
NAHRES-8
Vienna, 1992

CO-ORDINATED RESEARCH PROGRAMME

APPLICATIONS OF STABLE ISOTOPE TRACERS

IN HUMAN NUTRITION RESEARCH

Report on the Second Research Co-ordination Meeting

Bangalore, India, 26-29 November 1990

INTERNATIONAL ATOMIC ENERGY AGENCY

,



SUMMARY

This Co-ordinated Research Programme (CRP) was formally established by the IAEA in

1988, and has since then expanded to encompass 15 participants in 15 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, 13C, 15N and
18O in human nutrition research. This report summarizes the discussions that took place

during the second Research Co-ordination meeting (RCM). Working papers (progress

reports) presented by the participants are included as annexes. For the future it was

recognized that the limited availability and high cost of 18O are seriously constraining the

application of the DLW (doubly labelled water) method for estimating energy expenditure,

except possibly for studies in young children (for whom less tracer is required). 13C and 15N

are presently to be preferred as isotopic labels, because of their lower cost and greater ease

of analysis. They also offer many worthwhile possibilities for future research on protein-

energy interactions.

NAHRES-8, IAEA, Vienna (1992)
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of the named authors and do not necessarily reflect those of the IAEA or of governments of

the Member States or organizations under whose auspices the manuscripts were produced.
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CO-ORDINATED RESEARCH PROGRAMME ON
APPLICATIONS OF STABLE ISOTOPE TRACERS IN HUMAN NUTRITION RESEARCH

Report on the Second Research Co-ordination Meeting
Bangalore, India, 26-29 November 1991

1. INTRODUCTION

This Co-ordinated Research Programme (CRP)
was formally established by the Agency in October
1988, and has since then expanded to encompass 15
participants in IS countries. It is due to continue
until 1992. 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, 13C, 13N, and
18O in human nutrition research.

The second research co-ordination meeting
(RCM) for participants in the CRP, which is the
subject of this report, was opened on behalf of the
host government by Dr. S.G. Vasudeva, Regional
Director, Department of Atomic Energy, Bangalore.
It was attended by eleven of the fifteen current
participants in the CRP (all except Australia, Ghana,
Nigeria, and Papua New Guinea), as well as by one
consultant and three observers. The agenda is given
in Annex 1 and a complete list of participants in
Annex 2.

2. PROGRESS OF THE CRP &
RELATED ACTIVITIES

Progress reports (working papers) were presented
by all CRP participants who were present at the
meeting. These reports, as well as the most recent
progress report describing work undertaken in Papua
New Guinea, are reproduced in Annexes 3-13. No
progress reports were available from Australia,
Ghana or Nigeria.

The Agency has recently completed a series of
intercomparison exercises, involving enriched stable
isotope reference materials containing 2H, 13C, 15N
and 18O [I]. These materials are now available as
certified reference materials under the Agency's
AQCS (Analytical Quality Control Services)
Programme.

Under an informal arrangement with IDECG (the
International Dietary Energy Consultancy Group), a
report has been published on the methodology of the
doubly-labelled water (DLW) method for assessing
energy expenditure [2].

3. SEMINARS AND VISITS

In addition to the presentation of progress
reports, the programme of the meeting also included
(i) a number of seminars offered by several
participants (see Agenda, Annex 1, Session 3), (ii)
attendance at a memorial oration on applications of
stable isotope tracers in human nutrition research,
and (iii) a visit to St. John's Medical College and
Hospital (see Agenda, final day).

4. FUTURE PLANNING AND CO-
ORDINATION OF THE CRP

The following is a summary of the main
conclusions arising from the discussions during
sessions 5-7.

4.1 The doubly-labelled water method (DLW)

Availability of isotopes

1. The short-supply of 18O is acting as a severe
constraint on the further use of the DLW method.
Current delivery times are 12 months or more, and
the situation is not expected to ease significantly in
the near future. The short supply is also having an
effect on prices.

2. The costs of isotopes have increased
significantly in recent years, and are expected to
continue increasing. Current costs per subject
studied are around $10 per kg body weight. This is
almost entirely due to the cost of 18O.

3. In case the Agency embarks on a new CRP
using DLW (see paragraph 23), it would be
advisable to place a bulk order well in advance in
order to have a secure supply.

Instrumentation and measurement problems

4. There was an extensive discussion on various
aspects of the use of available mass spectrometers
for measurements of deuterium and 18O in samples
derived from DLW studies. Several participants
remarked on the difficulties that they had
experienced (shared also by other scientists known
to them) in the use of the VG-Aqua-Sira Mass
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Spectrometer. This instrument had been designed
specifically for the analysis of DLW samples and
had been purchased by several institutes for exactly
this purpose. However, it has now become
abundantly clear that the principle of the machine is
inherently unsound because, in the hands of the
great majority of uses, it is not capable of
consistently delivering the required technical
performance. The participants urged the Scientific
Secretary to explore ways of reinforcing this
complaint in some official manner.

5. The preferred instrumentation for DLW
studies currently consists of a pair of more-or-less
identical mass spectrometers configured separately
for deuterium and 18O respectively. The current
cost is of the order of $400k not including any
modifications of the laboratory that may be
necessary for installation (e.g. uninterrupted power
supply and adequate cooling and temperature
stabilization). Maximum sample throughput is
around 10 samples per day.

6. Sample preparation is preferably done off
line by manual or semi-automated methods (Zn
reduction for deuterium, CO, equilibration for 18O).

7. Access to such instrumentation for scientists
from developing countries is still a considerable
problem. In general the participants continued with
their recommendation from the first RCM that this
technology is NOT appropriate for most developing
countries.

8. The only solution to the problem of access
seems to be on the basis of some sort of "twinning"
relationship between a developing country scientist
and an advanced institute in a developed country.
In practice, such relationships have already been
developed successfully for the IDECG/CREAM
project. For the future, the participants requested
the Scientific Secretary to consider ways in which
the Agency could initiate such arrangements under
its TC programme (see paragraph 45) and/or in
collaboration with other UN Agencies and
international funding bodies.

9. Commercial analytical services may be
considered as an alternative to the purchase of one's
own instrumentation. However, exceedingly careful
attention needs to be given to quality assurance (see
paragraphs 15-19). current costs appear to be
upwards of $35 per sample (for 2 isotopes in
DLW).

Evaluation methods

10. Evaluation methods (calculation of energy

expenditure from mass spectrometric and other data)
are considered in detail in the recent IDECG/IAEA
report [2].

11. It was recommended by the participants that
any PC implementation of these methods should (i)
offer the user the possibility of choosing either of
the alternative methods proposed (2 point and multi-
point) and (ii) provide a complete - and preferably
interactive - overview of intermediate results of the
calculations so that the user has an insight into how
these calculations are being performed.

Methodological problems

12. Uncertainty in the estimation of RQ from FQ
can be a significant source of systematic error in
cases where the subject is not in energy balance. A
0.01 error in RQ results in a 1% error in the
estimate of energy. Users should be aware of this
problem and possibly consider overcoming it by
establishing the RQ on the basis of a 24-hour
calorimetry measurement rather than simply
calculating it on the basis of FQ and changes in
body composition.

13. Isotope sequestration is another problem that
may arise in subjects on high carbohydrate diets
who are in an anabolic state. Typically the
magnitude of the error is -0.3 litres CO2 per gram
fat synthesized. Further exploration of this problem
may be necessary, which may possibly be done by
looking at the second exponential term of the
deuterium decay curve following the maintenance of
a high deuterium concentration by daily
administration during the overfeeding experiment.

14. Isotope fractionation associated with breath-
water and/or transcutaneous-water losses is also a
possible source of error that may need further
investigation. However, on the basis of reasonable
assumptions, it is already theoretically possible to
place limits on the magnitude of this error.

Quality assurance

15. There is no simple overall quality control
procedure to establish the validity of an energy
estimate based on the DLW method. However, it
should not automatically be assumed that the DLW
method is the "gold standard" which should be
accepted without question even in the face of
contradictory data obtained by the more classical
methods. Such discrepancies, if observed, should
be resolved.

16. In the first place, quality assurance consists
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in having suitable written protocols and following
standard laboratory operating procedures. Replicate
analyses of each sample, and the frequent
measurement of reference standards, is an important
component of this.

17. The kinds of laboratory operating procedure
described by Mr. Haggarty were strongly endorsed
by the participants, and he was invited to provide a
written description of them (see Annex 14)

18. One important component of these
procedures consists in the use of a set of diluted
standards simulating a decay curve (but without the
effects of metabolism). The results of these
measurements, if fed into the evaluation procedure
(see paragraphs 10-11) should lead to an estimate of
zero energy expenditure. This kind of test is
particularly recommended if the analyses are being
done by a commercial service.

19. The participants endorsed the continued
routine use of the Agency's enriched stable isotope
reference materials, and urged the Agency to
publish its report on these materials as soon as
possible. A short journal article should also be
prepared consisting mainly of a simple factual
account of the intercomparisons and the results
obtained. It should be submitted for publication in
a suitable scientific journal such as the American
Journal of Clinical Nutrition or Analytical
Chemistry.

20. The need was also foreseen for a NEW
stable isotope reference material, namely a
deuterium-enriched solid reference material suitable
for combustion studies. Deuterium-labelled palmitic
acid (in hexane) was suggested for this purpose, and
Mr. Klein offered to assist the Agency in making it
available. About 200 units would probably be
sufficient.

New directions for research on energy
expenditure using DLW

21. It was agreed that there is much scope for
new research on energy expenditure using DLW and
that high priority should be given to some of the
topics identified by FAO/WHO/UNU (see table 1).

22. In view also of the fact that DLW is
expensive and in short supply, it was agreed that
preference should be given in the first place to
studies of children (since the doses needed are in
proportion to body weight).

23. Accordingly, it was recommended that the
Agency's new CRP, which is due to start in 1991,
should address some aspect of the following issues:

(i) the extent to which frequent infection increases
energy (and protein) requirements of children, (ii)
energy (and protein) requirements for catch-up
growth and for resistance to and recovery from
infection under the conditions that prevail in many
communities, and (iii) effects on children's
behaviour related to protein-energy malnutrition.
(See also paragraph 29 for a discussion of protein
problems.) Close co-operation with WHO, IDECG,
UNICEF and other relevant international groups
should be sought.

4.2 Protein and amino acid studies using
stable isotopes

Project designs

24. With respect to existing studies being carried
out within the framework of the CRP. it was felt
that useful information had been obtained relating to
nitrogen fluxes, and disappearance rates of labelled
amino acids, in a number of conditions of clinical
and nutritional interest, e.g. liver cirrhosis and
studie; of pre-term and low birth weight babies.

25. 15N:-lysine is currently considered to be one
of the best markers for turnover studies of intact
essential amino acids; 15N-glycine is less useful for
this purpose, and 1?C-alanine in not considered a
good choice.

26. For the future it was agreed to take note of
some recent developments outlined by Mr. Klein
which hold the promise of providing much more
detailed information on the metabolism of individual
amino acids, and on their requirements. An outline
protocol for such sruoies is given in Annex 15.
Briefly, it is based on the observation that VLDL-
ApoB-100 may be used as an indicator of the
hepatic amino acid precursor pool. Since it is
synthesized very rapidly, metabolic studies may be
carried out on a time scale of a only few hours.
The full protocol requires the use of a single amino
acid, which is multiply labelled with up to 3
different stable isotopes, deuterium, 13C and 15N. A
complete study of a single subject takes about 3 days
for sample preparation and analysis.

27. The techniques required for such studies are
relatively simple and robust, and lie within the
capabilities of many nutrition research laboratories.
The basic equipment required comprises a state-of-
the-art quadrupole gas chromatography mass
spectrometer (GC-MS), together with conventional
chemical equipment for sample preparation and
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derivitization; however, it is also necessary to have
an ultracentrifuge (100 kilo-G).

28. Applications of such techniques are expected
to become a high priority area for future research in
human nutrition. The participants supported a
suggestion made by the Scientific Secretary that the
Agency should (i) convene an expert advisory group
meeting in 1992 or 1993 to review the role of
isotope techniques in the study of protein and amino
acid requirements and (ii) explore with WHO and
other UN Agencies the possibility of establishing a
permanent Consultancy Group (along the lines of
IDECG and INACG) to coordinate work on wider
aspects of this subject.

29. It Wi~s agreed by the participants that it
would be premature to establish a new CRP at this
stage on protein/amino acid studies. However,
appropriate research on this topic should be
supported within the framework of the CRP
discussed in paragraph 23.

Availability and costs of isotopes

30. There is currently no shortage of supply of
the isotopes in question (deuterium, 13C and 15N) or
of appropriate compounds labelled with them.

31. Costs of labelled compounds are of the order
of $500 per adult subject studied in the case of the
new protocol proposed by Mr. Klein, but would be
less than this if fewer isotopic labels are used, or if
children are being studied.

Instrumentation

32. The cost of a gas isotope ratio mass
spectrometer (including sample preparation train) is
in the region of $200k - $250k. which places it
beyond the resources of many laboratories,
especially in developing countries. The participants
continued to feel, however (as at the first RCM),
that this is still an appropriate technology for many
developing countries (though it is not appropriate to
the newer kinds of protein synthesis protocols such
as is referred to in paragraph 26.).

33. More affordable is the new kind of desk-top
GC-MS that is now available from several
manufacturers, whose cost is of the order of $75k.
These instruments are robust and reasonably simple
to operate and maintain. Moreover (as indicated in
paragraph 26) they are capable of providing
information of great nutritional value. The
participants strongly recommended the Agency to
give favourable consideration to appropriate

technical co-operation requests from Developing
Countries based on the use of such equipment.

34. Information on body composition (and
therefore of relevance to human nutrition) is also
available from other kinds of new instruments based
on nuclear techniques, such as NMR and dual
photon absorptiometry. The participants did not
propose any new kinds of studies using such
instruments, but pointed out that existing NMR
machines for clinical diagnosis could also, in
principle, be used for nutrition research.

Analytical quality control

35. The participants endorsed the continued
routine use of the Agency's enriched stable isotope
reference materials (see also paragraphs 19).

36. It was not considered necessary or desirable
to produce any new reference materials or written
protocols.

4.3 General matters

Other applications of stable isotopes

37. The participants saw no immediate need for
the Agency to expand its support for other kinds of
applications of stable isotopes except, as already
noted in paragraph 26, that there is great scope for
new work using GC-MS.

Safety guidelines for application of stable
isotopes in medical and nutritional research

38. Several participants felt that it would be
useful to have an authoritative statement on safety
guidelines issued by an international organization.
The Scientific Secretary agreed to explore this
matter with WHO. Mr. Jung will provide an
example of the kind of guideline that used to apply
in his country.

Information exchange

39. The present practice of distributing reprints,
progress reports and INIS bibliographies was
endorsed, and each participant agreed to continue
playing his/her part in this process.

40. Other ways of distributing bibliographic
information were also considered. As a first step,
Mr. Haggarty will provide the Scientific Secretary
with a floppy diskette copy of his own bibliographic
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list on the DLW method. This will be done in 3
formats (DBase, ASCII and Word Perfect). Copies
will then be provided to all participants.

41. In addition, several participants agreed to
provide the Scientific Secretary with copies of recent
review articles (only those considered to be
particularly useful and relevant), who will consider
the appropriateness of providing a consolidated list
or set of copies.

Technical co-operation (TC)

42. The Scientific Secretary reminded
participants from Developing Countries about the
Agency's TC programme, and informed them that
proposals for new TC projects, to be implemented
in 1993, should preferably be submitted to the
Agency during 1991. Such proposals must be
submitted through official governmental channels.

43. The participants considered that on-the-job
practical training as currently available under the
Agency's Fellowship Programme provides a very
effective mechanism for training young scientists
from developing countries. The normal period of
training (3-6 months) is generally appropriate. A
number of suggestions regarding possible host
institutes for fellowship training were noted by the
Scientific Secretary.

44. The participants did NOT recommend that
the Agency should organize a formal training course
on any aspect of this subject. (National training
courses on GC-MS are available in many countries
organized by professional societies.)

45. The Scientific Secretary agreed to give
favourable consideration to any request that might
reach him for a Scientific Visit to enable a Chief
Scientific Investigator from a Developing Country to
spend 4-6 weeks at an institute of his/her choice
near the end of the project for work on data
evaluation and reporting.

Report of the RCM & progress to-date

accordance with the
IDECG/CREAM protocol.

goals set by the

Next Research Co-ordination Meeting (RCM)

48. The next RCM is due to take place during
1992. All participants may expect to have their
contracts renewed for one more time before then.

49. Most members of the participants would
prefer to have a "dedicated" meeting, i.e. NOT
arranged in conjunction with an international
conference or any other kind of meeting. Several
participants indicated that they would be interested
in hosting such a meeting, and the Scientific
Secretary took note of this.

5. ACKNOWLEDGEMENTS
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46. Participants agreed that it would be useful to
have a report of the second RCM (this meeting) in
the same style as the report on the first RCM.

47. The main achievement of the RCM to-date
is that it has helped to establish a capability in a
number of developing countries for research in
human nutrition using stable isotopes. It has also
identified new priorities for research in energy and
protein metabolism, and, by the end of the CRP in
1992, is expected to have produced valuable data in
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PRIORITiES FOR FUTURE RESEARCH ON ENERGY AND
PROTEIN REQUIREMENTS*

• the extent to which frequent infection increases the energy and protein requirements of
children

• the development of improved methods for measuring energy expenditure over relatively
long periods

• the extent to which the energy cost of a given task is affected by age, sex and body weight

• the extent to which the body can adapt to different levels of intake by a change in either
basal metabolic rate or in the efficiency of physical work

• whether observed differences in metabolic rate between different populations and groups
result from ethnic factors, climate or adaptation

• the protein requirement for growth in young children

• the search for objective biochemical indices of marginal protein malnutrition

• the usefulness of total body nitrogen and potassium (as measures of protein requirements)

• further research on amino acid requirements, particularly of adolescents

• protein and energy requirements for catch-up growth and for resistance to and recovery
from infection under the conditions that prevail in many communities

* Energy and Protein Requirements, FA0/WH0/UNU (1985)



Annex 1

AGENDA

Monday. 26 November Venue: Wadiyar Hall, Taj Residency

9.00- 9.30

9.30 - 10.00

Welcome:

REGISTRATION

OPENING

Host Government:
Dept. of Atomic Energy

IAEA:

Administrative arrangements:

10.00 - 13.00 SESSION 1

Adoption of the agenda

Programme overview and status report:

S.G. Vasudeva

R.M. Parr

P.S. Shetty

R.M. Pan-

Chair: P.S. Shetty

R.M. Parr

PROGRESS REPORTS (WORKING PAPERS)

IDECG-related studies usine doublv labelled water (DLW)

UK:
India:
Malaysia:
Mexico:

P. Haggarty
P.S. Shetty
Mohd Ismail Noor
M.E. Valencia

14.30 - 18.00 SESSION 2 Chair: Mohd Ismail Noor

PROGRESS REPORTS (WORKING PAPERS) - continuation

IDECG-related studies usine doublv labelled water (T)LW) - continued

Italy:
Senegal:

A. Ferro-Luzzi
A.M. Ndiaye

Other studies using stable isotope tracers

China: Zongqin Xia
Germany: K. Jung
Guatemala: L. Vasquez Velasquez
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Tuesday. 27 November Venue: Wadiyar Hall, Taj Residency

9.00-13.00 SESSION 3 Chair: Zongqin Xia

PROGRESS REPORTS (WORKING PAPERS) - continuation

Other studies using stable isotope tracers - continuation

Romania:
Uruguay:

SEMINAR TOPICS

P.D. Klein:

P. Haggarty:

Soares M.J.

R.M. Parr:

N. Palibroda
P. Moyna

New applications of UL-13C-algae in
nutrient transfer studies

Reference materials and evaluation of
the precision and accuracy of the DLW
method

Whole body protein turnover in chronic
undernutrition measured using
15N-giycine

Other IAEA programmes related to
human nutrition

14.30-18.00 SESSION 4 Chair:

GENERAL DISCUSSION

See the attached list of discussion topics

M.E. Valencia

Wednesday. 28 November Venue: Wadiyar Hall, Taj Residency

9.00 - 13.00 SESSION 5 Chair:

GENERAL DISCUSSION - continuation

See the attached list of discussion topics

P.D. Klein

14.30

19.30

Free afternoon, with opportunity for individual discussions with the
IAEA Scientific Secretary

Joint NRC/IAEA Reception:
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Thursday. 29 November Venue: St. John's Medical College

9.00 - 13.00 SESSION 7 Chair: A. Ferro-Luzzi

FINAL DISCUSSIONS

REPORT OF THE MEETING

CLOSING OF THE MEETING

13.00 Lunch at St. John's Medical College

14.30 HJ. MEHTA MEMORIAL ORATION:

Prof. P.p. Klein, Houston, USA
Applications of stable isotope tracers in human nutrition research

15.30 Tea hosted by the organisers of the oration followed by a visit to the
College and Hospital
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DISCUSSION TOPICS

1. THE DOUBLY-LABELLED WATER METHOD (DLW)

Availability of isotopes

is the current short-supply of 0-18 acting as a constraint on the futher use of the DLW
method? If so, can anything be done?

what is the current cost (for isotopes) of applying the DLW method in adults and
children?

Instrumentation

what is currently considered to be the optimal choice of instrumentation for these
measurements?

what is the cost?

what is the sample throughput?

how can third world countries gain access to this equipment?

Evaluation methods

is there now agreement on the method of evaluation to be used (2 point method; multi-
point method; other methods)?

PC software for such evaluations - what should it be able to do?

Methodological problems

How important are they; how can they be overcome? e.g. problems associated with:

uncertainties in the values of RQ and FQ

isotope sequestration

other problems (?)

Quality control

how is overall quality control to be achieved?

do we need more written protocols?

do we need more reference materials (e.g. natural matrix RMs)?

do we need PC software?
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New directions for research on energy expenditure using DLW

what are the priorities?

where can such work be done?

how can IAEA best provide support for such work?

2. PROTEIN AND AMINO ACID STUDIES USING STABLE ISOTOPES

Project designs (covering all aspects from selection of subjects to interpretation of results)

does the group have any comments on existing studies within the CRP?

what are the priorities for future research?

do suitable protocols already exist for such (future) studies? If not, what can the
Agency do to assist with the preparation of such protocols? Is there a need for another
international Group (like IDECG and INACG) to take care of protein studies?

are modifications to the protocols required for studies in special cases, e.g.

in children with infections
in malnourished subjects

is there general agreement on the methods of data evaluation to be used?

is any new kind of PC software required?

Isotopes and labelled compounds (for protein/amino acid studies)

relative merits of C-13 vs N-15 labels

are there any significant constraints on the availability of isotopes and labelled
compounds?

what are some typical costs (for isotopes) for studies in adults and in children?

Instrumentation (including sample preparation)

have there been any significant new developments since the last RCM?

what is currently considered to be the optimal choice of instrumentation for (i) isotope
ratio measurements, (ii) for other kinds of measurements (e.g. GC-MS)?

what are the costs? -- what is the sample throughput?

should the Agency be willing to support the purchase of such instruments for use in
developing countries?

if yes, then are there any special requirements with respect to the local infrastructure?
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Analytical quality control

do we need more written protocols?

do we need more reference materials (e.g. natural matrix RMs)?

3. GENERAL QUESTIONS

Other applications of stable isotopes

should the Agency consider expanding it support for other kinds of investigation, e.g.

- (isotope oriented) further studies with C-13

- (technique oriented) studies with GC-MS or NMR?

Information exchange

reprints; progress reports; bibliographies (INIS; other)

Technical co-operation

is training best accomplished through fellowships or through a training course?

fellowship training - where; how long?

technical co-operation projects

Next Research Co-ordination Meeting (RCM) - where; when?

Report of the RCM - what are the main achievements of the CRP?

Other matters
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Annex 3
PROGRESS REPORT

Research Contract No: 5189

Country; The People's Republic of China

Chief Investigator: Zongqin Xia, M . D .

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, People's Republic of China

RESEARCH WORKS CARRIED OUT IN THE ABOVE PEKIOD
According to the contract, "A continuation of the original programme

of work is foreseen with emphasis on (1) studying whole-body protein
synthesis and breakdown rates in cirrhotic patients, (2) comparative
studies of energy expenditure in normal subjects and cirrhotic patients
using the DLW method." The actual works done in this period may be
described in three parts:

I. Whole-body protein synthesis and breakdown rates in post-virus hepa-
titis cirrhotic patients studied with N15-glycine.
1. Materials and methods:

1) N15-glycine (93»8% abundance, 96% chemical purity) was supplied
by Shanghai Institute of Chemical Engineering; Trifluoroacetic
anhydride was purchased from Merck-Schuchardt; A Finnigan-MAT
4510 GC-MS was used for the measurement of N15-glycine abundance
in plasma samples.

2) Subjects: 19 adult patients with immunologically proven post-virus
hepatitis cirrhosis and 8 healthy adults were studied. Among the
19 patients, 12 were compensated and 7 were decompensated as
differentiated by the absence or presence of ascites.

3) Tracer experiment: All patients were given a balance diet (1.2 gm
of protein and 38-40 kcal per kg body weight) for five days. Urine
and feces of the last 48 hours were collected for the determina-
tion of excreted nitrogen by micro-Kjedahl method. After an over-
night fasting, the tracer experiment was carried out in the morning
of the 6th day. 100 mg of N15-glycine was dissolved in 500 ml of
5% glucose and infused at a constant speed for 6 hours. Blood
samples were taken just before and 4»5,6 hours after the start of
infusion for the determination of plasma N15-glycine abundance.

4) Determination of N15-glycine abundance: 1 ml of heparinized plasma
was deproteinized with sulfosalicylic acid and the amino acids in
supernatant were separated out with a small Dowex 1x50 column. The
dried amino acids were then turned to their trifluoroacetic butyric
derivatives and undergone GC-MS analysis. N15-glycine abundance was
calculated from the strengths of m/e 126,127,128,129 ions by an
algebraic method described previously.

5) Calculation of kinetic parameters: The plateau N15-glycine abundance
was used to calculate the amino acid flux Q (g protein/kg/day) by
the following equation:

Q(g/kg/d) = i x (Ei/Ep-1)(100/8.3)

where i is the infusion rate of N15-glycine in g/kg/d, Ei is the
atom % excess of infused N15 in glycine, Ep is the plateau value
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of atom % excess of N15 in plasma glycine, and^S.3 is the average
amount(g) of glycine in 100 g body protein. Then the Picou-Taylor
Roberts model was used to calculate the synthesis and breakdown
rates of whole body protein:

Q = S + E = C + I

where S and C are the synthesis and breakdown rates, E and I are
the total nitrogen output and input rates respectively. I'was
obtained by carefully recording the actual intake of various
foods in the last 4.8 hours before experiment and summing up their
protein contents calculated by the hospital nutritionists. E was
obtained by micro-Kjedahl analysis of the pooled urine and feces
of the last 48h before experiment.

Results: The overall results of 8 controls and 19 patients are listed
in Tab 1.
Tab 1. Whole body protein synthesis and breakdown rates of
normal adults and post-virus hepatitis cirrhotic patients.
All parameters are expressed in g prot/kg/d.

Groups and Sex Age Body wt Q I E S C N-balance
Subjects (kg)

Normal
Wang ZQ
Luo MQ
Xu AQ
Sheng W
Dong GM
Qian SF
Chen ZM
Wu Q

Comp Cirrh
Liu FZ
Sun YH
Wu XD
Jin JQ
Chen GS
Zhang YK
Lu JG
Yao SY
Zhou YH
Zhou L
Niu CF
Shi LE

Decora Cir
Guo ST
Sun DR
Luo XD
Zhu L
Liang WZ
Hao JQ
Chen JY

M
F
M
M
M
M
M
M

F
F
M
M
M
M
M
M
M
M
M
M

M
M
M
M
M
M
M

48
52
38
41
49
51
56
33

60
46
AS
A3
A2
A8
51
58
39
53
44
61

AA
51
38
32
51
62
32

55
52
56
61
58
59
57
61

A3
54
58
66
61
60
67
65
62
63
57
58

58
63
61
57
57
56
53

5
5
A
A
A
A
5
A

11.
8,
11.
6,
7,
7,
7.
8.
7.
7.
7.
7.

9.
9.
10.
10.
10.
10.
7.

.490

.UO

.820

.480

.970

.650

.730

.880

.039

.331

.218

.660

.960

.400

.790
,030
,200
,960
,200
,790

820
850
500
820
850
980
790

1.350
1.346
1.360
1.300
1.310
1.220
1.320
1.280

1.194
1.200
1.400
1.200
1.260
1.273
1.400
1.160
1.300
1.220
1.280
1.250

1.240
1.210
1.210
1.320
1.280
1.360
1.291

1
1
1
1
1
1
1
1

1
1
1
1
1
1.
1.
1
1.
1,
1,
1,

1,
•1.
1.
1.
1.
1.
1.

.290

.390

.350

.290

.300

.240

.340

.240

.242

.435

.584

.220

.270

.300

.420

.240

.380

.270

.300

.310

,490
,420
,490
.570
540
630
875

4.200
3.750
3.470
3.190
3.670
3.410
4.390
3.640

9.797
6.896
9.634
5.44O
6.690
6.100
6.370
6.790
5.820
6.690
5.900
6.480

8.330
8.430
9.010
9.250
9.310
9.350
5.915

4
3
3
3
3
3
4
3

0,

7
9
5
6,
6,
6,
6,
5.
6.
5.
6.

8.
8.
9.
9.
9.
9.
6.

.140

.794

.460

.180

.660

.430

.410

.600

.845

.131

.818

.460

.700

.127

.390

.870
,900
,740
.920
.540

580
640
290
500
570
620
499

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.

.060

.044

.010

.010

.010

.020

.020

.040

.048

.235

.184

.020

.010

.027
,020
,080
,080
,050
,020
060

250
210
280
250
260

-0.270
-0.584
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. Tab 2. Results of t-tests of kinetic parameters obtained from
N15-glycine experiment between different groups

Group N-balance

Normal(n=8)

Compensated
Cirrhosis(n=12)

Decompensated 10.09jH .12
Cirrhosis(n=7)

5.02+0.42 3.72+0.40

30 6.83±1.28

3.71+0.40 0.006+0.034

6.91±1.33 -0.078+0.088

8.51+1.22 8.81+1.11 -0.301+0.127

t-test:
Nor:Comp
Nor:Decomp
Comp:Decomp

P<0
P<0
P<0

.001

.001

.01

P<0.
P<0.
P<0.

001
001
05

P<0
P<0
P<0

.001

.001

.01

P<0
P<0
P<0

.05

.001

.001

* Values of Q, S, C and N-balance are expressed as mean+SD.

3. Brief discussion and conclusion:
1) Result of the above study revealed significant increases of both

synthesis rate and breakdown rate of whole body protein in post-
virus hepatitis cirrhosis. Thus the negative nitrogen balance of
such patients is not due to a suppression of protein synthesis as
commonly thought. Instead, it is due to an excess of the increase
of breakdown rate over the increase of synthesis rate.

2) As a consequence of the increase of both synthesis and breakdown
rates as well as the negative nitrogen balance, it is reasonable
to suggest that protein intake of such patients should be higher
instead of equal to or lower than normal subjects.

3) The increase of breakdown rate of whole body protein may be
partly explained by the imbalance of branched chain and aromatic
amino acids and the insufficient energy supply from non-protein
source during cirrhosis, while the increase of synthesis rate
is probably a compensation of the breakdown.

II.Study of the energy expenditure of normal adults and patients with
post-virus hepatitis cirrhosis using the DLW technique.
1. Materials and methods:

1) 018-water (15.0% abundance) was supplied by Monsanto Res Corp, USA;
H2-water (99.9% abundance) was supplied by Guangming Chem Corp,
China; Zinc granules (8-30 mesh) were purchased from BDH, UK. A
VG-STRA-24 Isotope ratio mass-spectrometer was used for measurement
of the abundances of both 018 and H2 in water. i

2) Subjects: 5 cirrhotic patients (4 compensated and 1 decompensated)
with 5 healthy volunteers (research workers or graduate students of
this laboratory) were studied. During the 14 days' experiment, the
normal subjects were allowed to work and live as usual, and the pa-
tients stayed in hospital without spécial restriction of activity.

3) Tracer experiment: After an overnight fasting, the subject drank
a cup of tracer water (1g/kg of 018-water and 0.06g/kd of H2-water)
at 8 AM. Urine samples were collected at 4h after the dose and then
at 8 AM of the 5th or 6th, 10th or 11th, and 14th or 15th day. The
samples were kept in airtight plastic bottles at -20 degree C until
further processed and measured for their 018 and H2 abundances.

4) Determination of 018 and H2 abundances in urine samples: Water in
each urine sample was vacuum-transferred into a glass flask and
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stored in sealed glass ampoules. For either 018 or H2 determina-
tion, each sample was processed and measured in duplicate.

For 018 determination, 1 ml purified water sample was transferred
into a specially designed long-neck round glass flask, the flask was
cooled with liquid nitrogen, evacuated, and filled with 100 Torr of
highly purified carbon dioxide. The flame-sealed flask was snaked in
25oC water bath for 2h to achieve equilibrium of 018 between water
and carbon dioxide. ïhe carbon dioxide was then purified by a vacuum
system and transferred to the inlet of the mass spectrometer.

For H2 determination, a small glass tube containing 0.2g zinc
granules purified by 5% nitric acid was attached to a vacuum system.
After evacuation, 10 ul water sample was introduced into the tube,
cooled with liquid nitrogen, and the tube was flame-sealed. The
sealed tube was heated at 450oC for 2h and the hydrogen gas libe-
rated was analysed in the isotope ratio mass spectrometer.

The isotope ratio mass spectrometer gave out directly the delta
value of either 018 or H2 of the sample against a working standard
of either carbon dioxide or a hydrogen gas. The delta values thus
obtained were then normalized against two national water standards
which have been calibrated against the two international water
standards V-SMOW and SLAP by the Chemistry Department of Beijing
University to have delta values as follows:

6 D s0-18 /
VSMOW VSMFW

GBW 04401 -0.4^1.0 0.32+0.19
GBV/ 04404 -428. 3±1.2 -55.16+0.24

Normalized delta values of unknown samples were then converted to
absolute abundances as described hy Wong WW and Klein PD (1986).

5) Calculation of total body water and energy expenditure:
Total body water was calculated by the following equation:

TBW(kg) = (d x APEd/MWd)(18.02/APEBw) t f/1000

where d is the dose of labeled water given in grams, MV»d is the
molecular weight of the dose water, APEd is the atom % excess of
dose water, APEp-,.; is either the atom % excess of urine water col-
lected at Ih after the dose or the Oh atom % excess obtained by
extrapolating the linear regression line of the Ln APE against time,
f is the isotope-fractionation factor, which is assumed to be 0.99
for H2 and 0.96 for 018.

Energy expenditure was obtained by first calculating the rate of
carbon dioxide production using the following equation:

rC02 = (H/2.O8)(koi8 "
 k D ) - O.O15krjJ

where N is the total body water in moles (average value obtained
from 018 and H2),koigand kp are the elimination rate constants of
018 and J12 obtained by linear regression, the rate of water loss
through vaporization and respiration is assumed to be 50% of water
turnover rate, and the literature values of fractionation factors
are adopted (Klein PD et al, 1984).

The value of respirator}' quotient was estimated to be 0.85 in
this study according to the diet pattern of both patient? and con-
trols. The energy expenditure was then calculated from the rate of
carbon dioxide production and RQ.
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Results:
1) Precision of the determination of 018 and H2 in urine water: The

average precision of the delta values of the each determination and
the average precision of the delta values between duplicate determi-
nations are listed in Tab 3.

Tab 3. The precisions of the measurement of delta
values of 018 and H2 in water samples

018:
Average
Maximun
Minimum

H2:
Average
Maximum
Minimum

CV%
CWo
CV%

CV%
CV%
CV%

Average prec is ion of
each determination

0.032 (n=83)
0.138
0.011

0.192 (n=126)
0.493
0.062

Average precision
of duplicate samples

O.A92/(n=3D
1.943
0.016

0.685 (n=44)
2.417
0.002

2) Total body water of normal adults and cirrhotic patients: The overall
result of the total body water measured with DLW method is shown in
Tab 4. The TBW values calculated from the single 4h APE values and
from the extrapolated values of Oh APE are closeto each other, though
the latter are slightly lower than the former.

Tab 4. Total body water of Healthy and cirrhotic subjects

Subject

Healthy
Luo W
Hu YE
Bian YJ
Dai XD
V.'ang Q
Lu YE

Cirrhot ics
Niu WM
Wu XT'
Liu FZ
Zhang CP
Chen JY

Sex

M
F
F
F
F
F

M
!•1

F
M
M

Age

30
34
50
23
30
57

41
46
60
43
32

FA'
(kg)

57
40
50
54
51
57

65
58
49
64
53

TFvC (kg)
(4h delta)

38.19
26.98
23.93

-
26.61
31.46

40.92
31.46
29.34
42.35
44.66

TRV (kg)
(Extrapo Oh)

37.50
26.39
24.55
34.66
26.33
30.03

40.46
33.12
2S.21
42.32
43.16

TBWt" of F-O
(Extrapo Oh)

65.00
b5.98
49.10
64.18
51.62
52.78

62.25
57.10
57.57
t?6.13
81.^«

Mean+SD of THW (£ of Fd) of 6 Healthy adults = 5e.1H7.72
of 4 Corcpenrited Cirrhotics = 60.76_+4.27

-• DecoTT.Dcnsated cirrhosis with ascites rroven bv ultrasonic scan.

The energy expenditure of normal subject? and cirrhctic patients:
Regression of either 018 data or 112 drt-i showed good linearity, all
repression coefficient? beinf; better than 0.99 and most of the %
standard errors of the k values being smaller than 5%. The overall
dnt-i cf energy expenditure of 6 normal rubjects and 5 cirrhotic
patients are listed in Tab 5.
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Tab 5. Energy expenditure of normal adults and cirrhotic patients.
TBW values obtained from the extrapolation of regression lines
were used for the calculation of energy expenditure.

Subject

Healthy
Luo W
Hu YE
Bian YJ
Dai XD
Wang Q
Lu YB

Cirrhotics
Niu WM
Wu XD
Liu FZ
Zhang CP
Chen JY

Sex

M
F
F
F
F
F

M
M
F
M
M

Age

30
34
50
23
30
57

41
46
60
43
32

BW
(kg)

57
40
50
54
51
57

65
58
49
64
53

^018
(per d)

0.0993
0.1047
0.1243
0,0903
0.1572
0.1225

0.0925
0.1601
0.1050
0.0852
0.1120

kD
(per d)

0.0676
0.0754
0.0852
0.0615
0.1234
0.0972

0.0720
O.T3O3
0.0824
0.0698
0.0875

Energy
kcal/d

3751
2428
3056
3183
2693
2291

2519
2915
2076
1914
3218

expenditure
kcal/kg/d

65.81
60.70
61.12
58.94
52.80
40.19**

38.75
50.26
42.37
29-91
60.72*

* All the healthy subjects were doing laboratory research works
during the study except the last one, Lu YB, who was staying in
hospital after recovering from an attack of common cold.

** The TBW of this patient is abnormal due to ascites.
*** Mean+SD of the energy expenditure (expressed in % of BW) are:

5 Healthy subjects (Lu YB not involved): 59.87^4.70
4 Compensated cirrhotics (Chen JY not involved): 40.32j^8.44

, Brief discussion and conclusion:
1) Techniques for ike determining total body water and energy expendi-

ture has been established in this laboratory in the past year. The
techniques seem to be satisfactory for clinical investigations as
evidenced by the precision of abundance measurements, the linearity
of regression lines, as well as the values of TBVJ and energy expen-
diture of normal adults which are comparable to literature data.

2) The energy expenditure values obtained in 5 normal adults doing
laboratory research works during the measurement are close to each
other and may serve as a reference for the energy requirement of
Chinese intellectuals. Studies on Chinese people of different a^es
and different professions using the same technique would be valuable
in estimating the energy requirements of different populations in
China.

3) The results of cirrhotic patients without ascites su^gert that their
average energy requirement is around 40 kcal/kg/d. This value should
serve as a guide for the design of diet therapy for such pntientr.

4) The TB1.-/ value obtained in the patient with ascites (Chen JY1 is ruch
higher than other patients and is even higher than the upper limit
of normal adults reported in literature. It should be pointed out
that the ascites of this patient is not evident clinically and is
only detectable by ultrasonic examination, therefore the stable
isotope dilution technique might be helpful in the diapncrj? of
subclinical water retention. The calculated energy expenditure cf
this patient is also higher than other patients. Whether this is an
"apparent" high expenditure due to the high valve of TFW ir of
theoretical and practical interest and is worth of further study.
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III«Study of protein turnover and leucine oxidation with 1-Cl3-leucine:
1.Materials and methods:

1) 1-C13-leucine (C13 abundance is 99%, chemical purity >99%) was pur-
chased from Tracer Technologies, Inc; other chemical reagents was
similar to the N15-glycine experiment; plasma leucine was assayed
with Finnigan-MAT 4510 GC-MS; 013 abundance of carbon dioxide was
analyzed with a MAT251 gas isotope ratio mass spectrometer; Carbon
dioxide content of expired gas was analyzed with a Capnograph Mark
II gas analyzer.

Z) Tracer experiment: 6 normal adults and 15 cirrhotic patients (9 com-
pensated and 6 decompensated) were studied. 200 mg of 1-C13-léucine
was added to the N15-glycine-5%glucose during the N15-glycine expe-
riment and the two labeled amino acids were infused simultaneously at
constant speed. Blood samples were collected, processed and analyzed
for C13-leucine abundance in addition to N15-glycine abundance. Just
after the infusion, expired air was collected for 6 niin and subjected
to the analysis of content and C13 abundance of carbon dioxide.

3) Calculation of the parameters of protein turnover: The mathematical
model and the equations used are the same as used in the H15-glycine
experiment. But the excretion rate of nitrogen was obtained indirectly
from leucine oxidation rate (Metthews ED et al, 1980).

4) Calculation of the rate of leucine oxidation:

Rate of oxidation of C13-leucine
= Rate of CO 2 expiration x Plateau atom % excess of "CO2/O.8I

Rate of excretion of nitrogen
= Rate of oxidation of C13-leucine x (1/Ep-1/Ei) / (7.9%)

where 0.81 is the estimated fraction of carbon dioxide produced from
oxidation of leucine that is excreted through exhaled air, 7.9% is
the estimated average content of leucine in whole body protein, Ep
and Ei are C13 % excess in plasma and infused leucine respectively.

2.Results:
1) Parameters of protein turnover obtained from C13-leucine experiment:

The amino acid flux Q, the synthesis rate S and the breakdown rate C
of whole body protein obtained from leucine experiment are shown in
Tab 6 and Tab 7. The most marked point is the apparant positive
nitrogen balance in both groups of cirrhotic patients (S>C) and an
underestimate of nitrogen excretion.

Tab 6. Kinetic parameters (expressed in g protein/kg/d)
obtained from C13-leucine experiment.

Group

Normal(n=6)

Compensated
Cirrhosis(n=9

Q

6.90+0.67

9.61+0.77

5.81+0.82

9.22+0.87

C N-balance

5.61+0.67 O.2O.+34

8.34+0.80 -0.109+0.158

Decompensated 13.00^1.17 12.911.19 11.79±1.17 -0.253+0.024
Cirrhosis(n=6)
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Tab 7. Nitrogen excretion rates obtained from C13-lecuine
experiment and direct measurement

Group E (g prot/kg/d)
C13-leucine exp. N determination

Control (n=6) 1.1Oj1OJO 1.29 ± 0.32
Compensated

cirrhosis (n=9) 0.38 10.09 1.31 ± 0.45
Decompensated

cirrhosis (n=6) 0.17 + 0.002 1.79 + 0.38

2) Kinetic paratmeters of leucine metabolism: As shown in Tab 8, Leu
flux calculated from plateau abundance of plasma C13-leucine was
increased in cirrhotic patients but the oxidation rate of leucine
calculated from plateau abundance of carbon dioxide in expired air
was decreased in these patients. The estimated 1 of catabolized
leucine that is oxidized is significantly lower in patients than
in normal subjects.

Tab 8. Paramters of leucine metabolism in cirrhotic patients

Group Leu Flux in Oxidation Estimated Estimated %
plasma pool rate of Leu catabolic of catabolized
(uraol/kg/h) (umol/kg/h) rate of Leu Leu that is

(umol/kg/h) oxidized

Control (n=6) 172.65116.6 27.b6±S.76 30
Compensated
Cirrhosis (n=9) 245.25127.9 9.5512.32 34 28%

Decompensated
Cirrhosis (n=6) 325.80129.5 4.1711.10 58 8%

* Rate of leucine catabolism is estimated by subtracting the rate of
leucine incorporation into protein synthesis from the leucine flux.

3.Brief discussion and conclusion:
1) Leucine oxidation is markedly impaired in post-virus hepatitis

cirrhosis, even if the patients are still in compensated stage,
indicating a lowered efficiency of energy generation of leucine
catabolism. Sufficient supply of more efficient energy source such
as carbohydrate would be important for such patients and would be
helpful to suppress the abnormal exhaustion of leucine.

2) Since leucine oxidation is impaired, the C13-leucine method for
measuring whole body protein synthesis and breakdown rates seems
to be unsuitable for cirrhotic patients.

REIJEVJAL OF CONTRACT
In the third year of the program, emphasis will be put on clinical inves-

tigation of the effect of diet therapy on cirrhotic patients. The techniques
established in the first two year will be used, and the data obtained about
the'abnormal whole body protein sysnthenis and breakdown rater, the abnorrml
oxidation of leucine, as well the energy expenditure of cirrhotic patients
will be considered carefully for the design of therapeutic diet.
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1. 30-^0 selected cirrhotic patients (preferably relatively advanced but
still in compensated stage) will be studied. Each patient will be hospita-
lizedfor two months. After the pretreatraent examination, the patients will
be divided randomly into two groups, one given conventional diet (control
group) and the other given specially designed diet (treated group). By the
end of two-months' hospitalized treatment, the patients will be re-examined
for the short term effect of diet treatment. The treatment will be continued
when the patients leave the hospital and the long-term effect will be traced
9-12 months later.

2. The N15-glycine method established previously will be used to examine
the effect of diet therapy on protein metabolism. The DLW method will be
used to examine the effect on energy metabolism. In addition, physical exa-
mination and some of the important common biochemical examinations will also
be used to assist the evaluation of the effect of diet treatment. As for
physical examination, the essentials of VA coorperative study on alcoholic
hepatitis reported by Mendenhall et al (1986) will be followed. Biochemical
examinations will be focused on those closely related to protein metabolism
such as plasma proteins, 3-methyl-histidine, plasma amino acids as well as
those closely related to hepatic functions.

3- The specially desinged diet will contain 1.2-1.4. gm/kg/d of protein,
60% of which will be of vegetable origin, mainly made of soybean and fresh
or Xianggu mushroom. The energy supply will be 40-45 kcal/kg/d. Conventional
diet means the diet customly given to cirrhotic patients in most Chinese
hospitals which usually contains 0.8-1.0 g/kg/d of protein, about 50-60%
of which is of animal origin. The energy supply of the control group will
not be controlled but will be recorded daily.

4. In addition to the facilities already present and available for the
'project as mentioned previously, a new set of GC-MS system (very probably
HP-5989) is foreseen to be installed at the laboratory in 1991 by the
support of Shanghai Scientific Foundation. The gas isotope ratio mass
spectrometer to be used in the next year will be the VG-STRA-24 installed
at Chemistry Department of Beijing University. A group of researchers spe-
cialized on the measurement of inorganic stable isotopes will continue to
cooperate with the investigators of this progran for the determination of
energy expenditure.
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1. Introduction

In 1990 our study of liver functions by means of the stable isotope 15N was continued
and our efforts concentrated on the evaluation of liver damages in paediatrics. We applied
the stable isotope tests to characterize two functional states of the liver in neonates and
preterm infants:

the metabolism of the endogenous ammonia with the 15N-ammonia
test [1] and

the biotransformation of an exogenous xenobiotic with
15N-methacetin test [2]

For the administration of 15N labelled Pharmaceuticals (15N-ammonium chloride;
15N-methatecine) to neonates and infants, the amount of these tracer substances was reduced
and their abundances were increased.

The 15N analysis were carried out with an emission spectrometric 15N analyzer
NOI-6e [3].

2. Liver function studies in children

2.1. 15N-ammonium test for liver function studies in children

In the liver the ammonium ions as the toxic end-products of the protein and amino acid
metabolism are intoxificated by the mitochondrial urea enzyme system. Malfunction of the
liver involves disturbances in the urea synthesis and ammonia detoxification. It is known that
in the case of liver damage the urea synthesis is decreased. We used 15N-ammonium chloride

1 in cooperation with the Paediatric Clinic of the University Leipzig
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as the 15N labelled tracer substance to measure the ammonia detoxification and the urea
synthesis of the liver. The oral application of 15N-ammonium chloride stable isotope
pharmaceutical (tracer substance) and the following determination of the 15N abundances of
ammonia and urea in the urine excreted (1-2 hours for children) after the oral administration
of the tracer substance enabled us to show significant differences between healthy and
children with various liver diseases (Fig. 1).

The Q values were calculated as follows:

15N excess abundance ammonia
Q =

15N excess abundance urea

The results obtained characterize the functional state of the liver for the ammonia
detoxification/urea synthesis capacity respectively [4,5].

The time course of a liver cirrhosis over two years in comparison to other clinical
parameters is shown in Fig. 2 . The follow-up study of a patient with Reye-Syndrome under
the influence of a special carbohydrate diet is demonstrated in Fig. 3.

The advantages of the test are highest sensitivity, low laboratory costs (using 15N
labelled ammonium chloride) and minimal stress for the patients.

2.2. Development of urea synthesizing capacity in preterm infants during
the first weeks of life.

In human foetal liver the activities of urea cycle enzymes are significantly lower than
in adult liver, and it is not known when full activity and function of the urea cycle is attained
in preterm infants.

During the last decade many reports were published on transient hyperammonaemia in
preterm infants. The cause remains unclear, but increased ammonia production and a
decreased deposition via urea synthesis could be found in these infants.

Our previous studies on serum urea response to protein intakes or renal excretion of
urea and ammonia also suggest that urea formation is a developing function during the first
weeks of life in preterm infants.

Thus, it is the aim of the study to investigate the posinatal development of urea
synthesis in preterm infants as estimated by the "N-ammonium test [6]. The
urea-synthesizing capacity of the liver was studied in 20 healthy preterm infants
(mean/gestational age: 31.2 ±_ 2.7 weeks, mean weight at birth: 1450 +. 310 g) during the
first month of life. The urea-synthesizing capacity was estimated by the ratio of 15N
abundances of ammonia and urea (Q-values) in the 6 hours urine after administration of 3 mg
15N-labelled ammonium chloride/per kg body weight.

The ratio increases with increasing protein intakes from the second to the third week
of life. With protein intakes of more than 3 g/kg/day from the third week to the end of the
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second month of life, the ratio decreases suggesting a maturation of the urea cycle during the
first weeks of life (Fig. 4).

2.3. Studies of hepatic mono-oxygenase activity in the neonatal period measured with
the 15N-methacetin.

The hepatic metabolism in the first weeks of life, especially in preterm infants, is very
different from that in the adult and it is difficult to get quantitative information about the
liver function in the neonatal period.

The aim of this study was to use the 15N-methacetin urine test to check the utility of
several 15N test parameters for the investigation of developmental aspects of microsomal
detoxification capacities in the neonatal period in relation to gestational age and birth weight
in preterm and term born infants.

Eight mature infants (gestational age 37-42 weeks) and 50 premature infants (gestational
age 27-36 weeks) were included in the study. Fifteen premature infants with very low birth
weight were classified as 'small for gestational age '(SGA) and 35 infants were classified as
'appropriate for gestational age' (AGA) on the basis of the intra-uterine growth curve
according to Lubchenko. Additional sequential studies were obtained in 19 of the infants.
All patients were without major clinical problems therefore enterai feeding could be started
within the first 48 hours of postnatal life.

15N-methacetin test parameters of the preterm and term born neonates in the first days
of life are summarized in Fig. 5. The age dependence of hepatic detoxification was found in
all of the 15N parameters of the mature group, AGA - and SGA group. The eliminated dose
of 15N increased with advancing age (> 10 days).

The influence on the intra-uterine growth retardation on the 15N-methacetin
detoxification of the liver in low birth weight infants (LBA) was investigated in a second
study [7]. To establish nutritional management of low birth-weight infants according to their
individual metabolic situation, hepatocellular partial function was studied in 13 appropriate
(AGA) and 11 small for gestational age (SGA) low birth weight (LBW) infants during the
first weeks of postnatal life. The concentrations of total bile acids and of alpha-
amino-nitrogen in serum, the renal excretion of urea and ammonia and the renal excretion
of 15N after enterai administration of 3 mg 15N-labelled methacetin/kg were measured. In
comparison to AGA infants, SGA infants had elevated serum concentrations of total bile
acids and of alpha-amino-nitrogen, decreased excretion of urea, increased excretion of
ammonia in urine, and lower urinary 15N-excretion after enterai administration of 15
N-labelled methacetin (Fig. 6). The data suggest that hepatocellular functions are influenced
by intra-uterine growth retardation resulting in a reduced metabolic capacity in SGA infants.
The metabolic differences between SGA and AGA infants should be considered in the
nutritional management of LBW infants.
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3. Rapid non-invasive diagnosis of gastric Helicobacler pylori infections by a simple
15N-urea urine test.

When stable isotope labelled 15N,-urea was administered orally with a test meal, the
high urease activity of Helicobacter-pylori-infected individuals yielded 15N-labelled ammonia
[8]. The 1SN abundance of the urinary ammonia and urea could be detected easily two hours
later using a simple microdiffusion technique and emission spectrometric 15N analysis.
Individuals without gastric urease activity eliminated practically no I5N-ammonia over this
period. This corresponds to an 15N-ammonia l5N-urea ratio less than 0.07. Infected
individuals showed ratios above 0.08 and reached ratios more than 0.20.

25 healthy subjects and 16 patients with gastroscopically diagnosed H. pylori infection
were involved in the study, which was approved by the departmental Ethical Committee.
The new test has reliably identified all patients with positive cultures (Fig. 7).

We conclude that the test is well suited for repeated application using the advantages
of the non-distressing, non-radioactive, and simple method.

4. Metabolic effects of recombinant human growth hormone (rHGH) on Turner
Syndrome using 15N.

In 12 girls with Turner Syndrome (TS) aged 11.2 ± 2.5 years the influence of short
term administration of rHGH was studied using the 1SN tracer technique. In addition, in six
of them, the influence of a combined therapy with rHGH and the anabolic steroid
oxandrolone on protein metabolism was investigated [9].

5. Protocol of the investigation:

A diet with a constant intake of protein and energy according to the situation at home.
Start of the diet three days before application of 15N.

"N-Glycine:
13 mg/kg body weight orally at 8 a.m. on the 3rd day of the basal period or on
the 6th day on rHGH administration, respectively.

rHGH: 18 IU/m2 body surface area/week by daily sub-cutaneous injections at 7 p.m.

rHGH plus oxandrolone: 100 ^g/kg per day orally, '•''N-glycine at the 5th day,
oxandrolone and rHGH continued.

Urine sampling:
2, 4, 6, 12, 18, 24, 30, 36, 42, 43, 60, 72 hour* after application of |SN-glycine.

Assay Procedures:
Total N in urine by the Kjeldahl me'hod, 15N as NH4Cl by emission
spectrometry.
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As shown in Fig. 8, treatment with rHGH resulted in a decrease (P <0.05) of the total
N-excretion in urine and of the excretion of 15N, respectively, expressed as percent of the
administered dose. The figure shows also a small increase in the rate of protein synthesis
with rHGH treatment.

Treatment with rHGH and the anabolic steroid oxandrolone resulted in a much higher
total N-retention than rHGH alone. The addition of oxandrolone also caused a substantial
decrease of the percental excretion of 15N compared with the baseline period (P < 0.01) and
with treatment with rHGH, respectively, while the rate of protein synthesis increased.
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INTRODUCTION

In spite of a century of advances, a significant proportion

of the world population still lives under inadequate conditions

of education, hygiene, health and food security. This

circumstance leads to undernutrition, one of the world's most

widely prevalent pathological condition that affects people of

all ages. Children appear to be an important age group in which

the detrimental effects of this state become evident. Physical

and mental development are both compromised in undernutrition

(1,2,3). The magnitude of the problem in Central America can

be observed in Table 1.

TABLE 1

GROWTH RETARDATION OF CHILDREN UNDER 5 YEARS
Proportion below 2 S.D. of WHO/NCHS

Country Weight for age Height for age
1965-67 1980-88 1965-67 1980-88

Costa Rica
El Salvador
Guatemala
Honduras
Nicaragua
Panama

16.3
27.7
36.5
28.5
17.1
13.5

6.1
15.4
33.5
20.6
27.1
15.8

24
49
52
46
36
23

.1

.9

.2

.7

.2

.5

6
26
57
33
35
25

.4

.8

.8

.9

.0

.1

Source: INCAP 1989.

Protein malnutrition and energy malnutrition are two

extensively examined types of nutritional deficiencies. The

investigations in this field have been concerned either with

clinical aspects or with biochemical changes observed in the

body. The outcome of this type of view has generated a
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significant amount of knowledge that permit the better

understanding of the entity. Nonetheless, the holistic

perception of the different metabolic mechanisms to cope with

long term low food intake are not precisely described. How a

population submitted to chronic low food intake can manage to

maintain normal growth, optimum pregnancy outcome, sufficient

milk production and adequate work capacity are some of the

questions that scientist as well as international agencies have

been trying to resolve in order to efficiently direct

international food policies.

The combination of classic methodology and development of

new technology permits the assessment of the metabolic mechanisms

from various angles. Indeed, the recent application of stable

isotope tracers in human nutrition research allows us to examine

previously stated questions with a confident degree of precision.

The various components of protein and energy metabolism as well

as the gross metabolic adaptation mechanisms during conditions

of nutritional stress can now be assessed.

The present paper presents preliminary results of the

project partially granted by the International Atomic Energy

Agency (IAEA), in which protein and energy requirements for

nutritional recovery are assessed. An intention to evaluate the

adaptive mechanisms resulting from chronic low food intake in

severely malnourished children is also preliminarily presented.
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METHODS

The present study was evaluated and approved by the

scientific and ethical committee at the Institute of Nutrition

of Central America and Panama (INCAP). Verbal or written consent

from the parents or guardians was obtained prior to the

children's admission in the study.

Subjects

Five male severely malnourished children below the age of

36 months with no infections were planned to be included in the

study. At present, four male children aged 14-30 months have

been enroled in the study. They were recruited from the

Paediatric Nutritional Ward, Instituto Guatemalteco de Seguridad

Social (IGSS) in Guatemala City. All of them have successfully

completed the biological sample collection and measurements

during the malnourished stage and only one (Subject-001) has

finished the entire sample collection.

Study Design

The experimental design included measurement of the children

in two stages: while malnourished (Malnourished Period = MP) and

after recovery (Recovered Period = RP). An arbitrary cut-off

point of 82% of the expected weight-for-height of the NCHS

standards (4) was considered 'recovered'. This criteria was

adopted on the basis of the subject's clinical condition and the

suitable length of time that children can be kept hospitalized.

On admission to the study (Day 0), children received a milk-
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based diet that provided 1 gram of protein/kg body weight and 100

kcal/kg body weight. By Day 1, children orally received as

marker, 20 mg of carmine (Sigma Laboratories, USA) to initialize

the nitrogen balance period. Food intake was continuously

registered and all urine and faeces produced after the marker

were constantly record. Thus, collections were done during a

three day period for nitrogen balance. Each 24 hour urine sample

collection was preserved at pH 1 with 5cc of HCl (5.8 mol/L).

All excretions were kept frozen prior to analysis. During the

RP, a three day nitrogen balance study was again performed.

Protein and energy intake were gradually increased, 2 g/kg

and 130 kcal/kg on Day 4-5 to 3 g/kg and 150 kcal/kg on Day 6-7.

Nine hour protein turn-over measurements with 15N-glycine were

performed while the children received 1 g protein/kg, again while

receiving 3 g protein/kg and when recovered. Total energy

expenditure was measured in MP and RP with the doubly-labelled

water method (D2 +
 18O) for a 10 day period.

Sleeping metabolic rate measurements were performed at night

every 8-15 days. Body weight was measured daily and measurements

of height were performed every week.
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STUDY DESIGN

MALNOURISHED

Day 1 Day 7-8

RECOVERED

Day n
(Wt/Ht > 82%)

Prot. Intake 1 g/kg
Energy Intake 100 kcal/kg

3 g/kg
150 kcal/kg

"3.5 g/kg
"200 kcal/kg

N balance

15N-glycine

D2 +
 18O

SMR

3 days

9 hr urine 9 hr urine

10 day period

every 7-10 days

3 days

9 hr urine

10 day period

every 7-10 days

Total protein turn-over using " N-qlycine

Total protein turn-over was measured in three occasions;

while malnourished and consuming diets that provided 1 gr.

protein/kg, and 3 gr. protein/kg, and after recovery.

After at least 24 hr of consuming the same level of energy

and protein, 1 mg 15N /kg was administered. A basal urine sample

was collected prior to the administration of the dose. Glycine

95% enriched with 15N (Issocomerz, Berlin, German Democratic

Republic) was dissolved in 1 cc of distilled water and given

orally to the children using a 5 ml syringe. Urine was

collected for a 9 hr interval after giving the dose. The volume

of each urine sample was immediately determined and the sample
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was acidified with HCl (5.8 mol/L) to pH 1.

Protein turn-over was calculated from isotope enrichment of

urinary end products as described by Fern (5). After correction

for background isotopic enrichment, the rate of whole-body

nitrogen turn-over (Q; mg N/9 hr) was determined using the method

given by Waterlow (6):

Q = E * d / e

where E is the rate of the end product excretion (mg N/

9hr); d is the dose of 15N given (mg) and e the amount of 15N in

end products.

For analysis of 15N enrichment in urinary ammonium and urea,

samples were prepared using the method of Reed (7). Briefly,

ammonium and urea are separated by ion-exchange chromatography,

followed by the hydrolysis of urinary urea to ammonium by

incubation for 1 hr with urease. Resin bound ammonium is

extracted with potassium bisulphate solution and allocated in tin

combustion capsules for analysis. Automated Nitrogen, Carbon

Analysis Mass Spectrometry (ANCA-MS, Europa Scientific, Cheshire,

U.K.) was use for determination of 15N enrichments.

Total energy expenditure by doubly labelled water (P., + 18O)

Children received an oral dose of 0.28 g/kg body weight of

oxygen 18 (Monsanto Stable Isotope Division, Mound Laboratories,

Los Angeles, California, U.S.A.) and 0.10 g/kg body weight of
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deuterium (99.8% excess Sigma Laboratories, USA). Isotopes were

administered using a 30 ml. syringe and extreme care was taken

in order to avoid spilling during the administration. After

giving the dose the syringe was re-weighed in order to have a

precise record of the dose given.

A basal saliva sample was collected prior to giving the dose

and the subsequent samples were collected at 3, 4 and 5 hours.

This time normally allowed for isotopic equilibrium to be

achieved. Thereafter, a daily sample was collected for the

remainder of the 10 day study period; a time interval that

allowed for almost three half-lives of isotope decay (Figure 1).

Saliva was collected using cotton swabs. Once fully wet the

sample was immediately transferred into a 1.5 ml plastic tube

(Sarstedt, Leicester, U.K.) using a 2 ml syringe in order to

squeeze the saliva out. No less than 1 ml. of saliva was

collected on each occasion to ensure enough material for

analysis. As soon as collected, the samples were kept at -20°C

and transported frozen to Cambridge for mass spectrometric

analysis. Samples were analyzed using a VG Isogas, Aqua Sira

model mass spectrometer (VG Isogas, Middlewich, Cheshire, U.K.)

and compared against four working references.

Calculations of rate constants (kd and k o), volume of

distribution (Vd and V o), and output rates (FH20 and FC02) were

determined using the Cambridge "multi-point" method (8). Slopes

and intercepts were calculated applying logarithmic

transformation to the enrichment data using a Hewlett-Packard
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41CV.

Sleeping metabolic rate by indirect calorimetry

Sleeping metabolic rate measurements were performed using

an open circuit suction ventilated indirect calorimeter.

Regulated by calibrated rotameter (KDG Flowmeters, West Sussex,

U.K.), a constant flow rate of air (12-15 lt/min) was removed

from the chamber by the pumping system. After allowing for an

equilibration period equivalent to 95% response, air samples at

a rate of 500-600 ml/min were collected into Douglas bags during

10 minute intervals.

All measurements were done at night (between 22:00 and 24:00

hr) and the gas samples collected were then transported to

INCAP's laboratory for oxygen and carbon dioxide analysis.

Energy output was calculated as described by Brown (9).

RESULTS AND DISCUSSION

Subjects description

Table 2 and 3 presents anthropométrie data of the

children. All of them were severely malnourished children; mean

(+ SD) weight-for-height 66% (+ 7). Three of them appear to have

a chronic malnourished component based on inappropriate lineal

growth. On admission to the hospital three children presented

with infectious diseases which required antibiotics. Subject 001

and 003 presented a degree of oedema in lower extremities when
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included in the study. Clinically, Subject 003 presented

kwashiorkor type of malnutrition. Marasmic type of malnutrition

was predominant in Subject 004.

TABLE 2

Subject

001
002
003
004

Subject

001
002
003
004

NCHS Standards

Age
(Month)

14
24
30
15

TABLE 3

Weight/Height

62
69
74
58

Weight
(kg)

4.420
4.900
7.300
5.380

Weight/Age

44
39
53
50

. Am.J.Clin.Nutr.32:607-629

Height
(cm)

65.5
65.0
76.0
73.0

Height/Age

86
74
82
92

,1979

Catch-up growth

Figure 2 depicts the rate of catch-up growth in the four

subjects. Children 001 and 002 have a similar rate of weight

gain, 32 g/day and 36 g/day respectively. Both presented a mixed

type of malnutrition. Child 003 rapidly increased his body

weight with the nutritional treatment; 51 g/day. Conversely,

Child 004 increased his weight to a rate of 25 g/day. The

difference of weight gain between marasmus and kwashiorkor was

evident in these to subjects.
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Total energy expenditure and energy requirements

The volume of distribution of D2 and
 18O differed by 1.6%,

a value that agrees with Gambian and British children's data

(10). The cumulative for error in total energy expenditure

(TEE) was 6.165 + 0.50% in measurements 001-MP, 002-MP, 003-MP

and 004-MP. Data from 001-RP presented an error of 18%, a fact

that will be thoroughly examined in a future report.

In the only child for whom total energy expenditure is shown

in both MP and RP periods there was an increase when it is

presented in absolute terms and corrected for body weight. It

is premature to draw conclusions with the rest of the subjects.

Nonetheless, it is important to notice that the mean of 67 +_ 15

kcal/kg in the malnourished stage, is below the mean of 80

kcal/kg for a chronically malnourished population of Gambian

children (10, 11).

Using the rate of weight gain and previous data (11) that

show that the composition of weight gain is 77% lean body mass,

we can theoretically predict the rate of energy deposited and

thus, energy requirements (Table 4). All malnourished children

were receiving 100 kcal/kg on Day 0 and 130 kcal/kg by Day 7-8.

We can assume that these children have an adequate intake of

energy.
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TABLE 4

Subject

001-MP
001-RP
002-MP
003-MP
004-MP

4
5
4
7
5

Wt

<kq)

.23

.96

.96

.78

.44

TEE24 TEE/kg

(kcal/day)
(kcal/g/day)

229 54
631 106
369 74
663 85
304 56

Energy
Deposited

(kcal)

97

108
153
75

Requirements

(kcal)

326

477
816
379

77

96
104
70

Calculated protein synthesis

Similarly, the daily protein systhesis (Table 5) can

theoretically be estimated based on principal knowledge of body

composition. Subject 003 presents the highest rate of synthesis

(10.6 g/day), compared with Subject 004 (5.20 g/day). Comparison

with real measurements will be done in future report.

TABLE 5

Calculated protein synthesis

Subject Wt Gain Protein
g/day synthesis

(g/day)

001-MP
002-MP
003-MP
004-MP

32
36
51
25

6.65
7.48
10.60
5.20

0.77 proportion of LBM of Wt gain
0.27 protein content LBM
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15.
Total protein turn-over using N-qlycine

The preliminary data on total protein turn-over agree in

magnitude with the previous reports (6, 12). Mean value of

2.61 g/kg/day for malnourished children was reported by Waterlow

(6). In the present study, total protein turn-over of 76 + 24

mg N/kg was observed during the malnourished stage. If

extrapolated to 24 hr, a mean value of 1.827 g N/day was

obtained.

Indeed, it is still early in the analysis of this

information to assess the magnitude by which the human body can

adapt to a chronic low food intake in the various components of

energy and protein metabolism. The present preliminary report,

intended to transmit the plan and advances that this project has

achieved.

TABLE 6

Subject

001-MP
i g
3 g

001-RP
F

002-MP
i g
3g

003-MP
i g
3 g

004-MP
i g
3 g

4
4

5

4
4

7
7

U
l 

U
I

Wt
Kg

.21

.38

.89

.90

.76

.70

.93

.46

.22

N-Turn-over
mg N/ 9hr

2897
1791

3543

5269
4267

3875
4575

3466
3688

Ammonium (QA)
mg N/Kg/hr

76
45

67

119
100

56
64

71
78
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Sleeping metabolic rate by indirect calorimetry

TABLE 7

Sleeping met-.abolic rate

Subject

001

001

001

002

002
002

003
003

004

004

004

Wt (kg)

5.640

6.050

5.890

4.820

5.060
5.670

7.740
8.000

5.380

5.410

6.320

SMR24

420

373

450

405

408

429

463

452

297

292

334

SMR/kg

75

61

76

84

80
75

60
56

55
54

53
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Catch-up growth of malnourished children
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The project under review supported by the Co-ordinated Research

Programme (CRP) on the "Application of stable isotope tracers in human nutrition

research" is a joint initiative of the IDECG AND CREAM aimed at evaluating

the role of metabolic adaptation to variations in energy intake. That individuals

adapt to variations in intake is well recognized (Waterlow, 1985). There are

however, 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 expert 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 G Margen have challenged this on statistical

grounds so successfully that in the Fifth 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 (DLW) studies ideally suit the need. A Consultative Group

of the ACC Sub-committee on Nutrition of the United Nations has made a thorough
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examination of the Sukhatme-Margen hypothesis and has proposed a number of

protocols of increasing 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 percent 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 proposed to study groups of

individuals who wil l be maintained on +25 percent of their energy intakes for

over 12 week periods by using Indirect Calorimetry and the DLW technique.

It was envisaged that financial support would be forthcoming from a funding

agency while the required Stable isotopes (DLW) wil l be made available by

the CRP under this research contract.

During the period under review, substantial progress has not been

made due to several reasons:

(1) While orders had been placed for the purchase of the DLW at the time of

the initiation of the project under the programme, due to considerable demand

for the isotope in the market, the order placed by the Rowett on our behalf

was complied to and the isotope delivered only sometime in May this year.

(2) The original arrangement of the joint, multi-country projects on energy

adaptation in man under the initiative of CREAM was that isotopic analysis for

all participants under this joint study was to be undertaken at the Rowett
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Research Institute, Aberdeen. With the Department of Science & Technology

(DST), Ministry of Science & Technology, Govt of India, taking a decision to

establish a Stable isotope facil ity for human nutritional studies at the Nutrition

Research Centre, Department of Physiology, St. John's Medical College, Bangalore

under the Intensification of Research in High Priority Areas (IRHPA) scheme,

it was decided that the analysis of DLW samples in this study wi l l be made

at Bangalore also. It was hoped that this would provide suffecient experience

and technical competence to the analytical facilities being set up here at

Bangalore. Comparisons of analysis of some of the samples in two laboratories

would also ensure quality control and rel iabi l i ty. With the grant made available

by the DST in the init ial stages i t was decided to acquire a SIRA Isotope ratio

mass spectrometers (IRMS) with all necessary accessories to carry out isotopic

analysis of C,H,O, & N from VG Systems, UK. However, subsequently, the

decision has been made to acquire two independent IRMS systems; one with a

dual inlet dedicated to deuterium analysis using the standard zinc reduction

method and the other for the analysis of 0, C and N. The latter system

allows for analysis 0 in urine after equilibration of 1.5ml of the sample with

18.5ml of 5% CO- in N at 250C for 48 hours in a 20 ml evacuated blood

collection tube (Schoeller et a l . , 1980). 2 ml samples (4.4 JJ mole CO7) are

injected through a septum inlet positioned between the reduction stage and gas

drying stage of the Roboprep IRMS. The CO2 trap was isolated. The gas sample

was dried, C0_ was separated from NL by the gas chromatograph stage and

passed via a variable leak valve, into the ion source of the mass spectrometer.

Two systems are being acquired with all necessary accessories from Europa
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Scientific Ltd, Crew, UK. and wil l be installed and operational by Jan/Feb 1991.

(3) The study under this research contrct is only partially being funded by

the CRP by providing the required amount of DLW and the rest of the funds

were to be raised by CREAM and its participating partners. The studies

involved are expensive and our group has independently approached a funding

agency for support for this study. There have been a number of questions

and criticisms on the submitted proposal, and despite two revisions the funding

agency has not given final clearance for the project proposal. However, the

funding Agency is interested in supporting the project and final negotiations

are on to sort out the differences. It is hoped that final clearance and support

wi l l be forthcoming by the end of the year.

During the period under the Report, two preliminary studies and

analysis have been carried out in preperation for the major refeeding study

as laid out in the protocols by the Consultative Group of the ACC Sub-committee

on Nutrition of the United Nations. They are (1) A study on the Effects of

short term supplementation on total energy expenditure of undernourished subjects

and (2) A comparison of Food Quotients and Respiratory quotients in well

nourished and undernourished subjects which wi l l be used for deriving energy

expenditure from CO» production rates using the DLW technique.

1. Short-term Energy Supplementation of Undernourished subjects

This study involved measurements of body composition and 24 hour

energy expenditure by Whole body indirect Calorimetry in 9 chronically
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undernourished subjects prior to and following 12 weeks of 800 kCal energy

and 15 gm protein supplement per day. The chronically undernourished subjects

were physically active, healthy, non-anaemic adults aged between 18-28 years.

They were from poor socio-economic backgrounds with mean heights 165 cm,

mean weights about A5 kg and Body mass indices (BMI) 18.0. Body composition

was estimated both by anthropometry and by densitometry while 24 hour total

energy expenditure (TEE) was assessed by Indirect Calorimetry using a 15m

whole body Indirect Calorimeter (Shetty et al , 1987). In addition both

non-shivering thermogenesis (NST) by intravenous norepinephrine infusions and

diet induced thermogenesis (DIT) following a standardised liquid meal stimulus

was assessed prior to and after the 12 weeks of supplementation. Basal

metabolic Rate (BMR) measurements were made serially throughout the study

while body composition was also serially monitored.

The results of this refeeding study showed that energy supplemtnation

caused an increase in body weight and Fat free mass (FFM):

Pre-sup piemen tat ion

Post-supplementation

Body Wt (kg)

43.6 ± 2.3

45.6 ± 2.8

mean ± SD

FFM (kg)

Skinfolds densitometry

39.1 ± 1.1

40.3 ± 2.1

* P < 0.05

40.3 * 3.4

41.6 ± 3.0

The results of serial changes in body composition during supplementation

indicate that of the total increase in body weight that occured over the entire
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12 week per iod , 72 percent of the increase occured w i th in the f i r s t 3 weeks of

feeding, w i th almost equal proport ions of fat and FFM being gained. The Respiratory

Quotients (RQs) seen in the BMR measurements made ser ia l l y dur ing th is per iod

showed a signif icant increase, wi th RQ values over 1.0 from the t h i r d week onwards.

I t is wel l recognised that extra carbohydrate prov ided in the diet of animals results

in greater amounts of carbohydrate oxidat ion in the fasted state (F la t t , 1985).

Human studies have also shown that excess of carbohydrate consumed (1500 kCal

per day over 7 days) showed RQs 1.15 associated wi th an increase in basal

metabolic rate due to the cost of lipogenesis (Schutz et a l , 1988). Fasting substrate

oxidat ion rates calculated by us also supports the conclusion that l ipogenesis as

wel l as prote in synthesis was occuring in these subjects w i th the use of

carbohydrate as the predominant nutrient being ox id i sed . The data also indicates

that body fat constitutes a greater proport ion of the weight gained (72 percent)

from the 3rd week of supplementation onwards, whi le at the sametime the RQs r ise

above 1.0. Once body weight gain tends to level off about the 9th week on, w i th

no fur ther gain in body fat , the RQs tends to return to baseline leve ls .

Pre-supplementation Weeks of supplementation

RQ

Fat (kg)

Percent
in body

increase
fat

0

4

.97

.84

1.

5.

21

3

08

43*

.2%

1.

5.

21

6

*
17

*
89

.7%

* P

(J
i 

_»

21

9

13
*

87

.3%

0.05

12

0.98

5.79*

19.7%
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Basal metabolic Rates (BMR) show an increase as the supplementation

proceeds. However, no differences were observed between the pre-supplementation

and the 12 week supplemented measurements of NST and DIT in these subjects.

The findings of this study have implication to the interpretation of the

research project to be carried out under the CRP. Haggarty (1989) has analysed

the consequences of isotope sequestration and the subsequent exchange in the

interpretation of the DLW technique. The process of lipogenesis from 2 carbon

units provides a route for the entry of Water H into the stable carbon-hydrogen

bonds of the fatty acid molecule. It has been estimated that about 45 percent

of hydrogen atoms of newly synthesised fatty acids are derived from body water

(Bernhard £ Schoen heimer, 19A0). Haggarty (1990) has suggested that for deuterium

the sequestration value for fat should be 53 percent; i.e. 53 percent of the

hydrogens of newly synthesised fatty acid wil l be derived from water labelled

with deuterium. He has also summarised the data indicating that sequestration

may be occuring in human subjects also during de novo lipogenesis. Although i t

is assumed that this may be a relatively small effect, it cannot be dismissed

particularly in designing studies which are likely to produce weight gain, more

specifically an increase in body fat since all these sequestration processes cause

the rate of CO9 production to be underestimated and wil l be additive resulting in

measurable consequences for the DLW technique. Since a study examining metabolic

adaptation is aimed to look at small increases in metabolic efficiency, these small

errors may be important and crucial, and need to be considered seriously before

arriving at for reaching conclusions.
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2. Food Quotients vs Respiratory Quotients for the calculation of free living energy

expenditure measured by OLW technique

The DLW technique estimates the rate of production of C0_ rather than

0_ consumption. This is a disadvantage since the energy equivalent of CCL varies

to a greater extent thant the energy equivalent of 0_. The variation is determined

by the substrate being oxidised which is indicated by the Respiratory Quotient

(RQ). Since mean RQs of free living subjects are not readily available, the earlier

studies using DLW assumed an average value for RQ of 0.85 which was an

approximation at best. Black and her colleagues (1986) suggested a more elegant

approach to correct for this by attempting to predict the RQ from the macronutrient

content of the subjects diet. This was termed the Food Quotient (FQ).

Under conditions of energy balance the FQ must equal the RQ. This may

not be true of conditions associated with energy imbalance as in the case of

refeeding undernourished subjects. Black et al (1986) have suggested methods for

converting FQs into RQs under these conditions of energy imbalance in adults. This

may be a crucial factor contributing to further errors to the problem of sequestration

already discussed when undernourished adults are refed and need to be resolved

in these studies.

Comparisons of FQs calculated by methods suggested by Black et al (1986)

and RQs actually measured in studies have been done by us under different

experimental conditions.
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Comparisons of FQ calculated from dietary recall from 24 hour of

several days intake, using the formula suggested by Black et al (1986) were

made in a number of well nourished and undernourished subjects and compared

with the 12-14 hour post-absorptive RQs obtained during the measurement of

a BMR using a Hartman 6 Braun Metabolator. No differences were seen between

the FQs and the early morning, fasted RQs in both well nourished and

undernourished individuals. As reported several times in the past by our

group the fasting RQs of the undernourished were significantly higher than

that of the well nourished and their FQs also corroborated this, since they

were habituated to a high corbohydrate diet.

RQ from BMR vs FQ from dietary recall

Well nourished

Undernourished

RQ

0.86

0.96

FQ

0.84

0.94

NS

NS

When comparisons of the mean RQ during a 24 hour cycle in an Indirect

Calorimeter were computed and these were compared with the FQs of the weighed

food provided to them while in the whole body calorimeter, differences were

seen in the undernourished subjects with RQs being higher than FQs. The

FQs were obtained from the food provided during the calorimetry run and may

have been sl ightly different from their habitual diets.

Mean 24 h RQ from Calorimetry vs FQ from weighed intake

RQ FQ

Well nour ished 0.83 0.82 NS

Undernour ished 0.93 0.90 P < 0.05
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Comparisons of FQs from weighed intake and RQs from standard BMR

measurements showed both groups having differing FQs and RQs

RQ from BMR vs FQ from weighed intake

RQ FQ

Wel lnour ished 0.85 0.81 P < 0.02

Undernourished 0.93 0.88 P < 0.005

However the most significant differences in FQs and RQs were seen

when comparisons of 24 hour dietary recall, including the supplementation diets

were made in the undernourished during the Refeeding study. The mean 24

hr RQ while in the Calorimeter were over 1 while the FQs showed the usual

levels seen on habitual diets. The differences in both FQs calculated from

weighed intake and 24 hr dietary recall and the RQs were highly significant.

These individuals who were gaining weight, had different mean RQs and FQs.

Pre-supplementation vs Post supplementation

mean RQ 0.95
Pre-supplementation NS

dietary recall FQ 0.92

mean RQ 1.02

12 weeks post weighed intake FQ 0.92 P < 0.002
supplementation

dietary recall FQ 0.91 P < 0.005

These preliminary observations raise important technical problems

related to the use of RQ/FQ values in the conversion of C0_ production rate

to total energy expenditure. This has considerable relevance to the study

on metabolic adaptation which involves feeding 25 percent excess intake for

a period of 12 weeks. It is important that these issues are addressed before

the start of the study.
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The project here illustrated represents a joint venture
between the National Institute of Nutrition of Italy, the ORSTOM,
Montpellier, France and the ORANA, Dakar, Senegal.

The purpose of the project is to establish the rates of
energy turnover in normal and growth retarded children. The
energy expenditure and breast milk intake of the child, and the
energy expenditure of the breast feeding mothers were the main
variables taken into consideration.

This project was carried out as part of a larger project of
ORSTOM whose objective is to investigate the causes of linear
growth retardation of the African child in the Sahelian ecozone.

Growth retardation is an almost universal phenomenon in the
Developing Countries (DC), affecting a large proportion of the
population. The most recent documentation on this subject has
been collated by ACC/SCN (1) and while far from being as
complete as desirable, showed nonetheless that up to 70% of the
children below age of 5 years in Africa can be severily stunted
(stature below the 3rd percentile (or -2SD) of the international
standards). It must be mentioned that the indicator of pondéral
growth (weight for height) shows a consistently better situation,
with less than 3 0% of the children population being below 2 SD of
the international weight for height standard.

It has been well established that severe stunting of the
infant and young child is a reliable indicator of increased
mortality risk. Less severe stunting has lesser if any value as
risk indicator and its functional significance is not well
understood. Spurr has extensively investigated the functional
capacity of malnourished Colombian children (2). While total
oxygen uptake of standardized exercise has been proven to be
lower in stunted children, the difference was not significant
when the results were standardized on body weight. In adults,
smaller stature has not been associated with any risk factor; it
is however recognized that a stunted adult has a lower maximum
work capacity (3). This functional handicap is both undesirable
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and preventable. An understanding of the nutritional causes of
stunting is still lacking.

CAUSES OF STUNTING

Although a large number of factors have been called upon as
potential causes of retarded growth, such as major or minor
illnesses, hormonal disorders, inadeguate food intake, specific
deficiency of various nutrients, psychosocial deprivation, it is
by far less clear which one of these is truly operative under the
conditions prevailing in the Third World, and the main cause of
the widespread phenomenon of stunting as observed in developing
countries (4-5). More specifically it is operationally important
for the success of preventive and or therapeutic measures that
the nutritional determinants of stunting be established and their
impact separated from that of infections. The early appearance of
growth retardation points out the need to investigate the first
months of life. Breast feeding usually represents the only source
of energy and nutrients of the Third World babies for up to eight
and more months, and a crucially important source of
supplementation of energy and high quality proteins during the
difficult weaning period extending well into the second and up to
the third year of life. Breast milk therefore acquires an
enormous importance for the survival of the child and for its
growth performance.
Milk production is a costly process in terms of energy, and the
energy needs of the lactating woman are imperfectly known. Also
the energy needs of the fast growing infant and young child are
relatively high, and exposure to even marginal energy deficit may
be the cause of the stunting most commonly observed around the
6th months of life in developing countries.

PROJECT DESCRIPTION

The study protocol was designed in such a way as to
simultaneously track in a group of children the following three
major modulators of growth rate:

1) infectious diseases and parasitic infestations.
2) nutrient intake and energy balance.
3) maternal behavioural make-up, conducive to emotional

deprivation or benign neglect of the child.

Study site

The site selected for the study is represented by a cluster
of small villages (Mbousso, Ndondol and Diokane), situated about
120 km east of Dakar in the administrative region of Diourbel,
district of Lambaye. The area is traditionally rural; the main
staple is represented by millet and beans (Niebe, or catganj cow
pea). The major economic resource is cash cropping (groundnuts).
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A large proportion of men (up to 70%) tend to migrate seasonally
to nearby cities (Dakar) for paid employment. Women enjoy a
rather high status in the community as they are often financially
independent and have decisional power, especially in domestic
matters. The local religion is muslim, in its "Murid" version
characterised by the belief that in afterlife a person will be
rewarded in proportion to the labouriousness displayed on earth.
Twentyfive percent of the households are polygamous, with up to
three wives.
The climate of the region is warm, with average yearly
temperatures ranging between 25 and 35 degrees C. There are two
seasons, a short rainy and warm season (3 months) during which
malaria and gastrointestinal diseases are particularly frequent,
and a long, dry cool season. Yearly rainfall is about 300 ml.

Study Sample

The larger study recruited 105 children in a mixed cross-
sectional/longitudinal design, where for each newborn child, one
child aged 12 ± 1 months and one child aged 24 ± 1 months were
selected. Each of these children was regularly monitored every
two weeks, over a total period of 10 months, for what concerns
physical growth, food intake, physical activity, and health
conditions.

Two convenience subsamples were recruited from this overall
sample. One group was made of 34 children of both sexes, 11 for
each age group 8-12 months, 19-22 months and 31-36 months.
Another group was made of 10 mother-child couples. Energy
expenditure and breast milk production/consumption were measured
on all these subjects. Only 38 children succesfully completed the
study; five children failed because of a variety of reasons
ranging from vomit, diarrhoea, partial spilling of the isotopic
dose, etc. Table 1 illustrates the age breakdown and the
anthropométrie characteristics of the subjects of the two groups
who successfully completed the study.

Protocol

Two different protocols were developed to measure
respectively the energy expenditure and breast milk intake of the
children, and the maternal energy expenditure plus breast milk
production of the group mother-child. Both protocols exploited
the use of heavy isotopes to label total body water.

In the first protocol, doubly labelled water was
administered to the child; in the second, the doubly labelled
water was given to the breast feeding mother while her child
received a bolo dose of deuterium at the end of the observation
period, to measure his body water. The exponential disappearance
of the tracer from the one compartment system in protocol one,
and from a two compartment system in steady state in protocol
two, was monitored over a period of 6 days and of 15 days
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respectively.

The doses were calculated as follows:

Protocol 1. (dose to the baby): 0.28 g of H, O and 0.1 g
D_0 /kg body weight of the child

Protocol 2. (dose to the mother):

18,a) mother : 0.3 g H 2 0 and 0.12 g D O /kg
estimated body water of the mother

b) baby : 0.4 g D-O / kg body weight of the child

These doses were calculated to achieve an initial enrichment
of body water of approximately 500 folds for oxygen and 1000
folds for deuterium in both protocols 1 and 2. At the end of the
study, estimated to correspond to two to three isotopic
biological half-lives, the expected enrichment of subject's
fluids would be about 50 times greater than the analytical
precision. For protocol 2, the isotopic enrichment of the baby's
body water depended from his breast milk intake and from the
water turnover rate. The administration to the baby of a final
deuterium dose was calculated to increase his enrichment to 50
ppm over the abundance on day 14 of the experiment.

Plan of Operation for Protocol I

Following one baseline day of urine collection, the baby was
given (delivered by nasogastric tube to the younger children, and
orally by means of a small rubber tube fitted to a syringe to
the older ones) the precise isotopic dose (precision 0.00Ig).
All urines produced over the 2 hours following the dose were
collected; thereafter collections were performed at 6, 12, 24, 30
and 36 hours from dose administration. Morning urines were then
collected over the next four days. We have obtained a total of
eleven urine specimens (inclusive of the baseline one) for each
child, with a grandtotal of 319 samples for the 29 children.

Body weight, food intake including breast milk, physical
activity and health conditions of each child were
simultaneously assessed by an observer over 6 the experimental
days.

Body weight was measured daily over calibrated digital
scales to the nearest 100 grams, first thing in the morning after
emptying the bladder.

All foods consumed by the child was assessed, accounting for
the leftovers, by a combination of three different approaches: 1)
weighing when the child was given the food as individual item or
portion, 2) double weighing of the child, when he was eating out
of a common plate, 3) recording of the number of handfulls of
food.
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Twenty-four hour breast milk intake was measured by double
weighing over two days, while day-time breast milk intake was
measured on 4 successive days by double weighing.

Minute by minute records of physical activity of the child
were kept by an observer, with 15 pre-defined categories of
activities being noted. The observations were carried out for six
day-time periods and two night-time periods.

Any other relevant events occurring over the study period,
such as vomit, diarrhoea, fever, etc, were carefully noted.

Plan of Operation for Protocol 2

A) MOTHER

After two baseline urine collections and one baseline breast
milk collection on days -1 and 0, the mother was given orally
the precise dose of doubly labelled water (precision 0.001 g) .
Urines obtained over the next two hours were discarded. Urines
were then collected at 3, 24, and 36 hrs from dose
administration, and retained for isotopic enrichment analysis.
Thereafter, daily collections of morning urines (overnight urines
were discarded) were performed for other 14 days (i.e. until day
16 from dose day). A total of 18 urine specimens were collected
on each woman, for a grandtotal of 180 analyses for the whole
group.

Breast milk samples (25 ml) were obtained on baseline day
(-1), and on days 1 and 5 from dose-day, for a total of 30
samples.

Body weight, food intake and breast milk production were
recorded over the entire study period. Twenty four hours physical
activity were recorded minute-by-minute by an observer over four
days. Day-time records (from 7 am to 9 pm) of physical activity
were kept for further 11 days.

B) CHILD

Two baseline overnight urine samples were collected on day
-1 and 0. Other morning urine samples (not overnight) were col-
lected on days 1 to 14.

A deuterium dose was administered on the morning of day 14,
after voiding bladder and discarding urines. Other samples of
urines were collected at 2, 4, 6 and 12 hours from the D2 dose.

Altogether, 19 urine samples were collected for analysis on
each child, giving the grand total of 190 samples.

The body weight, food consumption, breast milk intake , physi-
cal activity and health conditions were recorded for 15 days (14
hrs/d, from 7am to 9pm: in total 210 hrs over 15 days) and 4
nights (10 hrs/night, from 9 pm to 7am: in total 40 hrs over 3
nights) on each child, using methods as described in Protocol 1.
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Isotopic analysis

Biological samples (urines and milk) were to be analysed by
masspectrometry on Aquasira VGIsogas at the National Institute of
Nutrition. Although all samples have been collected and are
currently in storage in Rome, no analysis has as yet been
performed, due to serious and repeated breakdowns of the instru-
ment. The need to resort to technical assistance from UK (there
is no reliable technical assistance service of VGIsogas in Italy,
competent in the specified mass spectrometer) in order to sort
out our problems, has produced prohibitive maintenance and repair
costs, and has set back the analysis because of the time lag
between the detection of the breakdown and the arrival of the
British technician. On four occasions, the Institute of
Nutrition has been obliged, on the advise of the British experts,
to ship back the faulty part to UK for repair with further loss
of time and heavy costs.

RESULTS

The average age of the study children is 9.6 ± 1.5 months
for the first group, 20.9 ± 0.9 for the second group, and 33.1 ±
1.5 for the third group (table 3). Their growth performance
appears to be typical of a developing country, with a marked
degree of underweight (Weight/Age) and stunting (Height/Age),
while wasting (Weight/Height) is of a lesser degree. Out of 36
children between 8 and 36 months of age, 20 have a stature below
the 3rd percentile of the international standards, the groups
mean stature being -2.2 Z score or falling at P4 of the standard.
Their weight was likewise very low, being for 16 of them less
than the 3rd percentile. There is a clearly visible trend towards
a worsening of the situation with advancing age, the older
children being barely taller or heavier than the younger ones.
The same observations also apply to the 10 children (see table 4)
investigated jointly with their mothers, for the measurement of
breast milk production, which confirms that they can be
considered representative of all the study group.

For what concerns the mothers, they appear to be in good
nutritional status (mean Body Mass Index, BMI 22) (see table 4),
with quite a wide range of body weights (46 to 92 kg) and BMIs
(18 to 32) (see table 3), bearing no relationship to the
anthropométrie indicators of nutritional status of their child.
Time allocation of all study children is being calculated. The
preliminary results relative to the first 10 children are
presented in Table 5. The values are presented as number of hours
spent in the various activities and as % of 24 hours. The young
age of the children justifies the large proportion of time spent
in very sedentary activities (about four hours seated and about
other four hours being held) and in sleeping (for 11 hours or 48%
of the day). The children were just beginning to crawl around,
and on average 51 was spent in this activity. There is a very
large variation between children, from barely 10 minutes per day,
to about three hours. It is interesting to note the high
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proportion of the time when the child is held by an adult, mostly
the mother: 4.2 hours being held and other 1.1 hours while
breast-feeding, which adds up to more than one fifth of the day,
equivalent to about 5 (2 to 8) hours per day. Such a close
symbiosis is again typical of early life stages of the african
child, at least in those environments where labour demands have
not yet disrupted the traditional ways of life of the woman.

We look forward to complete the analysis of the data, and to
initiate the isotopic measures of the biological sample in the
near future.
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TABLE 1 - ANTHROPOMETRIC CHARACTERISTICS OF STUDY CHILDREN

SEX

F
M
F
M
M
M
M
M
F

M
M
F
M
F
F
M
M
F
M

M
F
F
F
F
F
F
M
M
F

AGE
months

8
8
8
9
9
10
11
11
12

19
20
21
21
21
21
21
21
22
22

31
32
32
32
33
33
34
34
34
36

HEIGHT
cm

65
67
65
64
67
65
71
66
71

75
72
79
80
77
81
77
76
79
80

79
80
88
87
84
84
85
88
81
83

WEIGHT
kg

7.
8.
9.
7.
7.
7.
9.
6.
7.

10.
8.
9.

11.
8.
9.
8.
9.
9.
9.

9.
9.
11.
13.
11.
10.
10.
11.
9.

10.

2
3
3
3
7
2
2
8
2

6
0
7
4
5
3
7
9
3
7

6
4
3
5
3
4
4
5
4
8

HEIGHT/AGE
(a

-1.
-1.
-1.
-3.
-2.

-1.
-3.
-1.

-2.
-3.
-1.
-1.
-2.
-0.
-2.
- 2 .
-1.
-1.

-3.
-3.
-0.
-1.
-2.
-2.
-2.
-1.
-3.
-2.

)

5
5
5
2
0
3
5
3
2

7
9
5
6
1
9
5
8
8
8

4
1
8
1
1
1
1
5
4
9

(b)

7
7
7

0.1
2

0.1
7

0.0
12

0.4
0.0
7
6
2

19
0.6
0.2
4
3

0.0
0.1
20
13
2
2
2
7
0.0
0.2

(C)

94
94
94
88
93
88
95
88
96

90
85
94
94
92
96
91
89
93
93

87
88
97
96
92
92
92
94
87
88

WEIGHT/AGE
(a)

-1.
-0.
1.

-1.
-1.
-2.
-0.
-3.
-2.

-0.
-3.
-1.
-0.
-2.
-1,
-2,
-1.
-1,
-2

-2
-2
-1
0

-1
-2
-2
-1
-3
-2

0
5
2
9
5
4
7
1
2

.9

.1
,4
.5
.4
.7
.7
.7
.9
.0

.9

.9

.5

.1

.6

.3

.4

.8

.2

.2

(b)

15
31
88
3
6

0.9
25
0.1
1

19
0.1
8

31
0.9
4

0.4
5
3
2

0.2
0.2
7
52
5
1
1
4
0.1
1

(C)

88
95

114
80
84
75
93
69
76

90
68
85
95
75
82
72
82
81
79

70
70
84
101
84
76
76
81
66
77

WEIGHT/HEIGHT
(a)

0.
0.
3.
0.
0.
0.
0.

-0.
-1.

0.
-1.
-0.
0.

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

-1
-1
-1
0

-0
-1
-1
-1
-1
-0

3
8
2
6
1
1
5
9
8

9
4
8
,5
.8
,7
.9
.2
.3
.4

.2

.3

.1

.9

.3

.2

.3

.2

.8

.6

(b)

62
76
100
74
50
55
67
20
4

81
8
21
69
4
5
3

43
10
8

12
9
14
81
38
12
9
13
4
28

(C)

103
108
133
107
100
101
104
92
83

108
88
93
104
85
86
85
99
89
89

89
87
91
110
97
89
88
90 .
84
95

OO

(a) Z score; (b) Percentile; (c) % of standard



TABLE 2 - ANTHROPOMETRIC CHARACTERISTICS OF STUDY SUBJECTS

SEX AGE
months

CHILDREN

F
F
M
M
M
F
M
F
F

8
9
9
9
9
12
13
16
17

MOTHERS

F
F
F
F
F
F
F
F
F
F

30*
21
21
30
18
30
30
27
18
17

HEIGHT
cm

70
67
69
72
69
72
72

153
163
161
169
158
170
162
169
160
155

WEIGHT
kg

8.7
8.0
7.7
7.6
7.2
10.1
7.5
8.3
7.4

54.7
59.9
52.9
91.8
45.8
74.0
48.6
58.0
45.5
47.1

BMI

23
23
21
32
19
26
19
20
18
20

HEIGHT/AGE
(a) (b) (C)

WEIGHT/AGE
(a) (b) (C)

WEIGHT/HEIGHT
O) (b) (C)

—
—
0.9
2.0
1.3
0.8
3.0
2.3
2.6

—
—
18.9
2.2
10.4
20.8
0.1
1.1
0.5

—
—
97
93
95
97
89
91
90

0.6
-0.6
-1.5
-1.6
-2.0
0.6
-2.8
-1.9
-2.8

71
28
6
5
2

71
0.3
3

0.3

107
95
84
83
78
106
72
79
70

—
—
-1.1
-0.1
-1.4
1.5

-1.0
-0.7
-1.8

—
—
13
45
8
94
15
23
3

—
—
90
99
87
114
91
93
83

(a) Z score; (b) Percentile; (c) % of standard
* years



TABLE 3 - SUMMARY TABLE OF ANTHROPOMETRIC CHARACTERISTICS OF STUDY CHILDREN

AGE HEIGHT WEIGHT
MONTHS cm Kg

HEIGHT/AGE
(a) (b) (C)

WEIGHT/AGE
(a) (b) (C)

WEIGHT/HEIGHT
(a) (b) (C)

GROUP

MEAN

GROUP

MEAN
SD

GROUP

MEAN
SD

TOTAL
MEAN

1

2

3

9
1

20
0

33
1

21

.6

.5

.9

.9

.1

.5

.2

67
3

78
2.8

84
3.2

76

7.8
0.9

9.5
1.00

10.7
1.2

9.4

-2. 1
0.9

-2.2
0.85

-2.3
0.9

-2.2

4
4

4
6

5
7

4

92
3

92
3

91
4

92

-1. 4
1.3

-1.8
0.8

-2.1
0.9

-1.7

19
28

7
10

7
16

11

86
14

81
8

78
10

82

0
1

-0
0

-0

-0

.3

.3

.91

.98

.90
0.8

.5

57
29

25
29

22
23

35

104
14

93
8

92
7

96

O

(a) Z score; (b) Percentile; (c) % of standard



TABLE 4 - SUMMARY TABLE OF ANTHROPOMETRIC CHARACTERISTICS OF STUDY SUBJECTS (MOTHER AND CHILD COUPLES

AGE
MONTHS

CHILDREN

MEAN 11.
SD 3.

MOTHERS

MEAN 24.
SD 5,

,3
.4

.2*

.69

HEIGHT
cm

70
1.9

162
5.91

WEIGHT
Kg

8.1
0.9

57.83
14.72

BMI

22.
4.
1
23

HEIGHT/AGE
(a) (b) (C)

WEIGHT/AGE
(a) (b) (C)

WEIGHT/HEIGHT
(a) (b) (C)

1.
O.

8
9

8
9

93
3

-1
1
.4
.3

21
30

86
14

O -0.7
1

29
32

94
10

(a) Z score; (b) Percentile; (c) % of standard
* years



TABLE 5 - PHYSICAL ACTIVITY OF SENEGAL CHILDREN : TIME-USE OVER 24 HOURS

SUBJECTS 10

Activities :

SLEEP & LYING

SITTING

BEING HELD

BREASTFEEDING

CRAWLING/WALKING

OTHER

6il

247

396

65

17

29

712

274

220

73

159

2

749

408

191

18

47

28

706

328

164

70

16

156

in minutes

700

186

401

56

76

20

772

224

289

50

87

17

525

268

87

42

182

353

702

348

228

86

52

24

784

254

270

110

13

9

645

287

343

100

44

21

Mean (SD )

hours

11.4 (1.2)

4.4 (1.1)

4.2 (1.7)

1.1 (0.5)

1.1 (1.0)

1.1 (1.8)

% Time

48

20

18

5

5

5
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energy needs in Malaysia.

Mohd Ismail Noor Ph.D
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Bangi, Selangor, Malaysia

1. Description of work carried out:

It should be mentioned that the elaborate IDECG/CREAM protocol could not be

implemented at this initial phase due to lack of supporting funds. Nonetheless, some of the

work carried out thus far include:

(a) Standardisation of techniques in measurement of BMR

(b) Acquisition/updating current facilities to conduct BMR measurement

(c) Training of laboratory technician

(d) Screening of potential subjects. Subjects recruited were normal adult

males (Please refer to the Application Form page 2, para 5, for

details). In addition, the study attempted to look at the possibility of

ethnic difference in BMR.
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2. Methodology

A total of 42 adult males comprising of 14 Malay, 14 Chinese and 14 Indians were

selected for this study. Anthropométrie measurements include body weight, height and body

mass index (BMI). Skinfold thickness was determine using Harpenden skinfold callipers and

body fat calculated as suggested by Durnin & Womersley (1974).

3. BMR measurement

Prior to measurement, subjects were briefed on the details of the experimental protocol

and were requested to refrain from taking any stimulants or drugs during 24 hours before

measurements. They were also requested to remain in a fasted state 12 hours prior to

measurement, and also to refrain from smoking and drinking coffee. Subjects were also

trained to use all related equipment prior to actual measurements. All measurements were

carried out between 7:00 and 9:00 am. On arrival at the department, subjects were requested

to lie at rest between 45-60 min, in order to reach a steady state. Triplicate samples of

expired air (3 x 10 min) were collected in the Douglas bag (100L). Oxygen concentration

was determined using Servomex O2 analyzer and the volume of expired air was measured

using the Gallenkamp Dry Gas meter and corrected for STP. BMR (kcal/min) was calculated

using Wier's formula (1949).

4. Results

The physical characteristics of subjects are shown in Table 1. The differences in the

parameters measured between the three ethnic groups were small with the exception of height

and age. Height is known to have little influence on BMP while the age difference is well

within the range 1 8 - 3 0 years as suggested by FAO/WHO/UNU (1985). The basal

metabolic rate among the ethnic groups as shown in Table 2. Although the difference in

BMR among the three ethnic groups were not statistically significant, it is interesting to note

that the measured BMR is about 20% lower than the predicted values (FAO/WHO//UNU

(1985)).

With the emphasis given to energy expenditure in deriving estimates of energy

requirement for a given population, and that BMR being the major determinant, the lower

BMR values reported in many developing countries must be reviewed critically, more so
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when minimum energy requirement figures expressed as a multiple of BMR are being used

as the "cut-off point" for undernutrition. An example, of the issue in question is shown in

Table 3. While one may question the validity of such an argument, these findings lend

support to motion that each country should assess the energy requirement of their population.

5. Future Plan

1. Based on the data available from the pilot study, it is necessary to carry out

further experiments using doubly-labelled water to evaluate total daily energy

expenditure (TDEE) of Malaysians. The results of such a study will not only

serve as a reference but, more important, it will be able to validate the current

set of data which indicated a lower energy requirement as compared to

FAO/WHO/UNU (1985) values.

2. Similar protocol should also be carried out in adult females in order to validate

the FAO/WHO/UNU (1985) values.

6. References
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[2] FAO. Energy and protein requirements. Tech. Report Series No. 724, WHO Geneva

(1985).

[3] Ismail, M.N. A critique of the assessment of dietary energy requirements for Malaysia

in the context of the National Food and Nutrition Policy. Regional expert consultation

of the Asian Network for Food and Nutrition, FAO, Bangkok. 24-27 July 1990.

[4] Ismail, M.N. and Loo, C Y . Basal metabolic rate of three ethnic groups in Malaysia

(1990) (in preparation).

[5] Weir, J. B de V. New methods for calculating metabolic rate with special reference

to protein metabolism. J. Physiol. Lond. 9 (1949) 1-9.
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Table 1: Physical Characteristics of Adult male subjects

Ethnic

Malay (n = 14)

Mean
SD

Age
(yr)

22.1

0.6

Wt
(kg)

60.2
5.9

Ht
(m)

165.7
4.0

BMl
(kg/m2

21.9
2.3

Fat

17.2
5.1

Range 21-23 49.3-72.7 1.57-1.73 18.0-26.0 10.7-27.3

Chinese (n = 14)

Mean

SD

23.1

0.6

62.8

6.1

171

7.2

.0 21.5

1.4

18.1
3.4

Range 22-24 52.8-75.9 1.62-1.87 19.7-24.2 12.7-24.9

Indian (n = 14)

Mean

SD

23.0

1.6

62.8

7.6

172

5.8

.3 21.1

1.8

19.0

4.0

Range 21-25 53.7-80.1 1.62-1.83 18.8-24.2 11.2-25.3

AU races (n=42)

Mean 22.7 61.9 170.0 21.5 18.1

SD 1.1 6.7 6.4 1.8 4.2

Range 21-25 49.3-80.1 1.57-1.87 18.0-26.0 10.7-27.3
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Table 2: Basal Metabolic rate of Malaysian Adult males. (Mean + SD)

Body weight BMR measured BMR2 Measured/
n (kg) Kcal/min Kcal/day Kcal/day Expected

BMR%

Malay 14 60.2 ± 5.9 0.93 +_ 0.09 1339

Chinese 14 62.8 ± 5 . 9 0.92 ± 0.06 1325

Indian 14 62.8 + 7.6 0.88 + 0.10 1267

All races 42 61.9 + 6.7 0.91 + 0.09 1310

1600

1640

1640

1626

83.7

80.8

77.3

80.7

1 Ismail and Loo
2 FAO/WHO/UNU Report (1985)

Table 3: Energy requirement of an adult Malaysian male

Age 25 years, weight 62 kg, height 1.65m, BMI 22.8
Moderate activity

BMR
Kcal/day

PAL Energy Requirement
Total Minimum (1.4 BMR)

BMR expected1

BMR measured2

1628

1310

1.78

1.78

2990

2330

2280

1835

1 FAO/WHO/UNU (1985)
2 Ismail (1990)
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The Effect of Continuous Work on Discretional Energy Expenditure in Male Adult
Construction Workers in Northern Mexico.

Mauro E. Valencia, Paul Haggarty, Géraldine McNeill, Lucfa Gonzalez, Silvia Moya, Socorro Saucedo,
Julian Esparza and Araceli Pinelli

Centra de Investigation en Alimentation y Desarrollo, A.C.
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INTRODUCTION

Regu lation of energy balance in man continues to be a highly controversial matter, especially with
regards to the possibility of auto-regulation or non-costly adaptation ( James WPT, 1987). In this sense some of
the issues stated by Sukhatme and Margen (1982) have been tackled by different research groups. In a study
reported by Riumallo et al (1989), the effect of energy supplementation was evaluated in six adults under free-
living conditions and considered to be underweight. After 60 days of energy supplementation, there were
significant differences in energy intake, body weight and body fat ( p<0.001 ) but no significant differences could
be detected in free living energy expenditure by the doubly labeled water or factorial methods.
The subjects of this study were evaluated as underweight, however the average body mass index was 19.59 and
percent fat determined by the sum of four skinfolds less than 15%. No mention is made of their prior level of activity
and possible implications of a chronic energy deficiency status.

Other studies have reported lower energy expenditure in rural Gambian men during the hungry
season compared with Europeans, as determined by whole body indirect calorimetry, basal and sleeping
metabolic rates, diet induced thermogenesis (DIT) and energy cost of exercise even when corrected for
differences in body weight ( Minghelli et al 1990 ). The authors conclude that Gambian men are able to develop
energy-sparing mechanisms even increasing energy utilisation by having a lower DIT and that these processes
allow them to accommodate the stress of chronically marginal daily food intakes. However as stated by the authors
free living studies under normal conditions of life would be more convenient to assess real energy requirement.

In view of the potential consequences of inadequate decisions of establishig energy requirements
and food policies for people throughout the world that are chronically faced with food shortages, it is important to
be able to determinate energy expenditure under different circumstances using the DLW method.

There is still limited information available on energy expenditure in spite of very carefully
controlled studies using a wide range of methodologies under field conditions, that include ambulatory oxygen
consumption meters (McNettl et al b) through whole body indirect calorimeters ( Minghelli et al 1990 and doubly
labeled water ( Singh et al 1989 and Riumallo et al 1989 ).

OBJECTIVE

The objective of this study is to measure the variations in discretional energy expenditure in male adult
construction workers of different body mass index, when exposed to a heavy and prolonged work load as well as
to compare the factorial method based on indirect calorimetry with the doubly-labeled water system for the
estimation of free living energy expenditure.
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SUBJECTS AND METHODS

Subjects

Twenty four male adult volunteers presently engaged in construction work, 18-30 years and in three Body
Mass Index (BMI) groups, <20,20-25 and 25-30 are being selected from different low income urban sectors of
the city of Hermosillo Sonora Mexico.

Subjects are evaluated by a physical and biochemical examination including stool analysis. Before the
beginning of the study the subjects are instructed in recording weighed food intakes and activity diaries. The
household is visited and the homemaker is also trained in weighed food intakes.

The subjects undergo a 10 day study in which they come to the unit every day of the week for seven hours
a day. In this period they go through a controlled activity programme in which the work load is similar to their
activities in construction work. The rest of the day they go about their normal activities without any restriction and
the weekend in between the controlled activity periods is also at leisure.

Dietary Methods

The subjects and the homemaker are instructed in registering a weighed intake that lasts the 10 days of
the study. Special portable dietary scales are provided one to stay at home and the other one to be with the subject
at all times, the daily weighed intakes are supervised and coded daily and if necessary the household is visited
for clarification. The analysis of the dietary information is made with our own computer programme which has
several food composition tables (Mexico, USDA1 McKance & Widowson and a table based on our own analysis
of regional foods).

Controlled Activity Programme

In eight out of the ten days of the study, the subjects come to the unit and undergo a combination of three
specific activities: a) walking on a treadmill at 3.1 km/h and slope zero, b) constructing a wall of 3.06 m2 with cement
blocks of 15x10x40 cm, weighing 7.4 kg each, and c) walking with a metronome at 110 steps per minute.
All activities are constantly supervised.

Energy Expenditure

Basal Metabolic Rate (BMR).

BMR is determined in the subjects after an overnight stay at the unit in which an evening meal is provided
at one third of their estimated energy requirement based on body weight (FAO/WHO/UNU, 1985). BMR is
determined by means of a ventilated hood system using a Deltatrac metabolic monitor. The Deltatrac is calibrated
for each run with a span gas mixture of O2 (95.94%) and CO2 (4.06%), verified by Haldane analysis. Atmospheric
pressure is set against an independent Princo -national weather service type- mercury barometer (Pa., USA). The
Deftatrac system is permanently checked by analysis of recovered gases with propane gas burns at a similar rate
to that of the energy expenditure measurements in the subjects. Environmental conditions of the room are kept
at 25° C and a relative humidity of 50- 55 %.
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Postprandial Thermogenesis.

Postprandial thermogenesis is determined in the Dettatrac ventilate hood system in the subjects after
an overnight fast of 12 hours and after a BMR determination as specified above. The meal has the same
characteristics as the one provided the night prior to the BMR, and is taken immediately after the basal reading
within a period of fifteen minutes. The subjects return to the hood and are measured the last 30 minutes of a 45
minute period. The subjects come out of the hood and remain sitting in the bed for fifteen minutes and the same
procedure is repeated during the next three hours. At the end of the second period all the subjects go to the toilet
even if the do not need to void to keep the protocol constant in other sources of thermogenesis. Environmental
conditions are the same as above.

Energy Cost of Programmed Activities.

The energy expenditure of the programmed activities is determined by the use of the Oxilog portable
consumption meter (BaIIaI and Macdonald,1982; Harrison et al 1982; McNeill et al 1987a). The oxilog is calibrated
against barometric pressure and with oxygen-free nitrogen. The straps were modified to be used as a backpack
and withstand various movements that the subject has to perform like that of leaning and bending forward in wall
construction.

Doubly Labeled Water.

This method is used to estimate energy expt nditure during a 10 day study that combines fixed and free living
periods. Thesubjects are broughttothe unit onday zero aftera 12 hovernight fast. Basal blood and urine samples
are collected for each subject and an oral dose of 1.63 g of DLW/kg of body weight is given immediately after the
collection.The container is weighed before and after the dose to nearest mg and the straw used for this is rinsed
with 5OmL of tap water.The second plasma sample is obtained 4 hours after the dose. Urine samples collection
is started the afternoon of day zero, for determination of isotope enrichment. Subsequent urine samples are
collected daily for the next ten days registering the time of the void. Samples are kept in double lid plastic
containers, sealed with parafilm and kept frozen until shipment to the Rowett Research Institute, in Aberdeen.
Mass Spectrometry analysis will be carried out at the Rowett.

0
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Figure 1. Study Timetable
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Body Composition

Body composition is determined by the measurement of four skinfolds (Durnin and Womersley, 1974);
tetrapolar bioelectrical impedance with a RJL system, (Detroit, Ml, USA), (Lukask, 1985). Later total body water
will be determined by the calculation of the dilution spaces of deuterium and oxygen-18 according to Schoeller
et al (1980).

PILOT STUDY

Using the methodology described previosly in terms of energy expenditure and body composi-
tion, a pilot study was designed to test each of the methods. Male volunteers (graduate students and staff from
our center) participated in the study. In the BMR and body composition section there were 32 males volunteers
divided into 4 groups of 8 subjects in four BMI categories, (< 20,20-25,25-30 and 30-40). For the energy cost
of programmed physical activities, there were 12 male volunteers with an average weigth of 68.5 kg and mean
BMI of 23.2.

PRELIMINARY RESULTS

Basal Metabolic Rate and Body Composition

Basal metabolic rate was determined ventilated hood indirect calorimetry in 32 male adults
divided in four BMI groups: <20; 20-25; 25-30 and 30-40 in the age range of 18-30 years. The weight range was
51.75 to 118 kg and height was 1.61 to 1.89 m. Basal metabolic rate was analysed with body weight by regression
and compared to the values predicted using the Schofield equations (1985). Theso equations overestimated
measured BMR by 6.71,8.44,5.68 and 4.39% in the four BMI groups respectively (Table 2); however the overall
difference of 6.3 % in all groups was not statistically significant when analysed by a paired t test (p=0.07). The
the BM R prediction equation based on weight obtained for 28 of the 32 subjects in the 18-30 years of age range
are presented in Table 3. If we compare our equation to Schofield's by covariance analysis the slope is the same
but the intercepts differ significantly (p<0.001).

This results show the same overall tendencies as the analysis of BMR in different population groups
reported by Henry and Rees (1988). However the percentage overestimation of the Schofield equations (1985)
seem to be higher in the majority of those ethnic groups than what was found in our study. Our data complies with
the basic controls of a BMR determination stipulated in the latter report; furthermore, the subjects spent the night
at the unit and were given a controlled evening meal equivalent to 1/3 of their estimated energy requirement.
Additionally all subjects went through a training resting metabolic rate measurement before the final BMR
determination.

When BMR was corrected for body composition, energy expenditure (BMR, kJ/kg FFM/d) was
statistically equal irrespectively of the method used: anthropometry (p>0.37), bioelectrical impedance (p>0.77)
or hidrodensitometry (p>0.87). Results are shown in Figure 2.

At this stage we have a very small sample to conclude that our results differ from the estimation
obtained using the Schofield equations, however there appears to be an overall tendency to have lower values
and it would be very useful to expand the sample size for improving the overall power of the predictions by
decreasing the error.

This preliminary part of the study has allowed us to test our basic calorimetry and body
composition procedures and in part has produced useful information regarding basal metabolic rate under
controlled conditions for a group of population that has not been reported before and that can expand data banks
currently available for future estimations of energy requirements in populations.
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Table 2.

Subject

1
2
3
4
5
6
7
8

Mean
SD

g
10
11
12
13
14
15
16

Mean
SD

17
18
19
20
21
22
23
24

Mean
SD

25
26
27
28
29
30
31
32

Mean
SD

Grand Mean
SD

BMR and percentages by which Schofield Equations Overestimate (+) or
Underestimate

Weight
(Kg)

53.95
51.75
61.65
64.45
54.75
53.05
58.10
70.25

58.49
6.48

61.05
61.95
62.70
57.80
78.20
73.60
68.55
77.85

67.71
8.01

77.85
75.80
85.75
91.05
84.10
88.80
89.40
95.85

86.08
6.72

86.90
90.65

103.40
93.15
97.50

118.65
106.45
114.90

101.45
11.45

78.43
18.65

(-) the Actual I

BMI
(Kg/m*)

16.11
16.63
17.31
18.59
18.61
18.75
19.82
19.85

16.21
1.40

21.30
21.64
21.95
22.38
23.63
23.76
24.64
24.84

22.99
1.40

25.62
26.07
26.61
27.19
27.59
28.15
28.70
29.29

27.40
1.25

31.01
31.59
31.84
33.93
34.14
34.48
35.98
38.66

33.94
2.39

25.64
6.11

Measurements.

Measured
BMR(MJ/d)

5.72
5.95
6.26
6.64
6.08
5.89
5.79
6.73

6.14
0.39

5.92
5.81
6.21
5.56
7.67
6.87
6.76
7.91

6.59
0.87

7.00
7.26
7.00
7.62
8.10
6.84
8.58
9.58

7.75
0.95

8.30
7.49
8.64
8.28
9.75
8.00
9.55
9.57

8.70
0.83

7.29
1.26

Estimated
BMR(MJ/d)

6.29
6.15
6.79
8.22
6.34
6.24
6.56
7.34

6.74
0.71

6.75
6.80
6.85
6.54
7.84
7.55
7.23
7.82

7.17
0.51

7.82
7.64
8.33
8.67
8.22
8.52
8.56
8.32

8.26
0.36

8.40
8.64
9.46
8.80
8.40
9.42
9.65

10.19

9.13
0.66

7.82
1.09

Difference
(%)

+ 8.99
+ 3.27
+ 7.79
+ 4.17
+ 4.20
+ 5.40
+11.71
+ 8.20

+ 6.71
2.92

+12.30
+14.57
+ 9.30
+14.92
+ 2.18
+ 8.95
+ 6.50
-1.16

+ 8.44
5.73

+10.50
+ 1.11
+15.93
+12.08
+ 1.47

+19.73
-0.17
-15.21

+ 5.68
11.18

+ 1.18
+13.28
+ 8.67
+ 5.90
-16.10
+15.10
+ 1.03
+ 6.12

+ 4.39
9.70

+ 6.30
7.82
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Table 3. Regression of BMR (MJ/day) on Weight Compared with Schofield Equations.

I «en 18-30 N Equation r Mean Weight

This Study 28 BMR= 0.063(wt)+2.29 0.93 75.8

Schofield 2879 BMR= 0.064(wt)+2.84 0.65 63.0

Energy Expenditure of Controlled Activities

The energy cost of the programmed activities that the subjects undergo for 7 hours were tested
to optimize the measurement time with the Oxilog. The activities of walking with a metronome at 110 steps/min;
wall construction and walking on a treadmill at 4.98 km/h at zero slope were measured independently in 12 male
volunteers for a period of 5,10 and 15 minutes, with a previous 5 minute adaptation period in which the Oxilog
is used in the same manner as in the measurement except for the nose clip.

Analysis of variance showed no significant difference in the walking activity at any of the three
times (p>0.94); similar results were obtained for wall construction (p>0.72) and for the treadmill (p>0.99). The
energy cost extrapolated to 24 hours was 27.2,33.78 and 35.89 MJ respectively (Table 4). From this data it was
decided to make readings in the first 5 minute period.

Gas Recoveries and Calibration

An alternative calibration system to that provided by the manufacturer (based on ethanol) was
designed in order to test the system. A metal insulated tank was used to collect the gases of a propane bum
regulated to the level of energy expenditure of the actual measurements. Table 5 shows the result of 43
calibrations performed at a regular basis while actual measurements were being performed.

Calibration gas burns for the Deltatrac were in the range 5.4 to 10.2 MJ/day and the percent
oxygen recovered was 99.69. For oxygen the frequency distribution shows that approximately 70 % of the propane
burns were within the limits of 98-100 % recovery. For carbon dioxide the recoveries had a mean value of 98.7%
and similarily most of the calibrations were in the acceptable range (Table 5). As a results stand there is no
evidende to suggest a change of the flow constant of the Deltatrac. The respiratory quotients showed a mean value
of 0.593, with a sta ndard desviat ion of 0.009 (Table 5), which agrees with expected RO of the propane combustion.
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Table 4. Measurement of Energy Expenditure in Three Activities at Three Periods
Using the Oxyiog Portable O2 Consumption Meter in Adult MaIr Subjects1

i Walking with a Metronom© at 112 «tepstoln

5 min 1OmIn 15 min (p)s

% • • •

I

Mean EE
(KJ/min)

Mean EE
(KJ/min)

18.7»

5min

22.4»

18.7» 19.4«

Construction of a 3.06 m 8 wall

10 min 15 min

23.9« 235«

0.94

(P)

0.72

Mean EE
(KJ/min)

Walking on a Treadmill at 4.98 KmTh

5 min 10 min 15 min (p)

24 .9' 25.1' 24.8* 0.94

1 N = 12 subjects; Mean BMI= 23.21 ; Mean Weight= 68.47 kg
2 Means with equal superscripts are statistically equal at the given probability level.

Table 5. Oxygen and Carbon Dioxide Recoveries by Propane Gas Bum in the DeHatrac
Ventilated Hood System

Means ± SD, Range

EE Percent Gases Recovered

N

43

(MJ/d)

7.67

±1.43
(5.4-10.2)

BQ

0.593 99.69

CO4

98.70

±0.009 ±1.80 ±1.61
(0.57-0.61) (96.75-104.6) (95.24-101.9)

Frecuancy Dlatrifeflion for Qa.» fta^gyfflffift*

Recovery, % Frequency, %

96- 98
98 • 102

>102

V 2

18.6
69.8
11.6

CO2

32.55
67.45
0.00
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INTRODUCTION

The reports of the New Guinea Nutrition Expedition of 1947

by Hipsley & Clements (1950), initiated considerable

interest in the populations studied, as they showed low

intakes of energy, protein and other nutrients in adults who

appeared physically we11-developed and exhibited no signs of

malnutrition. Many studies since then, on groups whose diet

consists mainly of the root crops sweet potato (Ipomoea

batatas) or taro {Colocasia esculenta) have consistently

shown low intakes of protein of about 3Og, in conjunction

with apparent negative nitrogen balances (Oomen, 1961;

Hipsley & Kirk, 1965; Oomen & Corden, 1970; Norgan, Ferro-

Luzzi and Durnin, 1974; Fujita et al, 1982).

These studies have shown a number of adaptive mechanisms to

be in existence in Papua New Guineans, however the work

protein metabolism was carried out in the relatively

uncontrolled village environment. It was therefore important

to repeat experiments under more controlled conditions.

Further investigations of the question of adaptation have

been prevented by methodological and logistic difficulties.

With the availability of analytic facilities at the

University of Queensland, it became possible for work to be

carried out in Papua New Guinea (PNG), and prompted the

Institute of Medical Research to propose a study of nitrogen

balance and protein turnover of coastal Papua New Guineans

consuming different diets.
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RESEARCH CARRIED OPT

The institute's work plan within the context of the Co-

ordinated Research Programme has been completed, namely to

measure protein metabolism and nitrogen balance at three

levels of protein intake:

1. A protein-free-diet (PFD) based on sago (Metroxylon spp.)

and oatmeal, providing a nitrogen intake of about 20mg/kg

body weight/day;

2. A high-protein-diet (HPD) based on rice and fish,

providing a nitrogen intake approximately twice that

recommended by the FAO/WHO/UNU (1985).

3. The subjects traditional diet (TPD) which is based on

taro and sweet potato, providing approximately 100mg/kg/day.

A total of 9 young men, 8 per experiment, from the village

of Buksak in Madang Province of coastal Papua New Guinea

were studied.

The protocol for each experimental period was the same as

that given in the previous report and will not be discussed

further.

To date the majority of the urine, faecal, food and serum

samples have been analysed for nitrogen, energy, urea and

ammonia, however, some checks have to be completed. This is

taking some time because the Kjeldahl apparatus in the

Nutrition Laboratory of the Institute of Medical Research

has not been functioning properly and it has been difficult

to locate the problem. It is hoped that the problem will be

solved and analysis completed in the very near future.

The analysis of the urine and serum samples for 15N has not

been completed because the University of Queensland's new
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mass spectrometer took longer than expected to get on-line.

There was also a backlog of samples from other organisations

which have been given a higher priority. It is hoped they

will be processed in the near future.
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RESULTS

Urinary Data

(a) PFD: Mean urinary nitrogen (N), average over days 7 to

10, was 890 ± 375mg/day. Expressed per kilogram of body

weight, the obligatory urinary N (OUN), was 19.5 ±

8.8mg/kg/day, and in relation to predicted basal metabolic

rate was 0.15 ± 0.07mg/kJ/day. Analysing the pattern of

urinary N excretion after subjects had changed from an

adequate to a PFD using the non-linear equation (Rand et al,

1976),

Y = -P2t

This curve was fitted to the data and the following equation

derived,

Urinary Nitrogen ~ 37.19 -0.374t 17.81

Mean urinary energy was 103.3 ± 43.5kJ/day, or 2.20 ±

l.03kJ/kg/day.

(b) HPD: Some 24-hour urine samples are being checked for

urinary N and are therefore not included in the following

results. The mean urinary N of six subjects was 4.66 ±

2.10g/day, or 101.7 ± 47.3mg/kg/day. Mean energy content was

512 ± 260kJ/day, or 10.8 ± 5.5kJ/kg/day.

Plotting cumulative N excretion against time produces a

curve, which becomes a straight line when the rate of

excretion stabilises, and the gradient of this is equal to

the equilibrium rate of excretion. This method gives a mean

role of urinary N excretion of 107.7mg/kg/day.

(C) TPD: Results not available.
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Faecal Data

(a) PFD: Mean faecal N was 1.90 ± 1.23g/day, or 41.3 ±

28.0mg/kg/day. Mean faecal energy was 191.3 ± l29.7kJ/day,

or 4.2 ± 2.9kJ/kg/day. However, the coefficient of variation

(CV) was very high, about 65%, suggesting excretion had not

stabilised.

(b) HPD: Mean faecal N was 2.30 ± 1.02g/day, or 48.8 ±

22.4mg/kg/day, and energy 153.2 ± 68.1kJ/day, or 3.3 ±

1.6kJ/kg/day. Again the CV was high, about 45%.

(C) TPD: Results not available.

Serum Data

Mean serum urea increased concomitantly with an increase in

protein intake, the figures were: (a) PFD: 4.49 ±

1.55mg/100ml; (b) TPD: 6.15 ± 4.19mg/l00ml; and (c) HPD:

8.95 ± 1.59mg/100ml.

Intake Data

Results not available.

Turnover Study

Results not available.
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CONCLUSIONS

As stated in the Progress Report of 31-5-89, we estimated

OUN for our subjects to be approximately 18mg/kg/day, a

figure that is lower than that given for PNG highlanders

(Fujita et ai, 1984), and Chinese (Huang et al, 1972),

Japanese (Inoue et al, 1974), Nigerians (Nicol & Phillips,

1976), Chileans (Uauy et al, 1982), and Caucasians (Young &

Scrimshaw, 1968; Calloway & Margen, 1971; Rand et al, 1976).

These 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. It is hoped that the

results of the turnover part of this project will shed some

light as to what mechanisms are contributing to the low OUN

levels. Nevertheless, dietary intakes of protein are known

to be low in this region (Norgan et al, 1974) and the low

OUN levels suggest at least partial adaptation to them.

Mean urinary N excretion on the HPD was approximately

105mg/kg/day, the mean of the last four days being similar

to the figure from the cumulative excretion curve.

Mean faecal N on the PFD, 41.3mg/kg/day, is similar to that

reported for Indians (Gopalan & Narasinga Rao, 1966 and

Nigerians (Nicol & Phillips, 1976), where a high fibre diet

was given in the experiment. However, it is significantly

higher than those of other studies, in which synthetic or

low fibre diets were used. The high estimate obtained is

consistent with the results of Oomen & Corden (1970), who

showed high faecal nitrogen levels in PNG highlanders

consuming their normal sweet-potato diet.

As a result of the low urinary nitrogen and high faecal

nitrogen, the mean total loss (60.8mg/kg) was similar to

that in other studies. Slight differences in the diets used

mean that results are not really comparable. However, these

differences illustrate the importance, as recommended by
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FAO/WHO/UNU (1985), of adjusting for differences in

digestibility when estimating safe levels of dietary protein

intake.

Mean faecal nitrogen on the HPD, 48.8mg/kg/day, is only

slightly greater than that of the PFD.

With the obligatory losses we have attempted to calculate

the intake that would be required for maintenance of

nitrogen balance by the factorial method. By this method we

have derived a figure of 0.93g protein/kg, or l48mgN/kg,

assuming the quality of the protein in the diet to be

similar to that of a Western diet. This figure is higher

than that given by FAO/WHO (1973), however, the requirement

should be even higher because the traditional diet of people

in the region is of a much poorer quality (Norgan et al,

1974) .

We have also used the intake and balance data from the PFD

and HPD to calculate the maintenance requirement. The intake

data is not the correct figure, because samples are still

being analysed, but has been calculated using figures in

food composition tables (Paul & Southgate, 1979). Plotting

intake against balance, a zero balance is equivalent to a

protein intake of 20g/day, 0.43g/kg/day, or 68mgN/kg/day,

figures are under half those estimated by the factorial

method. We believe the figure derived from the balance data

is more realistic because of the many assumptions and

corrections that are made in the factorial method. However,

there is some error in the balance data because a straight

line has been drawn between the two means, and no account

has been taken of the decreased utilisation that occurs

around zero balance (FAO/WHO, 1973). Adjusting for this,

adding 30%, a figure of 88mg/kg is obtained.

The figure of 88mg/kg/day is about 75% of that for PNG

highlanders (Fujita et al, 1982) and young Japanese Inoue et
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al, 1973) and 92% of the value suggested by the FAO/WHO/UNU

(1985). It is 28% greater to the minimum egg requirements of

Americans (Calloway & Margen, 1971), which is a diet of

higher quality than that consumed in this set of

experiments.

From the values for obligatory losses and assuming a value

of 88mg/kg for the maintenance nitrogen requirement, it can

be estimated that dietary nitrogen is utilised with an

efficiency of about 69%. This differs from the efficiency of

protein utilisation by healthy adult Japanese and highland

Papua New Guineans (Inoue et al, 1973 & 1974; Fujita et al,

1982 & 1984), and similar to Americans (Calloway & Margen,

1971).

The serum urea levels were positively correlated with

protein intake, nevertheless levels on all three diets were

less than half the normal levels given by Bold and Wilding

(1978), of l8-45mg/l00ml. Taylor, Scrimshaw & Young (1974)

have suggested that serum urea nitrogen may be of value in

estimating the efficiency of nitrogen utilisation. They

found an inverse relationship between serum urea, and the

indicators net protein utilisation and biological value.

Therefore, from this we can say the group studied utilised

the utilised the ingested protein very efficiently, hcrfever,

Taylor et al (1974) did have some reservations as to the

accuracy of this prediction.
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FUTURE WORK PLAMS

The immediate plans of the Institute of Medical Research are

to extend this work to the highlands of Papua New Guinea, to

confirm, or refute, the work carried out by the Japanese

group from Osaka University. Contacts with villagers from

the Asaro Valley in Eastern Highlands have been developed

over a number of years by other members of the Institute of

Medical Research, and all are agreed that this would be a

good area to carry out the work. Here sweet potato is the

staple food and vegetable protein makes up over 90% of the

diet.
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1. Introduction

The use of the stable isotope '5N in nitrogen turnover studies has been frequently

reported in literature. Most 15N studies are concerned with determinations of nitrogen pool

sizes, nitrogen fluxes and protein synthesis rates [1-5], and the most preferred labelled

compound is by far "N-glycine. Isotope analysis was performed either on nitrogen-gas from

total nitrogen or directly on glycine using the GC-ES method.

The aim of this work was to compare the distribution of 15N between body fluids of

infants in healthy subjects and in subjects suffering of intestinal malabsorption, with the final

intention to contribute to the clinical characterization of the malabsorption status. The

investigation extended on two children hospitalized for other than digestive diseases, called

"healthy subjects" and on three subjects suffering from severe dystrophy and enteropathy

syndrome, being suspected of intestinal malabsorption.

" Paediatric Clinic, University of Medicine and Pharmacy, Cluj-Napoca, Romania
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2. Description of research

The single dose and the end product method were used. Some data for the subjects

investigated are given in Table 1.

Table 1: Subject data

Subject

age (years, months)

weight.kg.
15N-glycine dose

mg 15N/kg

HG

Iy 4m

8.5

3.84

BA

14y

60

1.38

PB

10.5m

7.8

3.93

TV

11m

5.6

3.75

SN

Iy Im

6.0

3.61

The first two represent healthy subjects while the last three are malabsorption patients.

All were given orally a single dose of 15N-glycine in the morning before eating, followed by

24 hours urine and faeces collection for two days in the healthy group and for three days in

the malabsorption group. Blood samples were taken 30 and 60 minutes after glycine

administration and in the malabsorption patients also after two hours.

For the analysis of glycine in serum and urine the samples were deproteinized with 5%

sulphosalicylic acid, the amino acids were purified on a Dowex 50 W X 8 ion exchange resin

and finally analyzed by GC-MS as trifluoracetyl-buthyl ester derivatives. Isotope analysis

was performed on the fragment ions of glycine m/z 154 and m/z 155 in the case of serum

and on ions m/z 172 and m/z 175 in the case of urine because in urine some interferences

from other compounds were observe, on the glycine peak at m/z 153, m/z 154 and m/z 155.

Glycine concentrations were determined by isotope dilution mass spectrometry.

For total nitrogen analysis in urine and faeces the Kjeldahl method was used and

isotope analysis was finally performed by mass spectrometry on nitrogen gas.
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3. Results

Isotope concentrations of 15N and glycine concentrations obtained in serum are shown

in Table 2.

Table 2: I5N-Glycine in serum

Subject

atom %I5N in GIy

serum 30 min.
serum 60 min.

serum 120 min.

HC

22.3
12.5

-

Glycine in serum pgGly/ml

serum 30 min.

serum 60 min.

serum 120 min.

ratio '-N/Gl.v dose

% '*N.kg/mg 1SN

serum 30 min.

serum 60 min.

serum 120 min.

29.1

16.7
-

5.81

3.26
-

BA

16.3
17.9

-

37.9

35.8
-

11.8

12.9
-

PB

13.7

6.8
4.6

39.7

33.1

26.0

3.46

1.74

1.17

TV

12.6

9.9
6.2

38.3
31.0

30.1

3.35

2.65

1.65

SN

14.0
14.8

5.5

42.1

40.9

35.6

3.86

4.10

1.52

15N concentrations show significantly lower values in the malabsorption group as well

as a tendency to decrease slower, as expected from slower absorption rates. Assuming in

infants 75ml blood/kg body weight the serum glycine data account for only about one third

of the glycine pool value of 90/xmoles/kg reported [2].

15N-Glycine data found in urine are shown in Table 3. The data show much smaller
15N-Glycine concentrations as compared to serum, apparently without significant differences

between the healthy and the malabsorption groups, due to very large variations of glycine

concentration in urine. Significant differences appear, however, in the 15N-glycine quantity

eliminated which is 2-4 times smaller in the malabsorption group.
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Table 3: 15N-Glycine in urine (days I - III)

Subject

15N-GIy excess

atom % 15N

Glycine concentration

Hg Gly/ml

15N-GIy elimination

mg 15N Gly/day

Total HII

mg 15N GIy eliminated

15N GIy eliminated %

I
II
III

I
II

III

I

II
III

I

of dose

HC

2.19

1.39

-

96.0

107
-

0.79

0.17

-

0.96

0.57

BA

2.73

1.37

-

219
230
-

1.43

0.99

-

2.42

0.57

PB

3.13

0.90

0.37

18.0

24.4

5.1

0.17

0.026

0.01

0.21

0.14

TV

2.74

1.46

0.15

10.0

33.0

68.1

0.033

0.072

0.015

0.12

0.11

SN

0.40

1.24

0.16

72.7

58.9

67.1

0.073

0.11

0.043

0.23

0.21

The same correlation is valid for the total nitrogen data in urine, shown in Table 4.

except for the fact that 15N excess values are about ten times smaller, 15N being diluted in a

large total nitrogen quantity, and that the relative differences in 15N elimination between the

two groups are smaller. Total nitrogen data in faeces are shown in Table 5. 15N excess

values are small but there are large differences in the total nitrogen content of dried faeces.

The 15N eliminated in the malabsorption group shows large day-to-day differences as well as

inter subject differences.
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Table 4: 15N in urine total nitrogen (days I - III)

Subject

15N excess
atom %

total nitrogen
mg N/ml

15N elimination
mg I5N/day

total I - III
mg 15N eliminated

15N eliminated % of

I
II
III

I
II
III

I
II
III

dose

HC

0.276
0.049

7.84
7.23

8.11
0.41

8.52

26

BA

0.081
0.091

13.8
12.8

2.68
3.66

6.34

7.6

PB

0.261
0.089
0.097

2.8
5.86
1.57

2.19
0.62
0.88

3.69

12

TV

0.356
0.023
0.012

1.51
4.24
12.8

0.64
0.15
0.23

1.02

4.8

SN

0.184
0.021
0.004

6.54
11.5
5.52

3.01
0.36
0.09

3.46

16

Table 5: 15N in faeces total nitrogen (days I - III)

Subject

15N excess
atom %

total nitrogen
mg N/g (dry faeces)

15N elimination
Mg 15N/g (dry
faeces)

total 15N eliminated
mg 15N (days I - III)

15N eliminated % of

I
II
III

I
II
III

I
II
III

dose

HC

0.097
0.097

9
9

1
1

0.05-0.07

0.15-0.21

BA

0.055
0.211

9
9

5.0
19

2.5-3.5

3.0-4.2

PB

0.011
0.055
0.013

51.5
51.8
59.3

5.7
28.5
7.7

0.8-1.2

2.4-3.8

TV

0.078
0.047
0.082

54.6
41.3
34.8

42.6
19.4
28.5

2.7-4.4

13-21

SN

0.017
0.111

37.7
58.8

6.4
65.3

0.8-1.4

3.7-6.5

Concerning the total 15N eliminated there are some uncertainties due to failure to
determine the dry weight of faeces. The estimated total 15N elimination seems, however, to
support higher values for the malabsorption group.
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4. Conclusions

The data obtained for two healthy and for three malabsorption subjects support lower
15N elimination in urine and higher elimination in faeces for the malabsorption group.

The study should continue to obtain a larger statistical basis and to attempt to reduce
the cost by reducing the 15N glycine dose.
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1. 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, where appropriate, to train

workers in the use of calori metric techniques and in the principles and practice of the doubly

labelled water (DLW) method, to purchase the 2H2
18O for DLW studies and to prepare 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 CO2 production will also be carried out at the Rowett Institute.
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2. Description of Project

Knowledge of whole body energy expenditure is important if we are to make accurate

estimates of energy requirements for optimum health. This project is concerned with

applicability of the WHO/FAO/UNU (1985) energy requirement prediction equations to

individuals in developing countries where adaptation to low intakes may occur by

metabolic/behaviourial means or via the effect of chronic undemutrition on body

composition. In order to include the variable of body composition we have decided to widen

the scope of the project to select subjects with a range of body composition and to quantify

the energy cost of set activities and free living energy expenditure over an extended period

in these individuals. Thus, with this minor addition to the criterion of subject selection and

with some additional measurements of the energy cost of set activities we will greatly expand

the scope and usefulness of this project.

On the successful completion of this study it should be possible to evaluate the

applicability of the WHO/FAO/UNU prediction equations to individuals in developing

countries and, where appropriate, to identify whether any discrepancies can be ascribed to

metabolic/behaviourial adaptation or to the effects of chronic undemutrition on body

composition. Thus, the outcome of this study will be of great importance in the verification

and refinement of the WHO/FAO/UNU equations for prediction of energy needs in

developing countries.

3. Training visits and isotope distribution.

Because production of H2
18O does not yet meet the world demand we still have not

received all of the H2
18O ordered; the last delivery will be in May 1991.

During November 1989, Drs Haggarty and McNeill from the Rowett visited CIAD

in Mexico to work with Dr Valencia for three weeks on his calorimetric facilities and

equipment for measuring body composition, to train the staff of CIAD in the principles and

practice of the DLW method and to further refine the agreed experimental protocols. Dr

Haggarty also carried the prepared DLW doses to Mexico at this time. In August of 1990

Dr. Valencia returned to Aberdeen to discuss preliminary findings and to continue his

training in techniques for measuring energy expenditure and assessing body composition.
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Dr Shailesh Kumar from St. John's Medical College visited the Rowett Institute for

three weeks in October 1990 to be trained in mass spectrometry since this group is in the

process of setting up a mass spec facility in Bangalore. Dr. Kumar was instructed in the

principles and practice of mass spectrometry and in our methods of preparing CO2 and H2

from biological fluids. The isotope purchased with money from IAEA was given to Dr.

Kumar at this time to transport back to Bangalore so that they could proceed with their

proposed studies.
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1. Introduction.

Two thirds of the infant patients attending the paediatric services in Uruguay suffer

from diarrhoea. Half of the present day infant mortality rate of Uruguay (20 0I00) is

ascribed by the national health officials to the combined action of undernourishment and

dehydration resulting from diarrhoea, which affect most strongly the poorer social sectors.

The most common cause for diarrhoea in Uruguay is lactose intolerance of different

origins (genetic, following the populations racial composition; acquired, through mucosal

damage by diseases, medication and other injurious situations, etc.).

These different causes of diarrhoea in children, ranging as mentioned from the

infectious to the genetic, make the development of a simple cheap and fast clinical

determination of its origins quite desirable, as it would simplify the treatment and improve

the time scale in which it is introduced to the patient.
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2. Synthesis

The proposed project included the synthesis of adequately labelled lactose, following a

well defined strategy that should result in unambiguous labelling in specific positions. As

previously mentioned, given the cost of C-13 labelled synthons, an adequate development of

the technique is required, so as to obtain the best possible yields in the different steps.

Two alternative routes have been approached, one resulting in mono-labelled lactose

(Cl), the other in doubly labelled products (Cl;C'l).

The training of a research student in the techniques has advanced, and at present we

have produced 50 g of the galacto arabinose derivative. NaCN has been added to this

compound, which was later hydrolysed by boiling with Ca(OH)2 to yield calcium lactobionate

and the lactobionic acid lactone. The synthesis of glucose has been completed via the nitrile,

its hydrolysis and separation of the glucono- and mannono- acids as their barium salts by

crystallization. The separated samples were acidified to their lactones. Several alternative

hydrogéné tion techniques have been tried to take th . !actone to glucose. These techniques

have to be improved a bit further, prior to introduction of the labelled synthons.

3. Installation of NMR facilities.

The initial goal of the project from our standpoint was the installation of adequate NMR

facilities with heteronuclear capabilities. In 1989 the Facultad de Quimica received a

donation from the Zurich ETH, and two obsolete XL-100 machines had been shipped to

Montevideo. The installation of the machine has advanced to the trial aiid control phase.

The improvement of the cooling water and electrical supplies has almost been completed,

except for the installation of a specific sub-station.

The heat exchanger, water pump, power supply, magnet, internal electrical wiring,

oscilloscope, frequency meter, computer and operation console were completely overhauled,

and the equipment was operated under FT conditions. A visit was completed of the local

operator to Buenos Aires, to check a similar apparatus, and the colleagues from Buenos Aires

visited Montevideo to complete the checking. The first complete measurement of proton

signals was completed under FT conditions two weeks back.
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4. Analytical methods.

The development of a simple analytical method was discussed in the previous CRP

meeting, and became necessary given the advance of the synthetic procedures. TLC

methodology was introduced as a reasonable way of determination of the mono and

disaccharides present in this study.

An initial procedure that was tried was based on the use-of cellulose plates. The

results, both relative to the solvent systems used and the developing agents, were not

encouraging.

A second procedure was based on the use of Silica Gel plates, using rather polar

solvents. Eventually, a solvent mixture BuOH-EtOH-H2O (5:3:2) with a developing spray

of anilinediphenylamine-orthophosphoric acid (5 VoI 5% in EtOH; 5 VoI; 2 VoI) gave good

and consistent results. The monosaccharides interesting to this study could be observed as

blue-grey spots in the 0.40-0.35 Rf range, maltose at 0.30 Rf, saccharose at 0.27 and lactose

at 0.23. The spots were well defined and separate, and only in the presence of a complex

mixture of all the possible sugars gave bad separations.

Standard samples of glucose (10.54 mg/ml), galactose (10.00 mg/ml) and lactose (12.33

mg/ml) were prepared. Direct samples, 1/10 and 1/100 were prepared and 1 /tl spots were

used. The 1/10 and 1/100 dilutions covered the visualization range.

Given these results, collaboration was established with Prof.Dr. Rodolfo Maggi (Head,

Paediatric Division, Pereyra Rossell and Facultad de Medicine) and Dr. Cristina Servetto,

(member of the Clinical Analysis Laboratory, Facultad de Quimica). With their collaboration

samples of faeces from children were obtained. The treatment of the sample starts with

dilution with distilled water to a homogeneous mixture, centrifugation and filtration. 3 pi

samples of the above were used for spots, and sugars could be observed in certain cases.

Thus, the direct method seems capable of utilization for determination of the presence or

absence of sugars.

Prof. Maggi has started a clinical project for the collection of samples to be processed

in the above procedure under this project. The possibility of establishing whether there are

other intolerances to disaccharides on top of that to lactose will be determined.
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REFERENCE MATERIALS AND EVALUATION OF THE

PRECISION AND ACCURACY OF THE DLW METHOD.

Paul Haggarty

Rowett Research Unit, Aberdeen, United Kingdom

In its simplest form, CO2 production (rco:) is calculated as half the difference

between the 18O and 2H flux; division by two is necessary because oxygen atoms from two

water molecules are incorporated into one molecule of CO2. The 2H and 18O flux rates

(FIuX2H and Flux"o in mass per unit time) are calculated as the product of the rate constant

for isotope dilution (k) and the isotope distribution space or pool size (N).

FIuX180 = N180X k180 (1)

Flux2H = N2H x k2H (2)

N2H and N180 are calculated from the weight (A(g)), enrichment (A(ppm)), and molecular

weight (A(mwt)) of the dose administered, the enrichment (B(ppm)) and molecular weight

(B(mwt)) of the background water before dosing, and the initial enrichment of the body water

after dosing (Init(ppm)).

A (g) . (A (ppm) - B (ppm)) B (mwt)
N ( g ) = .

A (mwt) Init (ppm) - B (ppm) (3)

It is important, however, to assess the precision and accuracy of these derived

parameters so that we may specify our level of confidence in the final value for rco :. One

method of validating the technique is to compare isotopically determined rco : with that

measured in a respiration chamber. However, this type of verification is very expensive and

difficult to carry out, also, it would be impractical to perform such an exercise in all groups

studied.

Methods of evaluating the effect of machine errors on the precision and accuracy of

the DLW method were discussed at the last RCM in Vienna. It was noted that the enriched

IAEA water standards could either be used to calibrate laboratory reference waters or to
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check the accuracy of laboratory reference waters previously calibrated against SMOW and

SLAP. By repeat analysis of these standards it would also be a simple matter to obtain a

value for precision. However, it is our experience that many of the problems which reduce

mass spectrometer precision become more pronounced when samples rather than reference

waters or standards are run. Therefore, in order to obtain a realistic estimate of mass

spectrometer performance the precision and accuracy should be assessed under the conditions

prevailing during sample analysis. It is proposed that an artificial decay curve, analyzed as

if it were experimental material, be used to evaluate the contribution of measurement error

to the precision and accuracy of the method.

In the DLW method there are three main categories of sample; background

unenriched samples, diluted dose material and sequential samples of body fluids where the

enrichment declines with sample number (i.e. time). The initial enrichment after 2H2
18O

administration can be obtained in two ways. The isotope can be allowed to equilibrate

throughout the body over a period of hours prior to the determination of the water

enrichment (plateau method) or a number of daily enrichments can be extrapolated back to

the instant of dosing (extrapolation method). The rate constant can be computed either from

exponential curves fitted to a number of isotope enrichment data points (Fig. 2a), or as the

gradient between two log transformed data points, one at the beginning and one at the end

of the study. These sample categories, represented graphically in figure 1, can be simulated

by a series of dilutions of the dose material. The 'analogous' samples can then be analyzed

and the derived values of pool sizes and flux rates checked against the values predicted from

the dilution factors.

The background sample and initial enrichment used in equation 3 to calculate pool

sizes can be simulated by a simple dilution of the dose material (figure 2). The exponential

decay curve can be simulated by serial dilutions of the dose material. It should be noted that

the 2H2O and H2
18O doses must be mixed (as is normal practice) before performing the serial

dilutions. An example of the 2H2O and H2
18O enrichments from such a decay curve generated

in this laboratory are given in figure 3. The dilution factors were chosen to simulate a decay

curve with a rate constant of 0.1 per day, i.e. a rate constant of the same order as that

normally found in human subjects.

The absolute accuracy of the pool sizes and flux rates can be verified from the

dilution factors used. There is, however, an even simpler test of the accuracy of the more

important parameter of rco2. Because the doses are mixed before dilution the pool sizes and

flux rates for 2H2O and H2
18O should be identical and, since rco2 is essentially the difference
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between the two flux rates, the value for TCO2 should always be zero. Any significant

deviation from a value of zero indicates a systematic error in either the mass spectrometer

measurements or in the methods of calculation.

The results of such an analysis using the data presented in figure 3 are shown in

figure 4. It can be seen that the rate constants for both 2H2O and H2
18O are very close to 0.1

per day as intended and the flux rates (calculated using a pool size of 3000Og) differ by only

3g per day. This would result in an error on rco2 of approximately +2 litres per day; i.e.

well within the precision of the method.

If however, after following this procedure, there is significant bias in any of the

parameters the first step should be to check the calculations, if these are correct then the

accuracy of the laboratory reference waters should be verified by running these against the

enriched IAEA water standards. In the unlikely event that bias still persists after excluding

the above then there must be a problem with some aspect of the run order; for example, a

memory effect.

This procedure is simple, inexpensive and, if such an 'analogous' set of samples is

analyzed with each experiment, it provides an useful check on the accuracy of results

obtained with the DLW method.
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Figure 1
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Figure 2

PREPARATION OF ARTIFICIAL INITIAL ENRICHMENT
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Figure 3

PREPARATION OF AN ARTIFICIAL DECAY CURVE
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Figure 4

DEUTERIUM ARTIFICIAL DECAY CURVE
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HEPATIC PROTEIN METABOLISM IN MAN

P.D. Klein
Children's Nutrition Research Center, Houston, U.S.A.

Background

The liver serves a variety of vital functions in protein and amino acid metabolism and
traditionally studies of hepatic amino acid metabolism and plasma protein concentrations have
been used as functional indices of nutritional (especially dietary protein) status. Advances
both in the sensitivity and accuracy of mass isotopic analysis of amino acids, including the
use of multiple labels, and in protein separative techniques have expanded the scope of
investigations away from hepatic nitrogen amino acid metabolism towards measurements of
the synthesis of a variety of functionally important plasma proteins of hepatic origin.

Animal studies have established that the cellular utilization of amino acid acids is
compartmentalized. The results of these investigations have shown that amino acids
transported from the extracellular phase are not only diluted by amino acids arising from
intracellular protein breakdown but that these two sources of amino acid may have different
metabolic fates. Recent data in man have substantiated these observations. Together these
observations complicate the interpretation of amino acid and protein labelling studies. The
liver poses a particular problem in this respect because it also receives a third and variable
input of amino acids from the diet.

Recent work has offered a solution to this problem. Because of continuing protein
turnover all proteins will eventually attain an isotopic equilibrium with their precursor amino
acids and the more rapid the turnover of a protein the shorter will be the time taken to
achieve isotopic equilibrium. Apolipoprotein-BlOO circulating in the very low density
lipoprotein particle has a very rapid turnover rate (half life approximately 1.5 hours in
normolipidemic individuals). This is partly because it does not equilibrate into the
extravascular space and partly because once the VLDL particle has been processed to
lipoprotein particles of higher specific gravity the apoB-100 is not recycled. Furthermore
apoB-100 is almost exclusively ( > 98%) of hepatic origin and recent studies have shown that
during a conventional constant infusion protocol the protein achieves a plateau in isotopic
enrichment. Thus it provides a direct index of the isotopic enrichment of the hepatic amino
acids from which plasma proteins are derived. Finally this protein can be isolated in a pure
form by simple chemical extractions of the VLDL lipoprotein fraction of plasma.

These observations open up a number of important possibilities for expanding our
understanding of hepatic protein metabolism in a wide variety of nutritional, physiological
and pathophysiological states in man. For example:

1. Because sufficient VLDL-apoB-100 can be isolated from plasma, repeated samples can
be obtained. This allows detailed kinetic analysis of hepatic amino acid kinetics and
the interrelationships between dietary protein intake, plasma and hepatic amino acids
enrichments.
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2. These studies can be readily expanded to investigate such questions as 'metabolic
channelling of systemic and hepatic portal (dietary) amino acids.

3. The plateau enrichment of VLDL-apoB-100 also allows direct measurements of the
isotopic enrichment of the pool of amino acids that is utilized for hepatic secretory
protein synthesis. This in its turn allows the labelling kinetics of other plasma proteins
to be converted to accurate measurements of their synthetic rates.

As a result of our recent studies we believe that labelling protocols can be designed that
are of sufficient technical simplicity that they could be applied away from specialist
metabolic facilities.

Typical protocols

1. Conventional primed-constant infusion

This method has been applied to the study of a wide variety of metabolic conditions.
The subject receives an infusion for up to 10 h. and repeated blood samples (approximately
10 x 5 ml) are taken. This approach allows the measurement of the synthetic rate of the
rapidly turning over "marker" protein (apoB-100) as well as its plateau enrichment and hence
the enrichment of its precursor amino acid. This method is readily adapted to the study of
the synthesis of other plasma proteins and lends itself to the use of frequent oral dosing as
the means for isotope administration.

2. Over-primed constant infusion

In our initial studies we showed that if the subject received approximately 3 times the
normal prime dose the temporary high enrichment of hepatic amino acids led to a marked
shortening in the time required to bring apoB-100 to plateau. This is the protocol of choice
if the primary objective is to investigate the isotopic relationships between plasma and hepatic
amino acids. The approach does not allow the easy calculation of the synthesis rate of apoB-
100 and complicates the interpretation of the labelling kinetics of other proteins. However,
if a comparatively large number ( - 10) of samples can be taken over the first 90 minutes and
if the investigator has access to a kinetic modelling program these difficulties are not
insurmountable.

3. Single (""bolus") administration

This approach avoids the need for infusion pumps and minimizes restriction on the
subject. However, to realize the full potential of this approach a comparatively large number
of blood samples must be taken and access to computerized kinetic analysis programs is a
necessity.


