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SUMMARY REPORT 

1. INTRODUCTION 

The Co-ordinated Research Programme (CRP) on Applications of Stable Isotope 
Tracers in Human Nutrition Research was established by the Agency in October 1 988 and 
was completed in 1992. At various times during this period the CRP encompassed 16 
participants in 16 countries (table 1). Its general objective was to help establish 
competence in the use of stable isotope techniques, particularly in developing countries, 
and particularly with reference to applications of 2 H, , 3 C, 1 5 N, and , 8 0 in human nutrition 
research. Thereby it was hoped that it would be possible (i) to identify centres and 
scientists throughout the developing world who could use stable isotopes in human 
nutrition research, (ii) to assess the need for methodological adaptations for isotope-based 
methods in developing countries, and (ili) to advance the competence of the participants 
in using stable isotopes as tracers of human metabolism. In addition it was expected that 
the CRP would make a study of some major questions which have been identified by 
international groups of nutrition experts, particularly in areas relating to energy and protein 
metabolism. 

Research Co-ordination Meetings were held in Vienna, Austria, in June 1 989 [1 ], in 
Bangalore, India, in November 1990 [2], and in Houston, USA, in April 1 992 [3], Reports 
on these meetings are available from the Agency on request. 

This document comprises copies of the working papers submitted by all CRP 
participants who contributed a final report on their project. These reports includes details 
of the rationale, methods, results and interpretations from each of the respective studies. 
Also included in this document (p. 93) is a similar report from a research contractor in the 
Philippines. Although this contractor was not a formal participant in the CRP, the work 
described is nevertheless relevant to the general objectives of the CRP. 

2. SUMMARY OF MAIN ACHIEVEMENTS 

The main achievements of the CRP were in areas relating to energy metabolism, 
protein metabolism and methods development. 

Energy metabolism 

The FAOAA/HO/UNU estimates of energy requirements are calculated on the basis of 
body mass 14]. However, in the chronically underfed, body mass is reduced and therefore 
estimates based on body mass may be invalidated. Because of this, studies on the 
requirements for dietary energy intake in populations at risk of chronic under-nutrition are 
often confounded by reductions in body mass. 
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Within the CRP a sub-group of four participants (in the UK, India, Malaysia, and 
Mexico) attempted to address this important issue by controlling for the effects of reduced 
body mass index (BMI) in tests of two central hypotheses: 

a. The basal metabolic rate (BMR) per unit of body mass in the underfed is the 
same as the BMR per unit body mass in persons with low BMI but who have 
adequate access to food. 

b. The multiple of BMR which predicts total daily energy intake requirements in 
the well-fed is the same multiple that predicts requirements in the chronically 
underfed. 

Some of the salient findings were: 

i. The BMR estimated by the FAO/WHO/UNU equation exceeds by nearly 20% 
the measured BMR in adults of both genders, and the overestimates are 
independent of BMI and percent body fat. 

ii. Total daily energy expenditure (TEE) measured by the doubly labelled water 
method in a group of rural people with lower BMI and reduced body fat was 
nearly equivalent to TEE estimated from the sum of BMR and estimates of 
energy expenditure for activity. In the urban group with increased BMI and 
increased body fat relative to the rural group, the TEE estimated by the factorial 
approach exceeded that measured by the DLW method (see Shetty, Noor, 
Valencia, Haggarty et al. on pages 37, 65, 83 and 115). Further studies are 
needed on this important issue. 

iii. Several important limitations to the accuracy and precision, and to analytical 
instrumentation, were emphasized by the multi-centre group, as well as by 
Ferro-Luzzi er al. in their report of growth retardation in African children in the 
Sahel (see p. 53). 

Protein metabolism 

The severe complications of hepatocirrhosis are associated with the protein-energy 
malnutrition, which is a secondary effect of the disease. In China, stable isotopes were 
used in the process of developing a dietary treatment for post-viral hepatocirrhotic 
patients. The new dietary treatment optimized use of standard locally available foods for 
improved metabolic response to nutritional therapy, including improved protein metabolism 
and energy utilization. Isotopic techniques played a major role in demonstrating that 
particular combinations of nutrients were superior to alternative nutritional therapies for 
this population. The research led to direct benefit to the end-user, because the diets that 
were developed are inexpensive, can be made at home, and hence can be used either in 
clinical or outpatient settings. 

Methods development 

To investigate how the liver and other organs are influenced by malnutrition or by 
environmental contaminants, several new isotope-based methods were developed for 
measuring protein metabolism in persons with primary and secondary disorders of hepatic 
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or renal function, for monitoring effects of environmental toxins, and for making differential 
diagnoses of intestinal disorders. Several additional tests were developed based on stable 
isotope tracers to detect Helicobacter pylori infection and monitor its response to 
treatment, to detect failure in enterohepatic bile acid circulation, and to measure the 
hepatic synthetic rate of glycine. Mathematical models and computer programs for data 
analysis were also developed. In addition, a multiple tracer method was advanced which 
may be applicable to measures of protein and energy metabolism, but the method awaits 
further validation and application (Faust et al., p. 27). A study in Romania was done to 
develop an isotopic technique to quantify malabsorption. The results are presented in the 
project report by Culea et al. (p. 101). Development of new methods and extensions of 
the use of existing isotopic methods are described in the report by Klein et al. (p. 133). 

3. OTHER ACTIVITIES RELATING TO THE CRP 

In collaboration with the International Dietary Energy Consultancy Group (IDECG) a 
technical document was published on the doubly labelled water method for measuring 
energy expenditure [5]. This method, which uses stable isotopes of hydrogen and oxygen, 
has recently become established as an imporr^nt new tool for investigating energy 
metabolism. It is the first genuinely non-invasive method for measuring energy expenditure 
in free-living people, providing estimates of habitual energy expenditure over a time period, 
usually, of 10-20 days. It has been used by six of the participants in this CRP. 

The Agency, supported by some of the CRP participants, has also established a new 
initiative with respect to analytical reference materials for stable isotope analysis. Thirteen 
different kinds of stable isotope reference material were prepared and subjected to 
international intercomparison in an exercise involving 40 participants in 20 countries [6-7]. 
These materials comprise 2H-labelled water (2 samples at different levels of enrichment), 
,3C-labelled sodium bicarbonate (2 samples at different levels of enrichment), 13C-labelled 
UL-glucose (2 samples at different levels of enrichment), 15N-labelled ammonium sulphate 
(3 samples at different levels of enrichment), 15N-labelled urea (2 samples at different 
levels of enrichment), and 180-labelled water (2 samples at different levels of enrichment). 

As a direct outcome of the CRP, the need for further research was recognized using 
stable isotope techniques for international comparative studies of amino acid, protein and 
energy metabolism in chronically undernourished people. It has been decided that the 
major focus of this research should be concerned with investigating the impact on protein 
metabolism of infection superimposed on chronic undernutrition [8]. The Agency has 
already initiated a new CRP on this subject with the title "Application of Stable Isotope 
Tracer Methods to Studies of Amino Acid, Protein and Energy Metabolism in Malnourished 
Populations of Developing Countries". It is due to be carried out over the period 
1993-1997. 
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WHOLE-BODY PROTEIN TURNOVER AND ENERGY EXPENDITURE IN 
POST-VIRAL HEPATOCIRRHOTIC PATIENTS. A STUDY USING 
MULTIPLE STABLE ISOTOPE TRACERS TO ESTIMATE PROTEIN AND 
ENERGY REQUIREMENTS AND THE EFFICACY OF A NEW DIET 
THERAPY BASED ON CHINESE FOOD 

Z.Q. XIA, T.C. DAI, W.LUO, Y.E. HU 
Shanghai Second Medical University, Shanghai 200025, China 

Z.D. TANG, X.H. JIN, Q. WANG, J. ZHONG, X.H. ZHU, J.L. XIE, H.L. SHEN 
Rui Jin Hospital, Shanghai Second Medical University, 
Shanghai 200023, China 

Abstract 

L-fl-13C]-leucine and 15N-glycine doubly-labelled tracer experiments re vealed 
accelerated kinetics of leucine, glycine and whole-body protein in post-viral 
hepatocirrhotic patients. Together with the results of nitrogen balance 
measurement, the daily protein requirement of these patients was estimated 
to be higher than 1.2 g/kg/d. Doubly labelled water experiments and 
NaH13C03 experiments revealed that the freely living and basal energy 
expenditure of post-viral hepatocirrhotic patients was not different from that 
in normal subjects with comparable physical and mental activities. For 
those freely living in hospital, the energy requirement is estimated to be 
750-7 60 kJ/kg/d. According to the above results, a therapeutic diet 
formulation based on Chinese food was designed for the patients which 
contained 1.5 g/kg/d of protein and 150-160 kJ/kg/d. 60-70% of the 
dietary protein was of vegetable origin, with a branched chain amino 
acid/aromatic amino acid ratio slightly but significantly higher than the 
common hospital diet. Patients with compensated post-viral hepatocirrhosis 
adapted to the diet rapidly. After two months' therapy, the negative 
nitrogen balance turned positive along with an Increase of body weight and 
urinary creatinine, indicating an improvement of general nutritional status, 
probably with accumulation of muscle protein. The protein metabolic 
function of liver itself was also improved as evidenced by a marked increase 
of plasma albumin and transferrin as well as a correction of the reverted A/G 
ratio. The decrease of urinary urea excretion and plasma glycine flux imply 
that the diet therapy suppressed the accelerated metabolism of protein and 
amino acids in cirrhotic patients. The diet is relatively cheap, can be easily 
handled by the patients themselves, and hence is also applicable to 
outpatients. 



1. SCIENTIFIC BACKGROUND AND SCOPE OF THE PROJECT 

1.1. Scientific background 

Post-viral hepatocirrhosis is a common disease in China and is the cause of 
substantial morbidity and mortality, especially in people aged 21-60 years. The disease 
accounts for an estimated 0.4 to 0.6 percent of the total inpatient hospitalization, a rate 
much higher than that due to alcoholic cirrhosis in China. Since there is no effective 
etiological treatment for hepatocirrhotic patients and since most of the severe 
complications (e.g., encephalopathy, ascites, susceptibility to severe infections) are closely 
related to protein-energy malnutrition which frequently accompanies the disease, study of 
the nutritional status of cirrhotic patients and their nutritional therapy has attracted much 
attention in recent years [1-3]. However, as pointed out by McCullough and colleagues 
in a recent review [1 ], the large majority of data has been derived from studies on alcoholic 
liver disease, and even for this type of cirrhosis, the design of diet therapy (e.g., the 
quality and quantity of protein,, the amount of calorie intake, etc.) and it's clinical 
evaluation are still i nportant problems which have not yet been studied thoroughly. 

Although cirrhosis is generally considered a catabolic disease associated with 
negative nitrogen balance [1,4], the results of recent studies are contradictory. Urinary 3-
methyl-histidine excretion has been reported to be increased in cirrhotic patients [5,6]. 
Using stable isotope tracer methods, O'Keefe and colleagues [7] reported that plasma 
tyrosine turnover and whole-body protein synthesis and degradation were accelerated in 
cirrhotic patients. Among their 18 patients, only one was post-viral hepatocirrhotic. 
Mullen and colleagues [8] found decreased leucine oxida don but no alteration in rates of 
whole-body protein turnover or of leucine turnover in their stable alcoholic cirrhotic 
patients. Millikan et al [9] also found equivalent rates of whole-body protein turnover in 
normal subjects and alcoholic cirrhotic patients. But Swart and colleagues [10] reported 
that in their cirrhotic patients (none was definitely post-viral hepatocirrhotic) the nitrogen 
flux and whole-body protein synthesis were increased either in fed or fasting state. On the 
contrary, a recent report [11] stated that in alcoholic cirrhosis, muscle protein synthesis 
was decreased accompanied by a decrease in whole-body protein turnover. Using nitrogen 
balance measurements to define efficacy, some studies have shown that the protein 
requirement in cirrhotic patients was about 0.8-1.1 g/kg/d [12,13]. But it has been argued 
that these results may reflect metabolic adaptation rather than true nutritional requirement 
[1,10]. Therefore, whether the protein malnutrition in cirrhotic patients, especially in post-
viral hepatocirrhotic patients, is due accelerated kinetics of protein metabolism or is 
secondary to starvation remains uncertain. 

Other nutritional requirements have also attracted the attention of many 
investigators. The basal energy requirement in alcoholic cirrhotic patients has been 
reported to be similar to normal subjects, within the range of 105 to 125 kJ/kg/d (25 to 
30 kcal/kg/d) [1,14,15], However, no report has been found about the energy expenditure 
of freely living post-viral hepatocirrhotic patients. Furthermore, although it is generally 
agreed that high fat diets are harmful to hepatic patients, there appears to be no reason 
to routinely restrict lipid intake to a very low level [1]. 

As regards the quality of food protein, the significance of imbalance of branched 
chain amino acids (BCAA) and aromatic amino acids (AAA) in the development of hepatic 
encephalopathy has been studied extensively and many people believe that supplements 
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of BCAA are of value in treating or preventing encephalopathy. Someone reported that 
BCAA together with adequate protein and calorie supplement improve the nutritional state 
of cirrhotic patients without the risk of precipitating encephalopathy [16,17]. Vegetable 
protein has been reported to be better than meat protein for patients with hepatic cirrhosis 
possibly because of low AAA content and high fibre content [18,19], but it has also been 
reported that no difference could be seen between vegetable and meat protein [20]. 

In summary, there is no doubt that protein-energy malnutrition is important in the 
pathogenesis and treatment of cirrhotic patients, but there are still a series of theoretical 
and practical problems which need investigation, especially for post-viral hepatocirrhotic 
patients. Among the goals are the optimal formulation of nutritional therapy and the 
evaluation of its clinical effect. 

As pointed out by Halliday in a recent review [21], the stochastic model system, 
either the end-product method or the precursor method, both utilizing stable isotope 
labelled amino acids, has been increasingly employed to quantitate whole body protein 
turnover in man. The end-product method requires a 1 5 N labelled amino acid as the tracer 
and measures the production rate of certain end products in urine by tracing the 1 5 N label. 
The precursor method measures the plasma abundance of 1 3 C or 1 5 N labelled amino acid 
to calculate the flux of the precursor and, in addition, often needs to measure the rate of 
transformation of the precursor to its end-product. Thus, for amino acids labelled with 1 3 C 
at the carboxyl group, the excretion rate of 1 3 C 0 2 is measured [7,8,22] and for 1 5 N 
labelled amino acids, usually the rate of appearance of 1 5 N in urinary urea or total nitrogen 
is measured [23,24]. Since urea is formed in liver and the urea production rate is often 
decreased in cirrhotic patients [25,26], it is likely that methods requiring the measurement 
of 1 5 N end product production rates might not be suitable or need modifications for such 
patients. The decarboxylation of most amino acids also partly or entirely occurs in the liver 
and it has already been reported that in cirrhotic patients, the oxidation of leucine and 
tyrosine is retarded [7,8]. Which tracer(s) and which method(s) are suitable for measuring 
whole-body protein turnover in hepatic patients is thus an area for further investigation. 

1.2. Scope of the project 

The purposes of this project were to study the relation between protein and energy 
metabolism in patients with a diagnosis of post-viral hepatocirrhosis and to apply the 
findings to design a rational formulation of diet therapy during post-viral hepatocirrhosis 
based on Chinese food, which might also be suitable for other developing countries. It is 
expected that the results of this work will be of theoretical value in illustrating the 
significance of protein-energy metabolism in the pathogenesis and prognosis of post-viral 
hepatocirrhosis as well as of practical value in exploring an economic approach for 
improving the clinical state and prolonging the life span of patients. The scope of this 
study involved the following aims: 

The first aim was to set up the necessary stable isotope techniques, i.e., the 
measurement of plasma leucine <Leu) and glycine (Gly) turnover rates with constant infu
sion of L-[1- l3C]-Leu and 15N-Gly; the measurement of protein oxidation rates from breath 
collections and carbon analysis following continuous infusionsof L-[1 - 1 3C]-Leu; comparison 
of methods for estimating whole-body protein synthesis and breakdown rates from the 
data of L-[1 -1 3C]-Leu and 15N-Gly experiments; measurement of energy expenditure by the 
2H and 1 8 0 doubly labelled water method, with an attempt of lowering the dose of 1 8 0 and 
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hence the cost; measurement of the C0 2 recovery and the basal energy expenditure of 
post-viral hepatocirrhotic patients with the NaH 1 3 C0 3 infusion method. 

The second aim was to measure rates of protein and amino acid turnover as well 
as the energy expenditure of post-viral hepatocirrhotic patients before treatment. It was 
anticipated that the results would give information about whether the overall protein and 
amino acid metabolism are in a hyperactive or hypoactive state, and, combined with the 
nitrogen balance data, would give information for estimating the protein requirement of 
these patients. It was also expected that the results would give information for estimating 
the energy requirements of freely living patients with post-viral hepatocirrhotic patients, 
especially those in the compensated stage. 

The third aim was to design the therapeutic diet formulation and to observe its 
clinical effect. With regard to the formulation of the diet, the following was foreseen: 1 ) 
the protein content would be determined according to the pretreatment experimental 
results on protein and amino acid metabolism; 2) the energy content would be settled 
according to the energy expenditure determined in the pretreatment experiment; 3) 
relatively large amounts of vegetable food would be incorporated into the diet so that 
vegetable protein would account for about 60-70% of the total protein intake and the cost 
would be lower than in a meat-based diet in developing countries; 4) final conclusions 
would be drawn from paired comparisons of the data obtained in each individual before 
and after treatment. It was further expected that the therapeutic diet should improve the 
clinical state of the patients and be suitable for inpatients as well as for outpatients living 
at home. 

2. EXPERIMENTAL METHODS 

2.1 . Materials and Equipment 

15N-Gly (93.8% abundance and 96% chemical purity) was synthesized by Shanghai 
Institute of Chemical Engineering. L-[1-13C]-Leu (99% abundance and 99% chemical 
purity) and NaH 1 3 C0 3 (87.35% abundance) was purchased from Tracer Technologies. 
H 2

1 8 0 was supplied by Monsanto Res. Corp., U.S.A., in two batches, the abundances 
reported by the supplier being 15.0% and 10.2%. When carefully checked by Professor 
Jin Deqiu of Beijing University they were found to be 14.45% and 9.61% respectively. 
The latter two values were subsequently used for calculating the total body water and 
energy expenditure. 2 H 2 0 , with a measured abundance of 99.9%, was supplied by 
Guangming Chem. Corp., China. All labelled compounds were processed for intravenous 
injection and tested to be free from pyrogen, bacteria and toxicity by the Dispensary of Rui 
Jin Hospital. 

Zinc granules (8-30 mesh) were purchased from BDH and purified with nitric acid 
before use. Trifluoroacetic anhydride was from Merck-Schuchardt. Dowex 1x50 ion 
exchange resin was from BioRad. All other reagents were local products of analytical 
grade. 

Isotopic determinations of [13C]-leucine and ,5N-glycine in plasma were made by 
electron impact (El) gas chromatography/mass spectrometry (GCMS) (Finnigan-MAT 4510 
GC-MS) in the early stage of the project and later by negative chemical ionization (CI) 
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GCMS (HP 5989 GCMS system). The analysis of 1 3 C 0 2 abundance in exhaled air was 
done with a gas isotope ratio mass spectrometer (IRMS) (MAT 251 ). Gas JRMS (VG-SIRA 
24 at Beijing University) was also used for isotopic determinations of 1 B 0 and 2 H in water 
from which energy expenditure was calculated by the doubly labelled water method. 

2.2. Determination of plasma 1 5N-Gly and 1 3C-Leu abundances 

1 milliliter (mL|) of heparinized plasma was deproteinized wi th sulfosalicylic acid and 
the amino acids were separated out wi th a small Dowex 1x50 column. The dried amino 
acids were then turned to their trif luoroacetic butyric derivatives and subjected to selected 
ion monitoring (SIM) by GCMS analysis. When EI-GCMS was used, 1 5N-Gly abundance 
was calculated from the ion strengths of m/z 126, 127, 128, 129 peaks and 1 3 C-Leu 
abundance was calculated from ni/z 227/228 peaks [27]. When CI-GCMS was used, the 
ion strengths of m/z 172/173 and m/z 284/285 peaks were used for calculating the 
abundances of Gly and Leu respectively [28]. 

2.3. Determination of the abundance of 1 3 C 0 2 in expired air and of 1 8 0 and 2 H 
in urine 

Expired air was blown into a plastic bag, processed on a vacuum line, and the C 0 2 

was purified and collected in a small glass tube with a liquid nitrogen trap. The tube was 
sealed, transferred to the inlet of MAT 2 5 1 , broken in situ, and measured for its 1 3 C 0 2 

delta value against a reference C 0 2 which has been normalized against PDB. The delta 
value in each sample was then converted to its respective isotopic abundance. 

Water in urine samples was completely vacuum-transferred and sealed in a glass 
ampoule. For 1 8 0 determination, 1 mL of water was transferred into a long-neck flask and 
frozen with liquid nitrogen. The flask was then evacuated, filled wi th 13-14 kPa of highly 
purified C 0 2 , flame-sealed, and shaken in a 25°C water bath for 12 h to achieve 
equilibrium of 1 8 0 between water and C 0 2 . The C 0 2 was then purified with a vacuum line 
and subjected to IRMS analysis to obtain the delta value of 1 B 0 [30]. For 2 H 
determination, a small glass tube containing 0.2 g purified zinc granules was attached to 
a vacuum line. After evacuation, 10 juL of water was introduced into the tube, cooled with 
liquid nitrogen, and the tube was flame-sealed. The sealed tube was heated to 450°C for 
2 h and then attached to the inlet of VG-SIRA 24 for analysis of the delta value of 2 H 131]. 
Some of the 1 8 0 and 2 H delta values of vacuum transferred urine water samples were 
checked with the values obtained for the same urine samples which were not vacuum-
transferred and the results match very well, indicating that isotope fractionation during the 
vacuum-transfer was negligible. 

The delta values of 1 8 0 and 2 H were converted to their respective abundances wi th 
1 7 R V - S M O W A N D 1 8 R V - S M O W f o r 1 7 ° a n d 1 8 ° taken as 0.000373 and 0.0020052 and wi th 
R v . S M O W f o r deuterium taken as 0.00015595 [32]. 

2.4. Tracer Experiments 

2.4. 7. Tracer experiment with 15N-GIy and 13C-Leu 

Patients with immunologically and pathologically proven post-viral 
hepatocirrhosis and normal adult volunteers were hospitalized and given a balance diet for 



5 days containing 1.2 g/kg/d of protein and 160-167 kJ/kg/d (38-40 kcal/kg/d) of food 
energy. Urine and feces of the last 48 h were collected for micro-Kjeldahl analysis of 
nitrogen. In the morning of the 6th day, 100 mg of 1 5 N-Gly and 200 mg L-[1- 1 3CI-Leu 
dissolved in 500 mL of 5% glucose were infused at a constant rate for 6 h. Blood samples 
were taken just before and at 4,5,6 h after the start of infusion for analyzing 1 5N-Gly and 
1 3C-Leu abundances. Samples of expired air were collected in plastic bags at 0, 4, 5, and 
6 hours for analyzing 1 3 C 0 2 abundance and partial pressure of C 0 2 . During the infusion, 
another sample of expired air was collected in a Douglas bag for measuring the rate of air 
expiration. The atmospheric pressure and ambient temperature were recorded for 
converting the measured air volume to standard condition. 

The plateau values of plasma 1 5N-Gly and 1 3C-Leu enrichment were used to 
calculate the amino acid fluxes O-Qiy and 0-i_eu (/^mol/kg/h) by the following equation: 

Q = / x (Ei/Ep - 1) (1) 

where i is the infusion rate of 1 5N-Gly or 1 3C-Leu in //mol/kg/h, Ei is the enrichment of 
infused 1 5 N G I y or 1 3 C-Leu, Ep is the plateau 1 5N-Gly or 1 3C-Leu enrichment in plasma. 

The rate of expiration of 1 3 C 0 2 (//mol/kg/h) was obtained from the product of the 
rate of C 0 2 expiration (//mol/kg/h) and the plateau enrichment of 1 3 C 0 2 . Then the rate of 
whole-body leucine oxidation 0 L e u was calculated by the following equation [22]: 

°Leu = R a t e o f 13C02 expiration X ( 1/Ep - 1/Ei) x 700 H- F (2) 

where F is the fraction of C 0 2 produced in the body which is recovered in expired air and 
is taken as 0.81 for normal subjects and 0.78 for cirrhotic patients (see Section 3 . 1 . of 
this report). 

Leu flux O-Leu was converted to protein flux (Q) by assuming the average Leu 
content in whole-body protein is 7.9%. The whole-body protein synthesis rate (S) and 
degradation rate (C) were then calculated according to the two-pool model of Picou-Taylor 
Roberts [33]: 

Q = S + E = C + / (3) 

where I and E are the total nitrogen input rate and output rate. The five parameters are 
all expressed in g protein/kg/d. The values of E and S were obtained by two different 
approaches for comparison. One was from 0 L S U [22] and designated as E 0 and S 0 , the 
other was from the total nitrogen excretion rate [34] and designated as E N and S N . The 
conversion factor for nitrogen to protein was taken as 1:6.25 and that for leucine to 
protein was 7.9:100. 

2.4.2. Measurement of energy expenditure 

After an overnight fast, the patient or the normal volunteer drank a cup of 
tracer water (1 g/kg of 1 s O-water and 0.06 g/kg of 2H-water) at 08.00h. Urine samples 
were collected before and 4 h after the dose and then at 08.00h of the 5th or 6th, 10th 
or 11th, 14th or 15th day (in the later stage of this work these were changed to before 
and 24 h after the dose and then at 08.00h on the 4th or 5th, 7th or 8th and 10th or 11 th 
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day). The samples were kept in airtight plastic bottles at -20°C until processed and 
measured. 

Total body water was calculated by the following equation: 

TBWfkg) = (d x APEd/MWCf )(18.02/APEBWI x f/7000 (4) 

where d is the dose of tracer water in g, M W d and 18.02 are the molecular weights of 
dose water and distilled water, APE d is the enrichment of tracer water and A P E B W is the 
enrichment of body water at 0 h obtained by linear regression of the natural logarithms of 
APEs of urine 1 8 0 or 2 H against time, and f is the factor for converting the dilution space 
to total body water and is assumed to be 1/1.01 for 1 8 0 and 1/1.04 for 2 H [35]. 

Energy expenditure was obtained by first calculating the C 0 2 production rate using 
the following equation [36]: 

rC02 = (N/2.08)(K0, - - O.OISK,/! (5) 

where N is the total body water in moles obtained from 1 8 0 data, K 0 . and K D are the 
elimination rate constants of 1 8 0 and 2 H obtained by linear regression. The coefficient for 
KQN was estimated by assuming the rate of insensible water loss being 50% of water 
turnover rate, and the fractionation factors f 1 ( f 2 , ^ being 0.93, 0.99 and 1.04 [35,36]. 
The value of RQ was estimated to be 0.88 in this study according to actual calculation of 
the food quotient from the diet consumed by the patients and normal subjects. The energy 
expenditure was then calculated from the rate of C 0 2 production and RQ. 

For comparison, the revised equation of Schoeller [35] was also used to calculate 
the r C 0 2 value which can be rewritten as: 

rC02 = (N/2.08H1.01K0. - 1.04KB) - 0,03N(1.01Ko. - 1.04^ (6) 

2.4.3. Tracer experiment with NaH13C03 

After an overnight fast and bedrest, the patient or normal volunteer was 
injected intravenously with a priming dose of 28 mg NaH 1 3 C0 3 followed by a 2-hour 
continuous infusion of 37 mg N a H 1 3 C 0 3 in normal saline for 2 h. Samples of expired air 
were collected intermittently for analysis of 1 3 C 0 2 abundance as described in section 2.3. 
Rates of air expiration and partial pressure of C 0 2 were obtained by the method described 
in section 2.4.1. The rate of expiration of 1 3 C 0 2 and the rate of infusion of N a H 1 3 C 0 3 

(both in //mol/kg/h) were then used to calculate the recovery % of C 0 2 produced in the 
body (Eq.7 and Eq.8). 

13C02 expiration rate = C02 expiration rate x 13C02 plateau enrichment (7) 

Recovery % of C02 = 73C02 expiration rate - infusion rate of 13C (8) 

The production rate of C 0 2 , obtained by correcting the C 0 2 expiration rate for its 
recovery %, was also used for the calculation of basal energy expenditure in fasting and 
resting state, taking the RQ value as 0.88. 
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3. RESULTS OBTAINED 

3 . 1 . C 0 2 recovery and resting energy expenditure obtained from N a 1 3 H C 0 3 

experiment 

With a priming dose of 4-6 //mol/kg and an infusion rate of about 3/imol/kg/h, the 
abundance of 1 3 C 0 2 in expired air reached its plateau at 45 to 60 min after the start of 
infusion. The 1 3 C 0 2 expiration rate was obtained by multiplying the average plateau 
enrichment with C 0 2 expiration rate (Eq.7) and then the 1 3 C 0 2 expiration rate was divided 
by the infusion rate of N a H 1 3 C 0 3 to give the recovery % (Eq.8). As shown in Table I, the 
recovery in normal adults was 80.7 ± 0.3 % (mean ± SEM), very close to the value 81 % 
used by Matthews et al [22] and Wolfe et al [37] in their [1 - 1 3C]-Leu tracer experiments. 
On the other hand, the C 0 2 recovery of cirrhotic patients was 78.3 ± 0.8 %, slightly 
lower than normal. Since the exact mechanism of the partial retention of C 0 2 in body is 
not known, the reason of such a slight decrease of C 0 2 recovery in cirrhotic patients 
remains to be studied. However, the decrease is statistically significant. We therefore 
used different C 0 2 recovery correction factors in ourl"!- 1 3C]-Leu experiment, i.e., 81 % for 
normal adults and 78% for cirrhotic patients. 

In order to obtain the resting energy expenditure, the C 0 2 expiration rate was 
divided by the C 0 2 recovery % to give the C 0 2 production rate and the RQ value was 
estimated from the composition of food (see Table VI). As can be seen in Table I, the 
resting energy expenditure of normal adults is 7206 ± 920 kJ/d (1 722 ± 220 kcal/d) or 
129 ± 10 kJ/kg/d (30.7 ± 2.4 kcal/kg/d), and that of the patients was 6935 ± 389 kJ/d 
(1657 ± 93 kcal/d) or 119 ± 6 kJ/kg/d (28.4 ± 1.5 kcal/kg/d), not statistically different 
from each other. Both values were within the range reported by most authors [1 ] and the 
statistical results are in agreement with Jhangiani et. al. [14] and Muller et. al. [15], who 
found no difference of basal energy expenditures between alcoholic cirrhotics and normal 
adults wi th indirect calorimetry. 

3.2. Change of leucine turnover parameters in cirrhotic patients 

In the [1- 1 3C]-Leu constant infusion experiment, it was found that the plasma 1 3 C -
Leu enrichment reached a plateau value at about 4 h after the start of infusion. The l3C02 

enrichment in expired air reached its plateau value almost at the same time. As shown in 
Table II, the plateau enrichments of both plasma 1 3C-Leu and 1 3 C 0 2 were significantly 
lower in cirrhotic patients than in normal controls, and decompensated cirrhotic patients 
had their enrichments lowered more severely than compensated patients. 

When leucine turnover rate ( Q L e u ) was calculated from the plasma plateau 
enrichment, the tracer infusion rate and the enrichment of labelled tracer according to 
equation 1, it was found that the turnover rate in cirrhotic patients was significantly faster 
than in controls. Since the plasma leucine content is usually lower in cirrhotic patients and 
the plasma leucine pool had been found to be smaller than normal [27], the accelerated 
leucine flux of patients should imply a real shortening of the turnover time of leucine 
molecules. 
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When leucine oxidation rate < 0 L e u ) was calculated from the 1 3 C 0 2 expiration rate 
and the enrichments of plasma 1 3C-leucine (Eq.2), the value of normal controls was 31.3 
± 1.2 /L/mol/kg/h. In contrast to the acceleration of plasma Leu flux, the Leu oxidation rate 
as well as the fraction of leucine turnover that was oxidized ( 0 L e u / Q L e u > were markedly 
decreased in cirrhotic patients. This is consistent with the results of Mullen and colleagues 
obtained in alcoholic cirrhosis [8] but not that of Millikan and colleagues [9]. 

Since the fraction each amino acid contributes to urea nitrogen production is likely 
to be equal to each amino acid's fractional contribution to body protein [38], we calculated 
the leucine catabolic rate E L e u by converting the nitrogen excretion rate to its protein 
equivalent value (1:6.25) and then the leucine equivalent value (1:0.079). In norma! 
adults, the leucine oxidation rate 0 L e u matches E L e u very well, giving a ratio of 0.957 for 
0 L e u / E | e u . This agrees wi th the results of De Benoist and colleagues who reported that 
in preterm infants, the nitrogen retention measured by nitrogen balance was similar to that 
calculated from leucine retention [34]. On the other hand, in our cirrhotic patients, the 
0 L e ( J / E | e u ratio dropped markedly to 0.594 and 0.486 in the two groups. It is unlikely that 
this is due to an overestimation of E|_eu because there is no reason to believe that leucine 

deamination is decelerated in cirrhotic patients. Therefore the lowered 0 L e u / E | e u ratio very 
probably indicates an incomplete oxidation of leucine after its deamination. 

Mullen and colleagues suggested that the decrease of leucine oxidation rate is a 
consequence of decreased plasma leucine level [8]. Another passible mechanism is the 
impaired activity of leucine decarboxylase in the cirrhotic liver. But it has been claimed 
that a significant portion of leucine in muscle may be oxidized in situ [39,40] but whether 
there is a change of muscle leucine oxidation rate in hepatic cirrhosis is not yet clear. The 
exact mechanism remains to be studied. 

3.3. Change of whole-body protein turnover in cirrhotic patients studied with [1 -
1 3C]-Leu 

For the estimation of whole-body protein turnover parameters, Eq.3 was followed. 
Since the le ucine oxidation rate and the OL^Li/ELeiJ r a ^ io were both decreased in cirrhotic 
patients, we calculated the whole-body protein synthetic rate (S) by estimating the 
nitrogen excretion rate (E) either from leucine oxidation rate [22] or from the nitrogen 
excretion rate obtained in nitrogen balance studies [34]. As shown in the lower part of 
Table II, when E and S were estimated from the oxidation rate of leucine (E 0 and S 0 ) , there 
was an obvious underestimation of E and consequently an overestimation of S leading to 
an apparent positive nitrogen balance in the patients. Since this is not the actual clinical 
condition of the patients, we concluded that in the 1-[1 3C]-Leu experiment, the leucine 
oxidation rate should not be used to estimate the leucine catabolic rate and nitrogen 
excretion rate. Instead, E and S may be calculated from the total nitrogen excretion rate 
obtained from nitrogen balance study (EN and S N). 

With the synthesis rate calculated from nitrogen excretion rate, it can be seen that 
the synthesis and the degradation of whole-body protein were both significantly increased 
in post-viral hepatocirrhotic patients and the change in decompensated was more profound 
than in compensated patients. Therefore, the negative nitrogen balance of these patients 
was not due to a suppression of protein synthesis. Instead, the patients were in a state 
of accelerated protein metabolism and the negative nitrogen balance was due to a 
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disproportionate increase in the rate of protein breakdown (C) relative to the rate of protein 
synthesis (S). 

The result on the protein requirement of post-viral hepatocirrhotic patients is 
somewhat different from the results of other authors on their alcoholic cirrhotic patients. 
The patients of our group showed a negative nitrogen balance when their diet contained 
1.2 g/kg/d of protein while Swart et. al. [13] and Freund et. al. [41] found in their alcoholic 
cirrhotic patients that 0.8-1.0 g/kg/d are adequate. One probable reason for such a 
discrepancy is that the diet formulations of different authors contain different ratios of 
animal versus vegetable proteins. But it is also probable that this discrepancy is due to a 
difference between the pathological basis of the two types of cirrhosis. 

3.4. Change of glycine turnover parameters in cirrhotic patients 

As listed in Table III, the glycine metabolism was also in a accelerated in cirrhotic 
patients. The glycine flux (CL îy) was significantly elevated. Since plasma glycine may 
come from other sources in addition to food intake and protein degradation, we calculated 
the parameters of glycine turnover in a way similar to that described by Robert and 
colleagues [42]. The rates of glycine incorporation into protein via protein synthesis (S G | y ) 
and the rate of glycine release from protein degradation (CQ|y) were calculated from the 
protein synthesis and breakdown rates obtained with [1- 1 3C]-Leu in the doubly labelled 
experiment. The molar ratio (7.9:8.3) of leucine and glycine for the above calculation and 
the content of glycine in whole body protein (4.9 g/100 g) were adopted from Stegink and 
colleagues [43]. It can be estimated from the data of Table III that in normal adults under 
the balance diet used in this study, about 47% of the plasma glycine flux was for protein 
synthesis, about 38% was for conversion to other compounds in the body, and about 15% 
was disposed as nitrogen excretion. In cirrhotic patients, all the three components were 
elevated in a more or less parallel manner. The proportions of glycine flux utilized for 
protein synthesis, for conversion to other compounds, and disposed as nitrogen excretion 
were 53:36:11 in compensated cirrhotics and 51:39:10 in decompensated cirrhotics. 
Therefore, glycine metabolism, involving its interconversion with other amino acids and its 
catabolism, is also in a hyperactive state in post-viral hepatocirrhotic patients. 

3.5. Energy expenditure of cirrhotic patients studied with doubly labelled water 

The dose of 2H-water used in this study was similar to literature values but the dose 
of 1 8 0-wate r was lower than those used in most reported studies mainly due to 
economical consideration. Preliminary experiments revealed that at the dose used in this 
study and within the observation period, the delta values of most urine samples fell in the 
range of 100-600 for 2 H and 20-150 for 1 8 0 . In these ranges, the average precisions 
(expressed as coefficients of variation) of single determinations were 0.032% (0.011 to 
0.138%) for 1 S 0 and 0.192% (0.062 to 0.493%) for 2 H . The average precisions of 
duplicate urine samples were 0.492% (0.01 6 to 1.943%) for 1 s O and 0.685% (0.002 to 
2.417%) for 2 H . Good linear regression curves were obtained in most cases, with an 
average correlation coefficient of 0.998 for 1 8 0 and 0.997 for 2 H . 

Energy expenditure was measured in 23 individuals, 13 of whom were normal 
volunteers including 10 laboratory workers and 3 hospitalized convalescent adults. The 
other 10 were hospitalized compensated cirrhotic patients. During the experiment, the 
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laboratory workers were working and living as usual, and the patients or convalescent 
subjects were staying in hospital without special restriction of activity. 

As can be seen in Table IV, the values of total body water of both normal subjects 
and compensated cirrhotic patients were within the range reported in literature. Similar 
to the result of Schoeller [35], the energy expenditure calculated by Eq.6 is consistently 
slightly lower than calculated by Eq.5. The energy values listed in Table III were expressed 
in k j . When converted to kcal, the values from Eq.6 became 48.43 ±2 .02 and 44.1 2 ± 
2.18 kcal/kg/d for normal male and female laboratory workers, 36.50 ± 0.73 and 33.02 
kcal/kg/d for the two hospitalized healthy males and one female, 37.54 ± 1.88 and 34.46 
± 2.1 2 kcal/kg/d formale and female cirrhotic patients. The values of hospitalized healthy 
adults are slightly lower than the literature values of adults freely living at home but not 
doing work (e.g., 39.2 ± 5.6 kcal/kg/d for females reported by Stein and colleagues [44], 
44.6 ± 8.1 and 39.0 ± 2.8 kcal/kg/d for males and females respectively reported by 
Schoeller and Webb [45]). But the values of laboratory workers are slightly higher than 
literature values of normal subjects doing similar professional work (e.g., 43.6 ± 0.7 
kcal/kg/d for 3 males and 38.0 for one female reported by Schoeller and van Santen [46]). 
This discrepancy is probably due to the longer working time (6 days a week) and heavier 
additional physical activities (e.g., traffic and housekeeping) of Chinese laboratory workers 
which are in addition to their professional work. 

Similar to the basal energy expenditures measured in the N a H 1 3 C 0 3 experiment, no 
difference was found between the freely living energy expenditures of cirrhotic patients 
and the hospitalized adults having similar activities. When compared with the basal energy 
expenditure, it can be estimated that about 20-30% of the total energy expenditure of 
hospitalized subjects was consumed for additional activities, and, for the laboratory 
workers, it was about 35-40%. 

3.6. Design of the therapeutic diet and its clinical effect 

3.6.7. Formufa for the therapeutic diet 

Based on the results of above experiments, the therapeutic diet formulation was 
designed to have the following features: 

a) the protein content was settled to be 1.5 g/kg/d because both the whole-
body protein turnover and the turnover of leucine and glycine were found to 
be at a hyperactive state, and there was a negative nitrogen balance when 
the balance diet contained 1.2 g/kg/d of protein; 

b) the energy intake was settled to be 150-166 kJ/kg/d (36-40 kcal/kg/d) 
according to the measured energy expenditure of patients which averaged 
1 63 kJ/kg/d for males and 150 kJ/kg/d for females; 

c) vegetable protein accounted for 60-70% of the total protein intake instead 
of 30-40% in common hospital diet for cirrhotic patients; 

d) the BCAA/AAA ratio appeared to be slightly but significantly higher than the 
common diet. An example of the daily menu of the therapeutic diet b listed 
in Table V. 
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The average nutrient intake of the patients in the two months' therapy calculated 
from the daily records of the actually ingested foods 147,48] are shown in Table VI. Also 
shown in the table are the average actual nutrient intakes of the control patients in the two 
months' period of observation. The protein intake of the latter group averaged 0.92 g/kg/d 
and the energy intake averaged 106 kJ/kg/d which was in fact just at the level required 
for maintaining basal energy expenditure. Evidently, such a lowered energy intake might 
lead to an exhaustion of energy source stored in the body, which would in turn aggravate 
the protein malnutrition. 

From the average actual food intake of each individual, their respiratory quotients 
were estimated. Because of the low fat content in Chinese diet, the RQ values of both 
groups were about 0.88. The value 0.885 ± 0 . 0 0 4 of the control patients is probably 
overestimated, since these patients were not in an energy balance state, and the 
mobilization of body fat might make the actual respiratory quotient lower than that 
estimated from food. 

3.6.2. The clinical effect of the therapeutic diet 

As shown in Table VII, the effect of therapeutic diet after two months' 
application is significant. Although most of our patients suffered wi th different degrees 
of anorexia, some accompanied by nausea and vomiting, they adapted rapidly, usually 
within one week, to the high protein, high calorie diet. When they were re-examined two 
months later, the negative nitrogen balance turned positive along wi th an increase of body 
weight and an increase of creatinine in urine, indicating that there was an improvement of 
general nutritional status probably with an accumulation of muscle protein. In the same 
time, the protein metabolic function of liver itself was also improved as evidenced by a 
marked increase of plasma albumin, a correction of the reverted A/G ratio and an elevation 
of serum transferrin. On the contrary, in the control patients receiving identical medical 
treatment but having their average daily intake containing only 0.92 g/kg/d of protein and 
1 06 kJ/kg/d of energy supply, no improvement of the above parameters was found in the 
two months' period. 

Along with the improvement of the above parameters, the elevated glycine flux and 
urea excretion rate in urine was reduced in the treated group while in the control group 
these rates remained at the original high level. In a recent group of five patients, it has 
been found that the high leucine turnover rate and protein turnover rate, as well as the 
high whole-body protein synthesis and breakdown rates were also reduced by 2 months' 
application of the therapeutic diet (Table VIII). The leucine oxidation rate was slightly 
elevated, but was still slower than the leucine catabolic rate calculated from nitrogen 
excretion. These results indicate that the therapeutic diet is able to suppress the 
hypermetabolic state of protein in the patients. It seems unlikely that such an effect is 
simply due to a supplement of energy, because in the balance diet used in the [1 - 1 3C]-Leu 
and 1 5N-Gly experiment containing 1.2 g/kg/d of protein, the energy supply is almost the 
same as the therapeutic diet and yet the patients were in negative nitrogen balance and 
had very high turnover rates of whole-body protein and amino acids. More probably, the 
effect is due to the combined supplements of protein and energy so that the excessive 
degradation of body protein for supplying energy is no more needed and accumulation of 
body protein and regeneration of hepatic function becomes possible [1]. In addition, the 
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slightly higher proportion of BCAA/AAA in the diet might also play a role in providing more 
adequate raw materials (various amino acids) for the synthesis of body protein. 

Therefore, our results on post-viral hepatocirrhotic patients before jnd after diet 
therapy support the idea that cirrhosis is a catabolic disease, partly due to undernutrition 
and partly due to disturbance of protein and amino acid metabolism [1,19]. The results 
also agree with the idea that there is an elevated protein requirement in cirrhotic patients 
[7,10] and vegetable protein is beneficial to these patients [19]. 

4. CONCLUSION 

1. In this work, several stable isotope techniques have been used for the study of 
the dynamic aspect of protein-energy malnutrition in post-viral hepatocirrhotic patients. 
The established techniques involve: the L-[1- 1 3C]-Leu and 1 5N-G!y doubly labelled tracer 
experiment for studying the overall metabolic status of leucine, glycine, and whole-body 
protein; the 1 S 0 and 2 H doubly labelled water method for studying the energy expenditure 
of freely Jiving adults; the N a H l 3 C 0 3 infusion experiment for studying the C 0 2 recovery 
rate and basal energy expenditure. 

2. By the L-[1-1 3C]-Leu and 1 5N-Gly doubly labelled tracer experiment, it was found 
that in post-viral hepatocirrhotic patients, the overall metabolism of leucine, glycine and 
whole-body protein were in a hyperactive state. Together wi th the results of nitrogen 
balance measurement, it was concluded that high protein intake was necessary for these 
patients and the daily requirement was estimated to be higher than 1.2 g/kg/d. 

3. By the doubly labelled water experiment and the N a H 1 3 C 0 3 experiment, it was 
found that the energy requirement of post-viral hepatocirrhotic patients was not different 
from normal subjects having similar physical and mental activities. The actual daily 
requirement of calorie intake would depend on the actual activities of each patient. For 
those freely living in hospital (probably also for those freely living and resting at home), it 
was estimated that 150-160 kJ/kg/d would be necessary. 

4. According to the above results, a high protein, high calorie therapeutic diet 
formulation based on Chinese food was designed for post-viral hepatocirrhotic patients 
which has the following features: the protein content is 1.5 g/kg/d, the energy supply is 
1 50-160 kJ/kg/d, 60-70% of the protein is of vegetable origin, and the BCAA/AAA ratio 
is slightly but significantly higher than common hospital diet for cirrhotic patients. 

5. The effect of the above therapeutic diet is significant. Patients with post-viral 
hepatocirrhosis adapted to the diet rapidly. After two months' diet therapy, the general 
negative nitrogen balance turned positive along with an increase of body weight and 
urinary creatinine, indicating an improvement of general nutritional status probably with 
an accumulation of muscle protein. The protein metabolic function of liver itself was also 
improved as evidenced by the increase of plasma albumin, A/G ratio and transferrin. The 
decrease of urinary urea excretion and the slow down of plasma glycine and leucine 
turnover as weli the synthesis and degradation of whole-body protein implicate that the 
diet therapy is able to suppress the hypermetabolic state of protein-amino acids in cirrhotic 
patients. No similar improvement was seen in the control patients receiving identical 
medical treatment but freely taking common hospital diet. 
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6. The leucine oxidation rate of post-viral hepatocirrhotic patients was significantly 
decreased while the total nitrogen excretion rate was increased, suggesting that the 
classical method of L-[1- 1 3C]-Leu tracer experiment for measuring whole-body protein 
turnover should be modified for these patients. In order to calculate the whole-body 
protein synthesis rate, it would be better to estimate the nitrogen excretion rate by the 
data of nitrogen balance measurement instead of by the leucine oxidation rate. Further 
inves-tigation would be needed to search for better method of studying whole-body protein 
turnover in these patients. 

5. PAPERS PUBLISHED ON WORK UNDER THE CONTRACT 

Six papers are in preparation on work done under this contract [49-54]. 
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TABLE I. C 0 2 RECOVERY AND RESTING ENERGY EXPENDITURE FROM N a H 1 3 C 0 3 

EXPERIMENT 

Normal Adu Its (n = 6) Cirrhotic Patients 
(n = 9) 

Plateau Enrichment of 1 3 C 0 2 (%) 0.03088 ± 0.00263 f 0.03163 ± 0.001 15 n 

C 0 2 Expiration Rate (mmol/kg/h) 83.0 ± 6.8 74.0 + 3.4 n 

1 3 C 0 2 Expiration Rate (¿rmol/kg/h) 2.48 ± 0.12 2.31 ± 0.06 n 

N a H 1 3 C 0 3 Infusion Rate </;mol/kg/h) 3.07 ± 0.15 2.96 + 0.12 n 

C 0 2 Recovery (%) 80.7 ± 0.3 78.3 ± 0.8 a 

C 0 2 Production Rate (mmol/kg/h) 102 .7± 8.1 94.7 ± 5.0 n 

RQ (Calculated from food) 0.884 ± 0.024 0.886 + 0.007 n 

Resting Energy Expenditure (kJ/d) 7206 + 920 6935 ± 389 n 

(kcal/d) 1722 + 220 1 6 5 7 ± 93 n 

Resting Energy Expenditure (kJ/kg/d) 1 2 9 ± 10 1 1 9 ± 6 n 

(kcal/kg/d) 30.7 + 2.4 28.4 + 1.5 n 

f: All experimental data are expressed in mean ± SE in the text and tables of this 
report except stated elsewhere, the letter Jn' in parenthesis indicates the number 
of individuals. 

a: t-test revealed a p value <0 .05 between the two groups; 
n: t-test revealed no significant difference between the two groups. 



2 0 



TABLE III. GLYCINE TURNOVER PARAMETERS FROM DOUBLE LABELLED 
TRACER EXPERIMENT 

Parameters (in /vmol/kg/d) Normal 
(n = 11) 

Compensated 
cirrhosis (n = 1 2) 

Decompensated 
cirrhosis (n = 7) 

QGly - Gly Flux 229.3 ± 6.2 364.0 ± 9.7 3 466.8 ± 17.9 a,c 

EGly " Gly disposal in nitrogen 
excretion 

35.5 ± 0.9 40.1 ± 0.6 a 44.3 ± 1.4 a ,c 

'dy * Gly input from food 36.7 ± 0.9 34.6 ± 0.5 n 34.5 ± 0.6 n ,m 

SGly Gly used in protein synthesis 111.4 ± 8.4 200.0 ± 8.4 a 239.5 ± 13.0 a,d 

CGLy - Gly from protein degradation 110.1 ± 8.6 205.4 ± 8.0 a 249.3 ± 13.7 a,c 

XGly - Gly/other amino acids 
interconversion 

82.4 ± 10.5 124.0 ± 13.5 b 183.0 ± 16.8 a,d 

a: t-test revealed a p value <0 .001 between cirrhotics and normal subjects; 

b: t-test revealed a p value < 0 . 0 1 between cirrhotics and normal subjects; 

c: t-test revealed a p value <0 .01 between the two groups of cirrhotics; 

d: t-test revealed a p value < 0 . 0 5 between the two groups of cirrhotics; 

n: t-test revealed no significant difference between cirrhotics and normal subjects; 

m: t-test revealed no significant difference between the two groups of cirrhotics. 
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TABLE IV. ENERGY EXPENDITURE OF CIRRHOTIC PATIENTS AND HEALTHY ADULTS MEASURED WITH DOUBLY 
LABELLED WATER METHOD 

Subject (n) 
Age 

(V) 

BW 

(kg) 

k 0 

id"1) 

k H 

Id' 1) 

TBW 

(%BW) 

Energy Expenditure 
(Equation (5)) 

(kJ/d) (kJ/kg/d) 

Energy Expenditure 
(Equation (6)) 

(kJ/d) (kJ/kg/d) 

Healthy Laboratory 
Workers 

male (4) 26 
+ 4 

58 
± 1 

0.0957 
±0 .0052 

0.0682 
±0 .0053 

59.5 
±1 .8 

12103 
± 2 8 5 

209 
± 7 

11616 
± 2 7 0 

203 
± 8 

female (6) 30 
± 9 

49 
± 4 

0.1163 
±0 .0088 

0.0868 
±0 .0084 

52.0 
±1 .9 

9488 
± 6 9 0 

192 
± 1 0 

9169 
±657 

185 
± 9 

Hospitalized Healthy 
Adults 

male (2) 49 
± 4 

63 
+ 4 

0.0910 
±0 .0048 

0.0684 
±0 .0068 

56.5 
±7 .1 

9931 
± 2 0 7 

159 
± 3 

9542 
± 1 9 0 

153 
± 3 

female (1 ) 57 57 0.1197 0.0971 52.7 8184 144 7878 138 

Cirrhotic Patients, 
Compensated 

male (7) 52 
± 9 

63 
± 5 

0.1083 
±0.0095 

0.0866 
±0 .0083 

59.3 
±2 .1 

10355 
± 4 8 8 

163 
± 8 

9964 
±468 

157 
± 8 

female (3) 64 
± 5 

55 
± 8 

0.0986 
±0.0021 

0.0774 
±0.0025 

57.4 
±1.3 

8011 
±1047 

150 
± 9 

7706 
± 1 0 0 3 

144 
± 9 



TABLE V. AN EXAMPLE OF THE DAILY MENU OF THE THERAPEUTIC DIET 

Time Name of food Gross 
Weight 

(g) a 

Protein 
(g) 

Fat 
ig) 

Carbohy-
drate(g) 

7 am Staple food 50 3.1 0.6 39.0 
Optional 

1 .Dried meat floss 30 18.0 4.0 0.4 
2.Bean in soy sauce 50 20.0 10.0 10.5 
3.Dried bean curd 100 14.1 0.8 4.2 

Bread or steamed bread 50 3.1 / 24.4 
Egg 50 5.0 4.0 / 

9 am Milk or Soy bean milk 200 6.6 8.4 10.0 

1 2 am Staple food 100 6.2 1.2 78.0 
Optional 

1 .Lean meat 100 16.7 2.8 1.0 
2.Bream 100 18.5 6.6 0.2 
3. Eel 100 17.2 1.2 0.6 

Vegetable and/or fruits 150 1.2 0.1 2.5 
Egg 50 5.0 4.0 / 

6 pm Staple food 100 6.2 1.2 78.0 
Optional 

1 .Mushroom 50 7.2 0.9 29.0 
2.Fresh bean curd 100 6.3 0.9 25.0 

Optional 
1 .Bean curd sheets 25 8.0 0.7 1.3 
2.Lean meat 50 8.3 1.4 0.5 

Vegetable and/or fruits 150 1.2 0.1 2.5 

8 pm Milk or Soy bean milk 200 6.6 8.4 1.0 

Daily Vegetable oil 15 1.0 15.0 / 

a: All amounts are expressed in g except the amount of milk, soy bean 
milk and vegetable oil which are in mL, 
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TABLE VI. AVERAGE INTAKES OF PATIENTS TREATED AND UNTREATED WITH THERAPEUTIC DIET 

Composition 
Treated Group Control Group 

Composition 
d" 1 kg" 1 d" 1 d" 1 kg ' 1 

tí'1 

Protein (g) 94.5 + 2.9 1.57 ± 0.04 55.6 + 2 .5 a 0.92 ± 0 .10 a 

Fat Cg) 74.5 ± 4.0 1.24 + 0.07 46.3 + 3 .2 a 0.77 ± 0 .09 a 

Carbohydrate (g) 317.0 ± 9.0 5.28 ± 0.14 213.0 + 10.0 a 3.53 ± 0 .38 a 

Energy Supply (kJ) 9956 ± 168 166 + 3 6418 + 277 a 106 ± 1 1 a 

(kcal) 2378 ± 40 39.7 ± 0.6 1533 ± 6 6 a 25.4 ± 2 .7 a 

Amino Acids (¿/mol) 
Valine 55.4 ± 1.0 0.95 + 0.03 28.5 ± 1.4 a 0.47 ± 0 .04 a 

Leucine 74.2 ± 0.7 1.28 + 0.04 38.7 ± 2.2 a 0.64 ± 0 .06 a 

Isoleucine 36.9 ± 0.4 0.63 + 0.02 20.0 ± 1 . 1 a 0.33 ± 0 .03 a 

Phenylalanine 32.0 ± 0.3 0.55 ± 0.01 16.9 ± 0 .9 a 0.28 ± 0 .03 a 

Tyrosine 17.2 ± 0.2 0.29 ± 0.01 10.8 ± 0 .5 a 0.18 ± 0 .02 a 

BCAA/AAA 3.39 ± 0.04 3.14 ± 0 .05 b 

RQ (estimated from 0.879 ± 0.004 0.885 ± 0 .004 n 

food) 

a: t-test revealed a p value <0.001 between treated group and control group; 

b: t-test revealed a p value <0.01 between treated group and control group; 

n: t-test revealed no significant difference between the two groups. 



TABLE VII. EFFECT OF THERAPEUTIC DIET ON PARAMETERS RELATED TO PROTEIN METABOLISM 

Parameters 

Treated Group Control Group 

Parameters Before 
Treatment 

After 2 months' 
Treatment 

Before 2 months' 
Obsevation 

After 2 months' 
Observation 

Plasma Albumin (g/dL) 2.86 ± 0.16 3.82 ± 0.18 b 3.11 0.15 3.07 + 0.15 H 

Plasma A/G ratio 0.68 ± 0.06 1.19 0.10 a 0.77 + 0.05 0.76 ± 0.06 H 

Serum Transferrin fmg/dL) 106 ± 12 180 ± 9 a 123 ± 5 121 4 n 

Urinary Creatinine (g/d) 0.66 ± 0.07 0.90 + 0.06 a 0.60 ± 0.04 0.61 + 0.04 n 

Urinary Urea (g/d) 9.56 ± 0.34 8.15 ± 0.34 a 9.55 ± 0.38 9.98 0.21 n 

Glycine Flux (¿/mol/kg/h) 448 ± 24 344 13 a 365 ± 28 407 + 33 n 

Nitrogen Balance - 0 .26 ± 0.05 + 0.34 ± 0.05 a -0 .22 ± 0.06 -20 .35 ± 0.03 H 

(g prot/kg/d) 
Body Weight (kg) 57.0 ± 1.5 60.2 ± 1.8 b 62.3 ± 3.6 62.4 + 0.35 n 

a: Paired t-test of the data before and after treatment revealed a p value < 0 . 0 0 1 ; 

b: Paired t-test of the data before and after treatment revealed a p value <0.01 

n: Paired t-test of the data before and after two months' observation revealed no significant difference. 



TABLE VIII. LEU AND WHOLE-BODY PROTEIN TURNOVER BEFORE AND 
AFTER DIET THERAPY 

Before 
Treatment 

In = 5) 

After 
Treatment 

<n = 5) 

Leu Turnover (¿/mol/kg/h) 
Q L e u - Plasma Leu Flux 211.2 ± 7.8 152.3 7.6 a 

E L e u - Leu in nitrogen excretion 35.3 + 0.8 40.4 ± 2.4 a 

°Leu ' L e u oxidation rate 23.1 + 0.8 25.3 ± 0.5 b 

°Leu/ QLeu 1 1.1 ± 0.7 16.8 ± 0.9 a 

°Leu / ELeu 65.9 + 3.4 63.5 ± 3.6 

Whole-body Protein Turnover (g/kg/d) 
Q 8.41 0.31 6.06 ± 0.30 a 

E (calculated from N excretion) 1.41 0.03 1.61 ± 0.10 
1 1.17 + 0.02 1.82 ± 0.02 a 

S (Q-E from N excretion) 6.98 ± 0.30 4.45 ± 0.24 a 

C 7.24 + 0.30 4.24 ± 0.30 a 

Nitrogen Balance (g prot/kg/d) - 0 . 2 6 ± 0.02 0.21 ± 0.08 a 

a and b: p<0.01 and <0.05 (paired t-test) before and after two months' diet therapy. 
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Summary 

In this project stable isotope compounds and s table ¡so tope pharmaceuticals 
were used (with emphasis on the application of ,SNI to study several 
aspects of nitrogen metabolism in man [7-5]. Of the many methods 
available, the ,SN stable isotope tracer technique holds a special position 
because the methodology for application and nitrogen isotope analysis is 
proven and reliable. Valid routine methods using ,5N analysis by emission 
spectrometry have been demonstrated. Several methods forthe preparation 
of biological material were developed during our participation in the 
Coordinated Research Programme. In these studies, direct procedures (i.e. 
use of diluted urine as a sample without chemical preparation) or rapid 
isolation methods were favoured [6,7]. Within the scope of the Analytical 
Quality Control Service (AQCS) enriched stable Isotope reference materials 
for medical and biological studies were prepared and are now available 
through the International Atomic Energy Agency. The materials are of 
special importance as the increasing application of stable isotopes as tracers 
in medical, biological and agricultural studies has focused interest on reliable 
measurements of biological material of different origin [8]. 

To investigate how the liver or other organs are influenced by malabsorption, 
malnutrition, and contaminants from the environment, several urine tests were developed: 

The [,5N]glycine test to characterize liver function and exogenous or endogenous 
influences on protein turnover [9]. 

Examples of investigation: quantitative determination of parameters of protein 
metabolism in healthy man, measurement of the rate of protein synthesis and breakdown 
in patients with liver diseases, protein metabolism of expeditioners during wintering in 
Antarctica, studies on metabolic effects of recombinant human growth hormone in girls 
with Turner syndrome. 

The (,sN]ammonium test to assess hepatic ammonia detoxification [10-15]. 
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Examples of investigation: liver damage in chiidren with metabolic liver diseases, 
hepatitis and cirrhosis, influence of hormonal contraceptive drugs on liver metabolism, 
studies on the postnatal development of urea synthesis in preterm infants, characterization 
of the functional state of the liver in athletes, studies on chronic kidney insufficiency, 
hepatic detoxification capacity of children in highly polluted industrial regions (waste gas 
of coke factories). 

The [,5N]methacetin test to assess hepatic microsomal biotransformation capacity 
12,16,17]. 

Examples of investigation: age-dependence of the cytochrome-P 4 5 0-dependent 
monooxygenase activity of healthy persons, detection, discrimination and follow up studies 
of liver disease in adults, pregnant women and children, assessment of developmental 
aspects of monooxygenase capacity in the neonatal period, hepatic detoxification capacity 
as a result of intrauterine growth retardation, assessment of the hepatic glucuronidation, 
monitoring of side effects of therapeutic drugs (antibiotics), influence of certain toxins at 
the workplace or from the environment, differential diagnosis of cholestasis. 

[^IJJurea test to detect gastric Helicobacter pylori infection [18,19]. 

[15N]taurocholate test to detect failures in the enterohepatic bile acid circulation 
[20]. 

f'5N]hippurate test to measure the glycine synthesis capacity of the liver [6] . 

Validation of methodologies to measure protein and energy metabolism in humans. 

A multiple tracer study ( 1 5 N, 1 3 C, 2 H , 1 B 0) to validate the methodology of protein and 
energy metabolism studies in man was completed. For the mathematical description of 
metabolic parameters, both compartmental and non-compartmental models, such as the 
modified model of Sprinson-Rittenberg, the San Pietro-Rittenberg model, two models of the 
albumin metabolism, and a 10-pool model of nitrogen and protein metabolism were used. 
By means of a single or multiple pulse infusion and priming techniques, whole body 
nitrogen and protein metabolism in various metabolic states were studied: 

Metabolism in healthy man to establish standard or reference values 

Metabolism during selected pathophysiological conditions (liver diseases) 

Metabolism under stress conditions (wintering in Antarctica) 

Metabolism during and/or after therapeutic treatments with amino acid solutions, 
hormones, or pharmaceuticals 

Metabolism at different levels of nitrogen intake [9]. 

In pilot experiments, the 1 SN NMR technique was applied to study hepatic glycine 
turnover under stress conditions in vivo, using a 1 5N-glycine load and implanted NMR coils 
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in rats. Previously, corresponding experiments with isolated rat livers had already been 
done to investigate the time course of enzyme activity under various conditions [21]. 

Development of mathematical programmes 

For handling and evaluating 1 S N tracer data, the programs PATMETH and PROPROT 
were developed [22]. In a paper on theoretical problems of tracer kinetics and the 
modelling of inhomogeneous compartments with age-dependent elimination rates, the basic 
equations for one generalized compartment and for systems of such compartments are 
given together with their general solution and illustrated by examples [23,24]. 
Mathematically, it turns out that models consisting of partial differential equations include 
ordinary, delayed and integro-differential equations, a general fact which is treated in 
context of linear tracer kinetics. The examples include standard compartments as a 
degenerate case, systems of standard compartments (compartment blocks), models 
resulting in special residence time distribution, models wi th pipes, and systems with 
heterogeneous particles. 
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A method to study the development of hepatic detoxification capacity, Eur. J. 
Pediatr. 149 (1990) 393-395. 

The [ 1 5N]methacetin urine test was used to study human O-demethylase activities 
to characterize the maturation of hepatic detoxification capacity. The study 
involved 43 healthy subjects aged 1 day - 47 years. The urinary 1 5 N elimination 
rates were measured following oral administrations of an aqueous [ 1 5N]methacetin 
solution. Age-dependent normal values of hepatic drug elimination capacity were 
established. Parameters were the 1 S N elimination half-life and cumulative 
elimination of the 1 5 N dose as a percentage over a 9 h period. The maximum 
elimination rate (% dose/h) and peak time can give additional information. The 1 5 N 
method is a simple, non-invasive and non-radioactive liver function test avoiding 
disadvantages of 1 4 C and 1 3 C breath tests. The [ 1 5N]methacetin test is suitable and 
useful in studying the hepatic development at birth and pathological changes of the 
microsomal detoxification capacity in early childhood. 
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[3] KRUMBIEGEL, P., BERTHOLD, H., Evaluating environmental exposure on children: 
How can stable isotope techniques contribute? Isotopenpraxis. Isotopes in 
environmental and health studies 28 (1 992) , in press. 

The authors review the recent literature, including their own approaches of stable 
isotope techniques applied to determining environmental effects on the health of 
children. T h 2 techniques involve the measurement of variations in natural isotope 
abundances of some elements with environmental significance, the use of enriched 
stable isotopes for in vivo and in situ tracer studies, in vitro isotope dilution 
techniques, and organ function tests using stable isotope labelled compounds. 
These techniques are non-invasive and can be expected to contribute new insights 
into the behaviour of different pollutants and their effect on children's health. Some 
of the techniques have been used in clinical research and diagnosis but their 
adaption for investigations of clinically healthy children exposed to environmental 
pollution is desirable. Currently, as one of the specific aims of the Leipzig group of 
Human Exposure Research, the experience in biochemical and clinical isotope 
applications is being adapted to the environmental challenges in the heavily polluted 
industrial regions of Saxony. 

[4] KRUMBIEGEL, P., Stable isotope Pharmaceuticals, G. Fischer Verlag Jena, 
Stuttgart, New York 1 9 9 1 . 

This introductory survey on the use of stable isotopes in medicine, complemented 
by discussion of ethical issues relevant to topic, will serve as a textbook as well as 
a reference for the pharmaceutical researcher. 

[5] KRUMBIEGEL, P., , 3 C- and , 5N-labeled non-biogenic compounds used as stable 
isotope drugs for human liver function tests, Isotopenpraxis 25 (1 989) 58-60. 

As a result of liver diseases, the elimination of certain drugs from the body is 
delayed. Labelling a suitable drug wi th 1 3 C, the 1 3 C 0 2 elimination rate serves as a 
liver function parameter. Current contributions to the 1 3 C 0 2 breath test method are 
reviewed and related to the 1 4 C 0 2 breath test proposals. In spite of several 
advantages of 1 3C-labeled agents, some dissatisfaction has remained with the tests, 
especially at using them with infants. It is the necessity of face masks and the 
uncertainty to consider endogenous C 0 2 contributions diluting the exhaled 1 3 C 0 2 . 
The problems are avoided if the other molecule site of the drug is labeled which is 
known to be eliminated via urine. With 1 SN as a tracer, a suitable urine test using 
[ 1 5N]methacetin as a licensed stable isotope drug has been proposed and put into 
practice. 

[6] FAUST, H., JUNG, K., KRUMBIEGEL, P., JUNGHANS, P., REINHARD, R., Progress 
in the biomedical use of , 5 N , Zfl-Mitt. 150 (1989) 161-180. 

Biochemical and 1 5 N sample chemical methods are briefly summarized for the 
application of the 1 5 N tracer technique for biomedical and clinical investigations in 
connection wi th the use of the automated emission spectrometric 1 5 N analyzer 
N0l-6e. On the basis of this technique, new 1 5 N liver function tests 
([' 5NJammonium test, [ , 5N]methacetin test, [ 1 5N]glycine test) have been developed 
and their application in the clinical practice is demonstrated. Further applications of 



the 1 5 N tracer methods in paediatrics and for the study of the nitrogen metabolism 
under arctic stress conditions are shown. Proved methods for the experimental 
work with the 1 5 N tracer technique (priming) and the mathematical evaluation of 1 5 N 
tracer experiments are presented. 

[7] FISCHER, H., MEIER, G., NITSCHKE, W., SCHMIDT, G., Emissionsspectroscopic 
, 5 N analysis, Zfl-Mitt. 150 (1989) 267-279. 

The emisstonspectroscopic 1 5 N analysis is a powerful tool for 1 S N tracer experiments 
in agriculture, biology, and medicine. Advantages of the NOI-6e and N0I-6PC 1 5 N 
analyzer systems are the low sample amount, the short measuring t ime, and the 
high handling comfort. In the future methods for the simultaneous determination 
of total nitrogen and of nitrogen-15 will become increasingly important. 

[8] FAUST, H., JUNG, K., REINHARDT, R., Traditional cooperation between the IAEA 
and the CIIRR, Zfl-Mitt. 150 (1989) 331-338. 

Review on the activities of the Central Institute for Isotope and Radiation Research 
(CIIRR), Leipzig, within the scope of the cooperation wi th the International Atomic 
Energy Agency. 

[9] JUNGHANS, P., WAGNER, B., NICKEL, A., FAUST, H., Tracer kinetics and 
metabolic models in medicine, Zfl-Mitt. 150 (1989) 181-204. 

In the present paper a survey of methods applied to the interpretation and 
evaluation of tracer kinetic data is given. For their mathematical description both 
compartmental and non-compartmental models, like the modified model of 
SPRINSON and RITTENBERG, the SAN PIETRO-RITTENBERG model, two models 
of the albumin metabolism and a 10-pool model of the N and protein metabolism 
were used. By means of single or multiple pulse, infusion and priming techniques 
the N and protein metabolism in various metabolic states (e.g. healthy man, 
pathological and stress conditions, therapeutic treatments) were studied. 

[10] MENSCHIKOWSKI, M., JUNG, K., JUNGHANS, A., PETZKE, K.J., ALBRECHT, V., 
The influence of a steroid hormone and of physical exercise on protein metabolism 
of rats, Exp. Clin. Endocrinol. 92 (1988) 341-348. 

Influences of an anabolic steroid hormone preparation and of a physical exercise 
training program on the nitrogen and protein metabolism were studied in rats wi th 
the help of the 1 5 N tracer technique and the emission spectrometric 1 5 N isotope 
analysis. For the determination of the dynamic parameters of the protein 
metabolism graphic [stochastic) and computer aided compartmental methods were 
compared. Using as a stochastic approach the area-method the animals showed 
significant differences in the protein turnover parameters under the influence of 
hormone treatment and (or) physical stress by swimming exercise in comparison 
to the controls. 

[11] JUNG, K., FAUST, H., MATKOWITZ, R„ [ 1 5N]Ammonium test for liver function 
diagnosis, Z. Med. Lab. Diagn. 30 (1989) 169-174. 



The functional state of the liver can be assessed by oral administration of 
1 5N-labelled ammonium chloride (tracer) and subsequent isotope analysis of 
[15N]urea and [ 1 5N]ammonia in urine. Clinical tests based on the ratio of the 
excess abundances of [ l 5N]ammonia to [ 1 5N]urea excreted in urine 3 hours after oral 
administration of the tracer gave values for patients wi th liver diseases which 
differed significantly from those of healthy subjects. 

[12] JUNG, K., METZNER, Chr., TEICHMANN, B., Der [ 1 5N]Ammoniumtest in der 
klinischen Forschung, Gastroenterol, J . 49 (1989) 118-121 . 

By use of the [ 1 5N]ammonium test the liver function is investigated under influence 
of hormonal contraceptives in women and in children wi th liver diseases. With the 
described noninvasive nonradioactive isotope test the ammonia detoxification 
capability and the urea synthesis capacity of the liver is determined by measuring 
of the 1 5N-excretion in ammonia and urea in the urine after oral administration of 
[ 1 5N]ammonium chloride. The [ 1 5N]ammonium test shows a significant influence of 
the hormonal contraceptives on the liver function and gives diagnostic evidence for 
liver diseases in children. 

[1 3] WAGENKNECHT, C „ JUNG, K., KINZEL, A., BARLEBEN, H., GERIKE, U., JUNKER, 
L., HEINE, H., Untersuchungen zum Stickstoff- und Eiweißtoffwechsel sowie der 
Zelllproliferation bei Patienten mit Hypertonie und Ateriosklerose mit Hilfe eines 
, 5N-Markierungstestes, Z. Klin. Med. 45 (1990) 1435-1437. 

A 1 5N-labelling test was used to characterize nitrogen and protein metabolism as 
well as cellular proliferation in patients with hypertension and arteriosclerosis. 
[ 1 5N]ammonia and [ , 5N]urea excretions were measured by means of a 
[ 1 5N]ammonium test in twelve patients wi th arterial hypertension of II and III 
severity grades, following oral application to them of [ 1 5N]ammonium chloride. The 
results thus obtained were compared to values recorded from a control group. 
Incorporation of 1 5 N into fibrinogen, lymphocytes, thrombocytes, and granulocytes 
was investigated in four patients. The possibility was established to determine 
alterations to nitrogen and protein metabolism in the context of various 
cardiovascular diseases. 

[14] BARLEBEN, H., WAGENKNECHT, C , JUNG, K. f JUNKER, L., REIMANN, H., 
HAMANN, K. HEINE, H., 15N~Tracertechnische Untersuchungen zum 
Eiweißstoffwechsel bei Arteriosklerosepatienten, Klin. Wochenschr. 68 (1990) 
518-522. 

The incorporation of the stable isotope , 5 N in plasma proteins and blood cells after 
oral application of 3 g , 5 NH 4 CI (95 atom percent 1 5 N) per 70 kg body weight was 
fol lowed up in 1 1 patients wi th ischemic heart disease or peripheral arteriosclerosis 
and in 7 healthy control subjects. Preliminary results indicate that the turnover of 
plasma protein, especially fibrin, is elevated in patients wi th arteriosclerosis. 
Investigations of platelet suggest a decreased turnover of platelet protein in patients 
wi th arteriosclerosis as compared to control subjects. Possible reasons for these 
alterations are discussed. 
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115] BOEHM, G., TEICHMANN, B., JUNG, K., Development of urea-synthesizing 
capacity in preterm infants during the first weeks of life, Biol. Neonate 59 (1991) 
1-4. 

The urea-synthesizing capacity of the liver was studied in 20 healthy preterm 
infants during the first month of life. The urea-synthesizing capacity was estimated 
by the ratio of , 5 N abundances of ammonia and urea in the 6-hour urine after 
administration of 3 mg 1 5N-labelled ammonium chloride/kg body weight. The ratio 
increases with increasing protein intakes from the 3rd week of life. On protein 
intakes of more than 3 g/kg/day from the 3rd week to the end of the 2nd month 
of life, the ratio decreases suggesting a maturation of the urea cycle during the first 
weeks of life. 

[16] BOEHM, G., MÜLLER, D.M., TEICHMANN, B., KRUMBIEGEL, P., Influence of 
intrauterine growth retardation on parameters of liver function in low birth weight 
infants, Eur. J. Pediatr. 149 (1990) 396-398. 

To establish nutritional management of low birthweight infants according to their 
individual metabolic situation, hepatocellular partial function was studied in 13 
appropriate (AGA) and 11 small-for-gestational-age (SGA) low birthweight (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 1 S N after enteral administration of 3 mg 1 5N-labelled 
methacetin g/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 cf ürea, increased excretion of ammonia in urine, and lower 
urinary 1 5N-excretion after enteral administration of 1 5N-labeled methacetin. The 
data suggest that hepatocellular functions are influenced by intrauterine 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. 

[17] BOEHM, G„ SENGER, H., SPENCKER, F.B.,HANDRICK, W., TEICHMANN, B„ 
KRUMBIEGEL, P., Effects of two antibiotics on hepatic function on low birth weight 
infants: ampictllin vs. cefotaxime, Pediatr, Infect. Dis. J. 10 (1991) 739-742. 

In 21 low birth weight infants with two regiments of antibiotic therapy during the 
first 3 days of life possible hepatotoxic side effects were studied 8 daya after the 
last administration of the tested drugs. Fourteen of the infants were treated wi th 
ampicillin/gentamycin and 7 received cefotaxime/gentamycin. The serum 
concentrations of total bile acids, the activities of transaminases in serum and the 
cumulative 1 5 N excretion in urine after administration of 3 mg of , 5N-labeled 
methacetin/kg of body weight were used as markers of hepatotoxic side effects. 
Neither the concentrations of total bile acids (22.6 + 12.1 and 19.4 + 10.8 mM, 
respectively) nor the activities of transaminases (alanine aminotransferase, 0.27 + 
0.06 vs. 0.30 + 0.09/ymol/second/L; aspartate aminotransferase, 0,46 + 0,11 
vs. 0.49 + 0,10 =) mol/second/L) were different between the two groups. In 
contrast the cumulative 1 5 N excretion in urine was significantly lower in the group 
treated with cefotaxime/gentamycin than in the group treated with 
ampicillin/gentamycin (17.2 + 6.4 vs. 33.0 + 5.1 % of intake; P < 0.01 ) and also 
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lower than the reported age-related reference values. On the 28th day of life no 
differences could be found between the cumulative 1 5 N excretion in the urine of the 
infants treated wi th cefotaxime/gentamycin and the reported age-related reference 
values of this test. The results indicate a limited capacity of the monooxygenase 
system of the liver of low birth weight infants during the first weeks of life and a 
specific reversible influence of cefotaxime on this hepatocellular system. Further 
investigations are required to evaluate the clinical relevance of this 
drug-specific inhibition of the hepatic monooxygenase pathway. 

[18] KRUMBIEGEL, P., FAUST, H., TEICHMANN, B., SPENCKER, F.-B., ROGOS, R-, 
Rapid non-invasive diagnosis of gastric Campylobacter pylori infection by a simple 
[ 1 5N 2]urea urine test, Eur. J . Nucl. Med. 16 (1990) 423. 

When stable isotope labelled [' 5N 2]urea was administered orally with a test meal, 
the high urease activity of Campylobacter pylori-infected individuals yielded 
1 5N-labelled ammonia. The 1 5 N abundance of the urinary ammonia and urea could 
be detected easily 3 hours later using a simple microdiffusion technique and 
emission spectrometric ' 5 N analysis. Individuals without gastric urease activity 
eliminated practically no [ 1 5N]ammonia over this period. This corresponds to an 1 5 N 
(ammonia)/ 1 5 N (urea) ratio less than 0.05. Infected individuals showed ratios above 
0.08 and reached ratios more than 0.20. Ten healthy subjects and fifteen patients 
wi th gastroscopio diagnosed C. 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. We conclude that the test is well suited 
for repeated application using the advantages of the non-distressing, 
non-radioactive, and simple method. 

[19] KRUMBIEGEL, P., FAUST, H., TEICHMANN, B„ SPENCKER, F.-B. 
[ 1 5N 2]Harnstoff-Urin-Test - Eine neue, nichtinvasive Methode zur Diagnostik der 
Helicobacter pylori-Gastritis, Z. Klin. Med. 46 (1991) 691-692. 

For the detection of mucosal Helicobacter pylori infection we present a new test 
method the protocol of which is quite different to the usual, invasive detection 
methods. It is based on the oral administration of the harmless, stable isotope 
labeled diagnostic agent [ 1 5N 2]urea and emission spectrometric measurements of 
the 1 5 N abundances of urea and ammonia in urine 3 hours iater. For the 1 5 N 
measurements the urinary ammonia was separated using a simple microdiffusion 
technique. Then was the urea N liberated in the remaining urine sample with sodium 
hypobromite for 1 S N analysis. Individuals without gastric urease activity eliminated 
practically no [ 1 5N 2]ammonia over this period corresponding to an urinary 
1 5N(ammonia)/ l 5N(urea) ratio R = 0.022 + 0.007 (mean + SD; n = 8). Patients 
wi th gastroscopically confirmed infection showed highly-significantly increased 
ratios; R = 0.121 + 0.056 (n = 8). An extended clinical study is under 
preparation. 

[20] KRUMBIEGEL. P., SENGER, H., SPRINZ, H., Sodium [ , 5N]taurocholate - a new 
stable isotope pharmaceutical to investigate the enterohepatic bile acid circulation 
non-invasively, Eur. J . Nucl. Med. 18 (1991) 6 7 1 . 



Sodium [ 1 sN]taurocholate (1 ( was synthesized by reacting t 1 5N]taurine - which was 
obtained from sodium 2-bromoethanesulphonate and [ 1 5N]ammonia, cholic acid, and 
the coupling reagent EEDQ. The identity and purity were confirmed by 'H and 1 5 N 
NMR spectroscopy, mass spectroscopy, and thin layer chromatography using 
unlabelled taurocholate and supposed impurities as reference substances. (1) was 
administered orally (7 mg/kg body mass) to a healthy proband first, in order to 
thoroughly study its reliability as a true marker of bile acid turnover. Urine and 
faeces were collected over 7 days. Urinary 1 5 N amounts (representative of 
deconjugated [ 1 5N]taurine and faecal , 5 N amounts [representative of eliminated (1 )] 
were estimated to find convenient sampling intervals for further studies. Balance 
investigations have shown that (1) should be well suited for a non-invasive, 
non-radio-active, simple urine test in paediatrics. The Local Ethical Committee has 
approved the study which is being continued including children with defects in 
enterohepatic bile acid circulation. 

[21] KRUMBIEGEL, P., GRÜNDER, W., BUCHALI, K., KELLER, T., Synchronized 
, 3 C- , 5 N-NMR spectroscopy to follow kinetics of glycine metabolization in the rat 
liver nondestructively, Isotopenpraxis 26 (1990) 518-519. 

A method is proposed for reiterated measurements by turns of 1 3 C and 1 5 N NMR 
signals at intact rat liver tissue. Eight minutes after Wistar rats had been injected 
[1,2-13C; 1 5N]glycine, the liver was excised and stored in the triple resonance 
probe-head of a 2.1 Tesla NMR spectrometer. Alternatively 1 3 C and l 5 N spectra 
were taken over some hours. Continued enzymatic activities of the liver tissue were 
seen in terms of metabolic changes of each of the carbon and nitrogen groups of 
glycine. Different half lives were found for the disappearance of the groups. The 
measurements gave insights into the kinetics and metabolism of an amino acid as 
an example to follow the vitality of an isolated organ non-destructively. 

[22] WAGNER, B., NICKEL, A., KRUMBIEGEL, P., TEICHMANN, B., PATMETH - ein 
Programmsystem zur Bearbeitung von Patientendateien und zur Auswertung von 
[15N]Methacetin-Lebertests, Z. Klin. Med. 46 (1991) 467-470. 

A general introduction to the principle underlying the [ 1 5N]methacetin liver function 
test is followed, in this paper, by an account of the PATMETH programme system. 
PATMETH can be used for two different purposes, handling of gastroenterology 
patient files and evaluation of the [ 1 5N]methacetin test. The latter may be done, 
using 1 5 N data in a file on the basis of a three-compartment model. The following 
liver performance indices were found to be obtainable from calculations of that 
kind: elimination half-time, amount of dosage eliminated up to nine hours as well 
as maximum elimination rate and its juncture. These indices may then be entered 
to the meters, may be used for differential diagnosis. The first two indices, 
elimination half-time and amount of dosage eliminated within nine hours, are printed 
out in what is called a medical letter and are compared to normal values. Clinical 
routine diagnosis and medical isotope research are major applications for PATMETH. 

[23] WINKLER, E.( Tracer kinetics: Modelling by partial differential equations of 
inhomogeneous compartments wi th age-dependent elimination rates. 
Part 1: General theory, Isotopenpraxis 27 (1991) 225-228. 



Mathematical models in tracer kinetics are usually based on ordinary differential 
equations which correspond to a system of kinetically homogeneous compartments 
(standard compartments). A generalization is possible by the admission of 
inhomogeneities in the behaviour of the elements belonging to a compartment. The 
important special case of the age-dependence of elimination rates is treated in its 
deterministic version. It leads to partial differential equations (i. e., systems wi th 
distributed coefficients) with the "age" or the "residence time"of an element of the 
compartments as a variable additional to "t ime". The basic equations for one 
generalized compartment and for systems of such compartment are given together 
with their general solutions. 

WINKLER, E., Tracer kinetics: Modelling by partial differential equations of 
inhomogeneous compartments wi th age-dependent elimination rates. 
Part 2: Examples of application, Isotopenpraxis 27 (1991) 228-233. 

The general theory of inhomogeneous compartments wi th age-dependent 
elimination rates given in part I in a deterministic frame by sets of partial differential 
equations is illustrated by examples. Mathematically, it turns out that models 
consisting of partial differential equations include ordinary, delayed and 
integro-differential equations, a general fact which is treated here in the context of 
linear tracer kinetics. The examples include standard compartments asa degenerate 
case, systems of standard compartments (compartment blocks), models resulting 
in special residence time distributions, models with pipes, and systems with 
heterogeneous particles. 



ADAPTIVE CHANGES IN BASAL METABOLIC RATE AND 
THERMOGENESIS IN CHRONIC UNDERNUTRITION 

P.S. SHETTY 
Nutrition Research Centre, St. John's Medical College, Bangalore, India. 

Abstract 

Metabolic adaptation during chronic undernutrition represents a complex 
integration of several processes which affect the total energy expenditure 
of the individual. Basal metabolic rate (BMR) is reduced; reductions in BMR 
per unit fat free mass {FFM) is difficult to demonstrate. BMR changes in 
undernutrition reflect the low body weight as well as alterations in the 
composition of the FFM; more specifically changes in the ratio of viscera to 
muscle compartments of the FFM. Thermogenic responses to 
norepinephrine are transiently suppressed but recover rapidly on repeated 
stimulation. Dietary thermogenesis is enhanced possibly the result of 
increases in tissue synthesis within the body. Changes in BMR and 
thermogenesis suggestive of an increase in metabolic efficiency is thus 
difficult to demonstrate in chronic undernutrition. 

1. SCIENTIFIC BACKGROUND AND SCOPE OF THE PROJECT 

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 the evaluating the role of metabolic adaptation to 
variations in energy intake. That individuals adapt to variations in intake is well recognised 
[1 ] . 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 estimating the 
energy requirements of individuals. To quote James [2], "the new approach to energy 
requirements established by an Expert group [3] has implied that energy metabolism does 
not readily adapt in man without concordant and potentially deleterious changes in body 
weight and spontaneous physical activity". Sukhatme & Margen have challenged this on 
statistical grounds so successfully that in the Fifth World Food survey [4] 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 basal metabolic rate (BMR) as 
suggested by the Expert group. The choice of the lower value as 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 the energy needs of 
desirable spontaneous physical activity in free-living subjects was badly needed. The 
doubly-labelled water (DLW) technique was ideally suited to fill this lacunae. A 
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Consultative Group of the ACC Sub-Committee on Nutrition of the United Nations has 
made a thorough examination of the Sukhatme - Margen hypothesis and proposed a 
number of protocols of increasing complexity in an attempt to test the hypothesis. The 
protocols envisaged 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 indirect calorimetry 
and stable isotopic tracer techniques. As a part of this co-ordinated approach to resolving 
this vexed question, it was proposed to study groups of individuals using indirect 
calorimetry and the doubly labelled water technique while being maintained on plus 25 
percent of their energy intakes during a 1 2 week period. It was envisaged that financial 
support would be forthcoming for the study from a funding agency while the required 
stable isotopes for the study would be made available by this Co-ordinated Research 
programme under this research contract. 

During the period under review, substantial progress has been made in the conduct 
of this investigation: 

(1) Orders were placed for the purchase of DLW soon after the initiation of the 
project under the CRP. However, due to the considerable demand for the 
isotope and the world-wide shortage of 1 B 0 in the market there were delays 
in the supply of DLW. Orders placed by the Rowett Research Institute, 
Aberdeen on our behalf have been complied to and the isotope has been 
delivered. 

(2) The original arrangement of the joint, multi-country project under this 
programme 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 Research Institute, Aberdeen. With the 
Department of Science and Technology (DST), Ministry of Science and 
Technology, Govt, of India, taking a decision to establish a Stable Isotope 
facility 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 tracer samples for this study will be made at 
Bangalore. It was hoped that this arrangement would provide sufficient 
experience and technical competence to the analytical facilities being set up 
here. Comparisons of analysis of some of the samples in two laboratories 
would also ensure quality control and reliability. With the grant made 
available by the DST, it was decided to acquire two independent isotope 
ratio mass spectrometer (IRMS) systems; one with a dual inlet dedicated to 
deuterium analysis using the standard zinc reduction method and the other 
for the analysis of 1 S 0 , 1 3 C and 1 5 N . The two systems have been acquired 
wi th all the necessary accessories from Europa Scientific, Crewe, UK and 
have been installed and have been operational since July 1 9 9 1 . 
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2. EXPERIMENTAL METHODS 

During the period under Report, several preliminary studies and analysis have been 
carried out. They are: 

(1) A comparison of Food Quotients (FQ) and Respiratory Quotients (RQ) in 
well-nourished controls and undernourished or chronically energy deficient 
(CED) subjects for deriving energy expenditure from C 0 2 production rates 
using the DLW technique. 

(2) A study on the effects of short-term supplementation on total energy 
expenditure (TEE) and Respiratory Quotients (RQ) of undernourished 
subjects. 

(3) A study of the rate of incorporation of deuterium into lipids in normal 
subjects and during positive energy balance in chronically energy deficient 
subjects. 

3. RESULTS 

Food quotients versus respiratory quotients for the calculation of energy 
expenditure measured by DLW technique. 

The DLW technique estimates the rate of production of C0 2 rather than 0 2 

consumption. This is a disadvantage since the energy equivalent of C 0 2 varies to a greater 
extent that the energy equivalent of 0 2 . The variation is determined by the substrate being 
oxidised which is indicated by the RQ. Since mean RQs of free-living subjects are not 
readily and continuously available, the earlier studies using DLW technique assumed an 
average value for RQ of 0.85 which was an approximation at best. Black and her 
colleagues [19861 suggested a more elegant approach for this by attempting to predict the 
RQ from the macro nutrient content of the subject's diet. This was termed the food 
quotient or 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. This is a crucial factor which can contribute to errors. Black et 
al. [51 have suggested methods for converting FQs into RQs under conditions of energy 
imbalance in adults. An additional problem is that of sequestration of the isotope which 
is likely to occur in any condition associated with positive energy balance. Isotope 
sequestration is an important issue that will be addressed later by the studies being 
conducted in well nourished and CED subjects. 

Comparisons of FQs calculated by methods suggested by Black et al. [5] and RQs 
actually measured in studies have been done by us under different experimental conditions 
in both well-nourished and CED subjects. 
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3 . 1 . Comparisons of Food Quotients of weighed intakes with mean 24-hour 
Respiratory Quotients by indirect calorimetry. 

The mean RQs obtained during a 24 hour-cycle in an indirect calorimeter 
were computed in both well-nourished controls and undernourished CED subjects while in 
the whole body calorimeter (Table 1). 

Differences between RQs and FQs were seen in the undernourished subjects only, 
with RQs being higher than FQs. The FQs were obtained from the composition of the 
actual food provided to the subjects during 36 hour calorimetry runs which are likely to be 
different from their habitual diets in terms of their macronutrient composition. 

3.2. Comparisons of Food Quotients from dietary recall with post-absorptive 
Respiratory Quotients. 

FQs calculated from dietary recall of 24 hour intakes over several days using 
the formula suggested by Black et al. [5] were made in a number of well-nourished and 
CED subjects and were compared wi th the 12-14 hour post-absorptive, early morning RQs 
obtained during the measurement of a basal metabolic rate (BMR). No differences were 
seen between the FQs and early morning, fasted RQs in either group of subjects (Table 2). 

As reported several times in the past [6,7] the fasting RQs of the undernourished 
were significantly higher than those of the well-nourished and their FQs also corroborated 
this, since the latter were habituated to a high carbohydrate diet. 

3.3. Comparisons of Food Quotients from weighed intakes with post-absorptive 
Respiratory Quotients. 

Comparisons of FQs from weighed intakes over several days wi th the RQs 
of the same subjects obtained during a standard BMR measurement showed FQs were 
lower than RQs (Table 3) and that the difference was statistically significant. 

3 .4. Comparison of Food Quotients and Respiratory Quotients before and after 
supplementation in undernourished subjects. 

The most significant differences in FQs and RQs were seen when 
comparisons of 24 hour dietary recall were made in undernourished subjects during a 12 
week refeeding study which included measurements made during refeeding wi th the 
supplementation diet. The mean 24 hour RQ while in a calorimeter was 1.02 while the 
FQs were comparable with the intakes and hence much lower (Table 4). 

The differences in FQs calculated from both weighed intake and 24 hour dietary 
recall were significantly different from the measured RQs. These undernourished subjects 
who were gaining weight wi th supplementation had very different mean RQs and FQs. 
These observations raise important technical problems related to the use of FQ values in 
the conversion of the rates of C 0 2 production to total energy expenditure in conditions of 
energy imbalance, This has considerable relevance to the study on metabolic adaptation 
which involves underfeeding or overfeeding by at least 25 percent intake for a period of 
12 weeks as per the ACC/SCN protocols. Attempts have been made to address these 
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issues. The results may have an important bearing on the increasing use of DLW 
techniques in population groups world-wide. 

3.5. An evaluation of the errors associated with the use of C 0 2 production rates 
alone when calculating energy expenditure. 

The use of the DLW technique results in estimation of total energy 
expenditure (TEE) of human subjects from measures of C 0 2 production rates alone i.e., 
without measuring 0 2 consumption of the subject. In this situation: 

TEE = C 0 2 production (litre)* Energy equivalent of C 0 2 (kJ per litre) 

The energy equivalent of 1 litre of C 0 2 (E eg CO?) varies considerably more than 
that of 0 2 (E eg Q 7). Hence in situations where C 0 2 alone is used to predict TEE, it is 
essential that an appropriate E eg CO, for the body is assumed. Since E eg CO, and E eg 
0 2 of the individual fuels of the body such as carbohydrates, proteins, and fats or their 
mixtures are related to the RQ, the RQ can be used to obtain an approximate estimate of 
E eg C 0 7 and E eg Q 2 . The problem of course is to obtain a representative RQ or FQ which 
would be truly indicative of the E eg CO., of the body. The E eg CO., of the human diet 
may vary from 21.8 to 24.2 kJ per litre with an FQ range of 0.83 to 0.95, a variability 
confirmed by dietary intake studies in over 147 countries [8]. 

When the body is in nutrient and energy balance, then: 

RQ = FQ and E_eq CO ? of the body = E eg CO, of the diet. 

This may not however apply to situations where energy imbalance exists. During 
positive energy balance as during overfeeding when excess energy is largely being 
deposited as fat, then: 
RQ > FQ and E eg CO ? of the body < E eg CO, of the diet. 

During negative energy balance as in situations associated with body weight loss, 
the deficit of energy will be made up largely by the oxidation of endogenous fat, and then: 
RQ < FQ and E eg CO ; of the body > E eg C 0 ? of the diet. 

Hence RQ and FQ values can introduce errors in the estimation of TEE in situations 
of energy or nutrient imbalances. Diets with low E eg CO, and correspondingly high FQs 
will have a more pronounced effect on the E eg CO, of the body for a given degree of 
energy imbalance [8]. The degree of energy imbalance has to be however fairly large to 
produce substantial errors in the E eg CO, of the body. Underfeeding or overfeeding to the 
extent of 50% of TEE will alter E eg CO, of the body and its RQ by 4 to 11 % depending 
on the composition of the diet. Such a degree of imbalance over a period of 2 weeks i.e. 
the usual duration of a DLW study may be detected as body weight changes in the 
subjects and these can be used to correct for the errors. It is however important to 
remember that RQ and FQ values used in the conversion of C 0 2 production rates to 
estimates of TEE using energy equivalents of C 0 2 can account for a substantial proportion 
of the errors associated with this method when used in free living subjects who are not 
in zero energy balance. 
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3.6. Short-term energy supplementation of undernourished or chronically energy 
deficient adult subjects. 

This study involved measurements of body composition and 24 hour energy 
expenditure measurements by whole body indirect calorimetry in 9 chronically energy 
deficient adult males. The measurements were made prior to, during, and following 12 
weeks of an additional supplement to the habitual diet. The supplement consisted of two 
snacks being provided for a period of 23 weeks equivalent to 800 kCal energy and 1 5 gm 
protein every day. The chronically undernourished subjects were physically active, non-
anaemic adults aged between 18 to 28 years. They were from a poor socio-economic 
background resident in a nearby urban slum. The mean height of the subjects was 165 
cm, mean body weight approximately 45 kg and mean body mass index (BMIs) were < 
18.5. Body composition was estimated by densitometry and by anthropometry while 24 
hour energy expenditure (TEE) and basal metabolic rates (BMR) were assessed by indirect 
whole body calorimetry [9]. In addition, both non-shivering thermogenesis in response to 
intravenous norepinephrine infusion and diet induced thermogenesis following a standard 
liquid meal stimulus were assessed prior to and after the 12 weeks of supplementation. 
BMR measurements were made serially throughout the study along wi th measures of 
changes in body composition. 

The results of this refeeding study of undernourished subjects showed that energy 
supplementation produced an increase in body weight, in fat-free mass (FFM) and in fat 
content (Table 5). The results of the serial changes in body composition during 
supplementation indicate that the total increase in body weight occurred over the entire 
1 2 week period, 7 2 % of the increase occurred within the first 3 weeks of feeding, wi th 
almost equal proportions of fat and FFM being gained. The RQs seen during the BMR 
measurements made serially during this period showed a significant increase, wi th RQ 
values > 1.0 from the third week onward [10]. It is well recognised that extra 
carbohydrate provided in the diet of animals results in greater amounts of carbohydrate 
oxidation in the fasted state [11]. Human studies have also shown that an excess of 
carbohydrate consumed (i.e. 1 500 kCal per day over 7 days) resulted in RQs of 1.5 which 
were associated wi th an increase in BMR possibly due to an increase in the costs of de 
novo lipogenesis [12] . Fasting substrate oxidation rates calculated in our refeeding studies 
also support the conclusion that possibly de novo lipogenesis as well as protein synthesis 
was occurring in our subjects with the use of carbohydrate as the predominant fuel being 
oxidised. The data also indicate that body fat constitutes a greater proportion of the 
weight gained (72%) from the third week of supplementation onwards, while at the same 
time the RQs rise above 1.0. Once body weight gains level off, about the ninth week of 
supplementation and no further substantial gain in body fat occurs, then the RQs t¿nd to 
return to basal levels. The percent increase in body fat content compared to pre-
supplementation levels was 21.2 %, 21.7 %, 21.3 % and 19.7 % during the 3rd, 6 th, 9th 
and 1 2th weeks of supplementation respectively. 

BMRs showed an increase [10] as the supplementation proceeded (Table 5). 
However, no differences were observed between pre-supplementation and the 1 2 week 
post supplementation measurements of thermogenic responses to norepinephrine [13] and 
dietary stimulus [14] in these subjects. 

The findings of this study have implications to the possible interpretation of data 
using DLW techniques in human subjects during states of energy imbalance. Haggarty 
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[15] has analyzed the consequences of isotope sequestration and the subsequent 
exchange of the sequestered isotope with the body water pool in the interpretation of the 
DLW technique. The process of lipogenesis from 2 carbon units provides a route for the 
entry of water hydrogen into the stable carbon-hydrogen bonds of the fatty acid molecule. 
It has been estimated that about 4 5 % of hydrogen atoms of newly synthesised fatty acids 
are derived from body water [16]. Haggarty [17] has suggested that for deuterium the 
sequestration value for fat should be 53%; i.e. 53% of the hydrogen of newly synthesised 
fatty acid will be derived from water labelled with deuterium. He has also summarised the 
data indicating that sequestration may be occurring in human subjects also during de novo 
lipogenesis. Although it is assumed that this may be a relatively small effect, it cannot be 
dismissed readily under the following two experimental situations: 

(1) when designing studies which are likely to induce conditions of energy 
imbalance such as the present study which produced body weight gain, 
more specifically an increase in body fat resulting in possible sequestration 
of isotope; 

(2) when the DLW water technique is used to estimate energy expenditure in 
conditions of energy imbalance, as in the present study, since the 
sequestration process is likely to underestimate the rate of production of 
C 0 2 and will add to the errors associated with this technique. 

Three important issues have been raised thus far in this report: 

( 11 the errors associated with the use of RQ or FQ in the conversion of rates of 
C 0 2 production to estimates of energy expenditure; 

{2] the errors associated with the use of C 0 2 production rates alone in arriving 
at estimates of energy expenditure; 

(3) the errors that may underestimate C 0 2 production rates in situations where 
sequestration of the isotope is likely to occur. 

All three issues may indeed be limitations of this isotopic tracer method particularly 
in conditions of energy imbalance. This needs to be recognised and dealt with. A recent 
study [1 8] conducted in 6 subjects, half of whom were overfed and the other half partially 
energy restricted, showed that the estimated rate of C 0 2 production by the DLW technique 
was under estimated by 17% 32.4%, 13.5% and 10.2% in 4 of the 6 subjects when 
compared with whole body indirect calorimetry over a period of 12 days. The contribution 
from a predicted maximum effect of sequestration due to nutrient deposition in the 3 
subjects who were overfed accounted for only between 4 .6% to 6.7% of the 
underestimate of C 0 2 production. It is likely that isotopic variations in the background may 
have contributed to the rest of the error. 

These issues have enormous implications to studies that have been suggested and 
protocols developed by the ACC/SCN Sub-Committee since the objective of these studies 
is to look for metabolic adaptation. The studies are designed to look for small increases 
in metabolic efficiency. The small errors in the DLW method in particular may be crucial 
and need to be considered seriously before arriving at far reaching conclusions when the 
tracer techniques are used in these protocols. 
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3.7. Sequestration of deuterium into lipids in normal subjects and during positive 
energy balance by refeeding in chronically energy deficient subjects. 

The validity of the DLW technique depends on a number of assumptions one 
of which is that there is no loss of either of the isotopes i.e., 2 H or 1 s O , as products other 
than H 2 0 or C 0 2 . The DLW method thus assumes that both tracers are lost only from the 
body water pool either in water or as C 0 2 and hence any other transformation in the body 
involving these isotopes will introduce an error into the calculations of the rate of 
production of C 0 2 . If deuterium was lost by any other route other than water this would 
cause an over-estimation of water flux and the difference between the deuterium flux rate 
and the oxygen- 18 flux rate, i.e., the rate of production of C 0 2 , would be under 
estimated. Deuterium incorporation into body solids during reductive biosynthesis can 
cause such as error in the estimation of C 0 2 production rate. From calculations it has been 
estimated that the greatest potential for isotopic sequestration occurs in fat followed by 
carbohydrate and lastly protein. Of these, fat is the only one which could significantly 
affect the accuracy of the estimates of C 0 2 production rate while using the DLW 
technique. 

In a collaborative study being carried out by the Rowett Research Institute, 
Aberdeen and the Nutrition Research Centre, Bangalore, the extent of sequestration of 
deuterium is being investigated in both weight-stable well-nourished adults and in 
chronically undernourished subjects while they are being supplemented and hence in 
positive energy balance. The experimental protocol is illustrated graphically in Fig 1. 

Figure 1 represents the phase I of the study which lasted for 4 weeks. On day 0 , 
subjects were given an infusion of norepinephrine to stimulate lipolysis and a 200 ml blood 
sample was obtained for the extraction and analysis of blood lipids. They were then given 
deuterium to raise their body water enrichment by 500 ppm over the normal background 
enrichment of about 1 50 ppm. In the first two weeks, the subjects were given enough 
deuterated water each day to maintain their body water enrichment at 500 ppm excess. 
At the end of this 2 week period, the norepinephrine adminstration and the blood sampling 
protocol was repeated. Deuterium estimations of urine and blood were carried out using 
the IRMS acquired by the Nutrition Research Centre, Bangalore recently, while the plasma 
extracted from the blood samples obtained before and after the daily administration of 
deuterium was transferred to the Rowett Research Institute, Aberdeen, for the purpose of 
analysis. The plasma samples would be used to separate lipid; both VLDL and FFA and 
the extent of 2 H incorporation into these lipids will be measured. 

The experiments have been carried out in 9 well-nourished young adu l t s . In each 
group, only 6 subjects have been dosed wi th 2 H 2 0 and their bloods collected following 
intravenous norepinephrine infusion on two occasions. The other 3 s1 .'Djects were not 
dosed but provided daily and weekly urine samples for monitoring the changes in 
background enrichment over the duration of the study. The results of the deuterium 
analysis during this study in both the subjects who were dosed and controls is shown in 
Table 6 and also diagrammatically represented in Fig 2. 

During phase II of the study, the subjects continued to collect weekly spot urines 
while on normal water intakes for up to 16 - 20 weeks after the initial dosing. The 
deuterium concentrations were estimated at Bangalore. The results of the deuterium 
concentration are presented in Table 7 and are being sequentially analyzed at the Rowett 



to look for recycling of the sequestered deuterium which is likely to maintain the 
enrichment of the isotope over and above the background levels around 1 2 - 1 6 weeks 
after the initial dosing. 

4 . CONCLUSIONS 

The studies carried out under the CRP programme of the IAEA have led us to 
conclude the following: 

(1) Food Quotients do not always reflect the Respiratory Quotients and hence 
may affect the estimates of total energy expenditure made using the DLW 
technique. 

(2) Energy imbalance following increases in energy intake by supplementation 
of food affects the Respiratory Quotients and hence estimates of energy 
expenditure and 

(3) Sequestration of the isotope during periods of supplementation may 
influence the estimates of energy expenditure during periods of energy 
imbalance in human subjects. 
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TABLE I. MEAN 24 hr RQ FROM INDIRECT CALORIMETRY vs FQ 
FROM WEIGHED FOOD INTAKE 

Subjects RQ FQ P Value 

Well-nourished 0.83 0.82 NS 

Under-nourished 0.93 0 .90* P<0 .01 

TABLE II. RQ FROM BASAL METABOLIC RATE vs FQ FROM 
DIETARY RECALL 

Subjects RQ FQ P Value 

Well-nourished 0.86 0.84 NS 

Under-nourished 0.95 0.94 NS 

TABLE III. RQ FROM BASAL METABOLIC RATE vs FQ FROM 
WEIGHED INTAKE 

Subjects RQ FQ P Value 

Well-nourished 0.85 0.81 P < 0 . 0 2 

Under-nourished 0.93 0.88 P<0 .05 

TABLE IV. RQs and FQs BEFORE AND AFTER SUPPLEMENTATION 

Pre-supplementation Post-supplementation 

RQ 
FQ 

RQ 
FQ 

RQ 
(dietary 
recall] 

RQ 
(dietary 
recall) 

(weighed 
intake) 

0.95 0.92 1.02 0 . 9 1 * 0 .92* 



TABLE V: BODY COMPOSITION AND BASAL METABOLIC RATES OF SEVEN 
CHRONICALLY UNDERNOURISHED SUBJECTS, BEFORE AND DURING 
SUPPLEMENTATION 

Pr»-
DURING SUPPLEMENTATION (WEEKS) 

supplementation 3rd 6th 9th 12th 

Body weight (kg) 43.5 (0.8) 44.8 (1.0)' 45.4 (1.0)' 45.3 (0.9) 45.3 (1.1) 

Fat (kg) 4.8 (0.3) 5.4 (0.4)' 5.9 (0.4) 1 5.9 (0.5) 5.8 (0.6) 

FFAA (kg) 38.7 (0.8) 39.4 (0.9)' 39.5 (0.8)" 39.4 (0.7) 39.5 (0.9) 

Corrected arm 
muscle area(cm2) 

28.6 (1.1) 29.3 (0.9) 29.8 (1.0) 29.8 (1.3) 29.3 (1.2) 

RQ 0.97 (0.03) 1.08 (0.04) 1.17 (0.06)' 1.13 (0.04) 0.98 (0.04)' 

BMR (MJ/d) 4.81 (0.11) 5.21 (0.10) : 5.43 (0.10)' 5.65 (0.08) 1 5.89 (0.28)' 

BMR.WT-1 
(kJ/kg/d) 

110.5 (2.5) 116.4 (2.4)' 119.7 (3.0)' 125.0 (3.0) 1 129.8 (5.4)" 

BMR.FFM-1 
(kJ/kg/d) 

124.3 (2.3) 132.3 (2.2) r 137.5 (2.9)* 143.4 (2.4) T 148.5 (5.2) 

Values are Mean (SEM); Overall significance assessed using an ANOVA for 
repeated measures 

P < 0.05; T P < 0 .01; ' P < 0.005; 



TABLE VI: DEUTERIUM LEVELS (in ppm) IN SEQUESTRATION STUDY 

Predose Post dose 

Subject 
(urine) 

4 hr 
(plasma) 

day 1-14 
(urine) 

day 21 
(urine) 

day 28 
(urine] 

EOOl 153.7916 
(±1.0246) 

671.3236 
(±0.9588) 

706.5119 
(±1.0085) 

433.9322 
(±1 .3101) 

284.7037 
(±0 .6849) 

E0O2 153.6221 
(±0 .7561 

721.9221 * 
(±6 .8150) 

770.4349 
(±1.7132) 

520.3071 
(±1 .0747) 

333.6667 
(±0.9048) 

E003 152.868 
(±0 .8998) 

657.4569 
(±0 .9608) 

703.1458 
(±0.8192) 

507.2196 
(±2 .7415) 

347.4060 
(±2.1524) 

E004 154.2716 
(±0.9948) 

707.1252 
(±2.2626) 

651.3972 ' 
(±4.6728) 

329.3466 
(±2.4551) 

223.4970 
(±0.772) 

E005 153.8188 
(±0.4974) 

727.2550 
(±1.8894) 

756.0982 
(±1.9157) 

542.7584 
(±0 .8582) 

360.4940 
(±1 .0891 

E006 153.9292 
(±0.6083) 

646.7977 
(±2.4627) 

548.6115 
(±0.5595) 

260.8186 
(±0 .8477) 

183.6070 
(±0 .021) 

C-1 154.3946 
(±0.6234) 

153.9221 
(±0.8659) 

156.1202 
(±0 .3494) 

156.1310 
(±0 .179) 

C-2 154.1734 
(±0.1343) 

— 152.4202 
(±0.2839) 

154.3797 
(±0.3093) 

154.5120 
(±0.0685) 

C-3 156.1779 
(±0.1290) 

— 156.1009 
(±0.3657) 

156.1255 
(±0 .0061 

156.9517 
(±0 .1791 

Dose administered 19.076 g of 99.9% D20 per 50 kg body weight 
Maintenance dose: = 1.81 3 g of 99.9% D20 per 50 kg body weight 
Mean ( ± SD ) - need to be repeated 



TABLE VII: LEVELS OF DEUTERIUM {in ppm) IN BODY FLUIDS (URINE) OVER 
WEEKS AFTER INITIAL DOSING 

SUBJECTS: 
A Sh 1 Su An C 

WEEKS 
A Sh 1 Su An C 

5 216.4015 250.4226 - 176.6926 - 163.8009 

6 190.8589 - - 161.8700 213.8543 157.6332 

7 169.2429 188.6395 186.9018 160.6145 184.3615 -

8 144.9610 - - - 176.6202 155.1570 

9 - - 162.2289 156.3120 163.8405 1 51.5014 

10 152.4005 162.5526 157.6199 156.1252 160.0087 154.7099 

1 1 153.8742 161,1819 158.3765 - 156.5932 152.3509 

12 154.4566 159.4369 163.9424 - 156.1667 -

13 154.3791 156.2841 157.4663 - - -

14 154.3983 156.4053 155.6120 - 164.3977 155.1853 

15 1 55.2922 158.1958 - 155.1888 164.7593 155.7192 

16 154.8292 157.0106 155.3904 155.0188 154.7702 156.0628 

17 - 157.2381 - 154.5588 154.8432 -

18 156.4187 155.3265 154.4154 - 153.2937 156.9100 
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MEASURED 2 H 2 0 ENRICHMENT IN SEQUESTRATION STUDY 

Figure 2 
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OF LACTATING MOTHERS AND BREAST-FEEDING CHILDREN 
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Abstract 

This project was carried out as part of a larger project whose objective is to 
investigate the causes of linear growth retardation of the African child in the 
Sahelian ecozone. It has been carried out as a joint venture between the 
National Institute of Nutrition of Italy, the ORSTOM, Montpellier, France and 
the ORANA, Dakar, Senegal. 

The original purpose of the project was to establish the rates of energy 
turnover in normal and growth retarded children and their mothers by 
assessing the energy expenditure and breast milk intake of the children, and 
the maternal energy expenditure plus breast milk production. These 
objectives were to be met by the use of2H2'80 to label total body water and 
measure energy expenditure by the doubly labelled water (DLW) method. 

However, due to technical and analytical difficulties, it is not possible to 
reproduce here the results of the 2H2

1S0 investigations. This report is 
therefore mainly concerned with describing the protocols that were 
developed and the anthropometric data. Weight velocity is depressed, 
particularly during some months. The weight-for-height approximatedNCHS 
median values. However, weight-for-age and height-for-age were 
depressed. Mothers' mean body mass index was 22 (18 to 32), and bore 
no relationship to the anthropometric indicators of nutritional status of the 
respective children. Throughout the year, anorexia, fever, and diarrhoea are 
inversely correlated to weight gain, with some seasonal differences noted. 
Children who were breastfed spent approximately 5.3 hours per day in 
mothers' arms, of which 1.1 hours per day were during breast-feeding. 
Seasonal differences in activity patterns of women, and the time they spend 
for food procuring and preparation may help to explain the weight and 
growth trends found in the children in this study. 
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1. SCIENTIFIC BACKGROUND AND SCOPE OF THE PROJECT 

Growth retardation is an almost universal phenomenon in developing countries (DC), 
affecting a large proportion of the population. The first ACC/SCN report on the world 
nutrition situation [1], although far from being as complete as desirable, showed that up 
to 70% of the children in Africa below age of 5 years can be severely stunted (stature 
below the 3rd percentile or -2SD of the international standards). The indicator of ponderal 
growth (weight-for-height) shows a consistently better situation, with less than 3 0 % of 
the children being below 2 SD of the international weight-for-height standard. 

Spurr [2] has extensively investigated the functional capacity of malnourished 
Colombian children. While total oxygen uptake during standardised exercise has been 
shown to be lower in stunted children, the difference was not significant when the results 
were normalized for body weight. In adults, smaller stature has not been found to be 
associated with any risk factor but it is recognised that a stunted adult has a lower 
maximum work capacity [3]. This functional handicap is both undesirable and preventable. 
An understanding of the nutritional causes of stunting is still lacking. 

Major or minor illnesses, hormonal disorders, inadequate food intake, specific 
deficiency of various nutrients, and psychosocial deprivation are some of the large number 
of factors which have been recognised as potential causes of retarded growth. In order 
to correctly plan and implement preventive and/or therapeutic measures, it is operationally 
important 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. 

The purpose of the project was to assess the energy turnover in normal and growth 
retarded children. Energy expenditure and breast milk intake of the children, and of breast
feeding mother-child were the main tools used to meet the objectives. 

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 

2. EXPERIMENTAL METHOD 

2 . 1 . 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 Ciourbel, 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). A large proportion of men (up to 70%) 
tend to migrate seasonally to nearby cities (Dakar) for paid employment. 
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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. 

2.2. STUDY SAMPLE 

The larger study recruited three cohort of 35 children each (average ages at 
recruitment equalled 10 days, 12 months and 24 months) 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 successfully 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 and 2 illustrates the age breakdown and the anthropometric characteristics of the 
subjects of the two groups who successfully completed the study. 

2.3. PROTOCOL 

2.3.1. Anthropometry 

The entire sample (105 children) were followed fortnightly for 18 months, 
assessing body weight and illness every two weeks and measuring height once a month. 
Body weight was measured over calibrated digital scales to the nearest 20 grams. Height 
was measured wi th a board graduated in millimetres in a recumbent position up to 23 
months, then in standing position for children of 24 months and over. 

During fortnightly visits to the families, a medical assistant assessed children's 
health status (fever, anorexia, diarrhoea and coughing). 

Weight and height velocities of children were calculated from consecutive 
measurements of weight and height and are expressed in grams and millimetres per day. 

2.3.2. Energy expenditure and breast milk intake 

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 mother-child dyad. Both protocols used 2 H 2

1 B 0 to 
measure total body water and were energy expenditure. 
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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 bolus 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 1 5 days respectively. 

The doses were calculated as follows: 

Protocol 1. {dose to the baby): 0.28 g H 2

, 8 0 and 0.1 g 2 H 2 0 /kg body wt of child 

Protocol 2. {dose to the mother): 

a) mother : 0.3 g H 2

1 8 0 and 0.1 2 g 2 H 2 0 /kg estimated body water of 
mother 

b) baby : 0.4 g 2 H 2 0/kg body w t of child 

These doses were calculated to achieve an initial enrichment of body water of 
approximately 500 fold for oxygen and 1000 fold 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 subjects' 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. 

2.3.3. Plan of Operation for Protocol 1 

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 0.001 g). 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 31 9 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 experi
mental days. 

Body weight was measured daily over calibrated digital scales to the nearest 20 
grams, first thing in the morning after emptying the bladder. 

All food intake 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 handfuls 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 4 times by double weighing. 

Minute by minute, records of physical activity of the child were kept by an 
observer, wi th 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. 

2.3.4. 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 1 6 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 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 1 1 days. 

B. Child 

Two baseline overnight urine samples were collected on day -1 and 0. 
Other morning urine samples (not overnight) were collected 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 1 2 hours from the deuterium 
dose. A total of 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 , physical activity and 
health conditions were recorded for 15 days (14 hrs/d, from 7arr¡ to 9pm: in total 210 
hrs over 1 5 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 . 

3. 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 

57 



performance appears to be typical of a developing country, wi th a marked degree of 
underweight (Weight/Age) and stunting (Height/Age), while wasting (Weight/Height) is 
of a lesser degree. 

The average weight-for-height is in fact close to the NCHS reference population for 
children aged 0-11 months. Values decrease between 16 and 21 months reaching a 
plateau at -1 Z-score. After 21 months the weight-for-height index appears to be stable. 

Out of 36 children aged between 8 and 36 months, 20 have a stature below the 
3rd percentile of the international standards, the groups mean stature being -2.2 Z score. 
This is equivalent to P4 of the standard. Their weight was likewise very low, being for 1 6 
of them less than the 3rd percentile. There is a clearly visible trend towards a worsening 
of the situation wi th 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. 

With regard to the growth velocity, children from 13 to 43 months constitute a 
homogeneous group. The mean values are not significantly different, according to one 
way ANOVA. The yearly mean weight velocity was 5 grams per day, reaching 10 grams 
per day in the second part of the year (September to January). This is the harvest season, 
at the end of the rainy season. This velocity slows down to only 2 grams per day during 
February and March, the cool part of the dry season, and between June and August, the 
beginning of the rainy season which corresponds to the traditional food shortage period. 
Height velocity was on average 8 mm per day all over the year. As expected it showed 
its minimum value few months later than the hungry season, reaching 4 mm per day in 
September and October. 

The mothers appeared to be in good nutritional status (mean 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 anthropometric indicators of nutritional status of their child. 

Days of illness per child vary throughout the year, and range from more than 6 days 
per month in February and throughout the rainy season (July to October), to less than 5 
days during the other months of the year. However illness occurrence is not normally 
distributed. Spearman rank correlation coefficient analysis indicates that throughout the 
year anorexia and diarrhoea are inversely correlated to weight increment; there is a 
significant inverse relationship between weight increment and infections [number of days 
of fever), as well as there is a significant inverse correlation between weight increment and 
diarrhoea during the rainy season (July to October). 

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 1 1 hours or 
4 8 % of the day). The children were just beginning to crawl around, and on average 5% 
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 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 f i f th of the day, 
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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. 

Although the theoretical basis of the DLW method is promising for estimating 
energy expenditure in free living individuals, our VG Isogas Aqua-Sira dedicated mass-
spectrometer has proven unreliable and unsuitable for research purposes. The instrument 
displayed random analytical errors in the analyses of deuterium and 1 8oxygen abundance 
in biological fluids (urines and milk). This made the obtained results unreliable, ambiguous 
and unworthy to be presented in a scientific report. Moreover, the serious and repeated 
breakdowns of the instrument produced prohibitive maintenance and repair costs which 
were not rewarded by reliable performance. The National Institute of Nutrition was 
therefore obliged to abandon this approach for measuring the energy turnover. 

4. CONCLUSIONS 

Weight velocity is less than 2 grams per day during February and March and from 
June to August. Annual average weight gain per day is 5.0 grams instead of 5.8 grams 
of the NCHS group. 

As the adults' nutritional status cannot be regarded as a poor nutritional status, the 
relative food shortage which occurs in September and October, cannot explain by itself 
the seasonal differences of weight velocity. We believe that the seasonally different 
pattern or activities of women and the time they have to spend for food procuring and 
preparation may help to explain the trend found in this study. 
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TABLE I. ANTHROPOMETRIC CHARACTERISTICS OF STUDY CHILDREN 

SEX AGE HEIGHT WEIGHT HEIGHT/AGE WEIGHT/AGE WEIGHT/HEIGHT 

months cm kg (a) (b) le) (a) (b) (c) (a) ib) <c) 

F 8 65 7.2 -1.5 7 94 -1.0 15 88 0.3 62 103 
M 8 67 8.3 -1.5 7 94 -0.5 31 95 0.8 76 108 
F 8 65 9.3 -1.5 7 94 1.2 88 114 3.2 100 133 
M 9 64 7.3 -3.2 0.1 88 -1.9 3 80 0.6 74 107 
M 9 67 7.7 -2.0 2 93 -1.5 6 84 0.1 50 100 
M 10 65 7.2 -3.3 0.1 88 -2.4 0.9 75 0.1 55 101 
M 11 71 9.2 -1.5 7 95 -0.7 25 93 0.5 67 104 
M 11 66 6.8 -3.3 û 88 -3.1 0.1 69 -0.9 20 92 
F 12 71 7.2 -1.2 12 96 -2.2 1 76 -1.8 4 83 

M 19 75 10.6 -2.7 0.4 90 -0.9 19 90 0.9 81 108 
M 20 72 8.0 -3.9 0.0 85 -3.1 0.1 68 -1.4 8 88 
F 21 79 9.7 -1.5 7 94 -1.4 8 85 -0.8 21 93 
M 21 80 11.4 -1.6 6 94 -0.5 31 95 0.5 69 104 
F 21 77 8.5 -2.1 2 92 -2,4 0.9 75 -1.8 4 85 
F 21 81 9.3 -0.9 19 96 -1.7 4 82 -1.7 5 86 
M 21 77 8.7 -2.5 0.6 91 -2.7 0.4 72 -1.9 3 85 
M 21 76 9.9 -2.8 0.2 89 -1.7 5 82 -0.2 43 99 
F 22 79 9.3 -1.8 4 93 -1.9 3 81 -1.3 10 89 
M 22 80 9.7 -1.8 3 93 -2.0 2 79 -1.4 8 89 

M 31 79 9.6 -3.4 0.0 87 -2.9 0.2 70 -1.2 12 89 
F 32 80 9.4 -3.1 0.1 88 -2.9 0.2 70 -1.3 9 87 
F 32 88 11.3 -0.8 20 97 -1.5 7 84 -1.1 14 91 
F 32 87 13.5 -1.1 13 96 0.1 52 101 0.9 81 110 
F 33 84 11.3 -2.1 2 92 -1.6 5 84 -0.3 38 97 
F 33 84 10.4 -2.1 2 92 -2.3 1 76 -1.2 12 89 
F 34 85 10.4 -2.1 2 92 -2.4 1 76 -1.3 9 88 
M 34 88 11.5 -1.5 7 94 -1.8 4 81 -1.2 13 90 
M 34 81 9.4 -3.4 0 87 -3.2 0.1 66 -1.8 4 84 
F 36 83 10.8 -2.9 0.2 88 -2.2 1 77 -0.6 28 95 
M 34 81 9.4 -3.4 0.0 87 -3.2 0.1 66 -1.8 4 84 
F 36 83 10.8 -2.9 0.2 88 -2.2 1 77 -0.6 28 95 

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



TABLE II. ANTHROPOMETRIC CHARACTERISTICS OF STUDY CHILDREN 

SEX AGE HEIGHT WEIGHT HEIGHT/AGE WEIGHT/AGE WEIGHT/HEIGHT 

months cm kg (a, (b) (c) (a) (b) (c) (a) (b) (c) 

Children 

F 8 - 8.7 - - 0.6 71 107 - - -
e 9 - 8.0 - - -0.6 28 95 - - -
M 9 70 7.7 -0.9 18.9 97 -1.5 6 84 -1.1 13 90 
M 9 67 7.6 -2.0 2.2 93 -1.6 5 83 -0.1 45 99 
M 9 69 7.2 -1.3 10.4 95 -2.0 2 78 -1.4 8 87 
F 12 72 10.1 -0.8 20.8 97 0.6 71 106 1.5 94 114 
M 13 69 7.5 -3.0 0.1 89 -2.8 0.3 72 -1.0 15 91 
F 16 72 8.3 -2.3 1.1 91 -1.9 3 79 -0.7 23 93 
F 17 72 7.4 -2.6 0.5 90 -2.8 0.3 70 -1.8 3 83 

SEX AGE HEIGHT WEIGHT BMI 

years cm kg kg/sqm 

Mothers 

F 30 153 54.7 23 
F 21 163 59.9 23 
F 21 161 52.9 21 
F 30 169 91.8 32 
F 18 158 45.8 19 
F 30 170 74.0 26 
F 30 162 48.6 19 
F 27 169 58.0 20 
F 18 160 45.5 18 
F 17 155 46.1 20 

(a) Z score; (b) Percentile; (c) % of standard 
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TABLE III. SUMMARY TABLE OF ANTHROPOMETRIC CHARACTERISTICS OF 
STUDY CHILDREN 

SEX AGE HEIGHT WEIGHT HEIGHT/AGE WEIGHT/AGE WEIGHT/HEIGHT 

months cm kg (a) (b) (c) (a} (b) |c) (a) (b) |c) 

GROUP 1 

MEAN 9.6 67.0 7.8 -2.1 4 92 -1.4 19 86 0.3 57 104 
SD 1.5 3 0.9 0.9 4 3 1.3 28 14 1.3 29 14 

GROUP 2 

MEAN 20.9 78.0 9.5 -2.2 4 92 -1.8 7 81 -0.91 25 93 
SD 0.9 2.8 1.0 0.9 6 3 0.8 10 8 1.0 29 8 

GROUP 3 

MEAN 33.1 84.0 10.7 -2.3 5 91 -2.1 7 78 -0.9 22 92 
SD 1.5 3.2 1.2 0.9 7 4 0.9 16 10 0.8 23 7 

TOTAL 

MEAN 21.2 76.0 9.4 -2.2 4 92 -1.7 11 82 -0.5 35 96 

(a) Z score; (b) Percentile; (c) % of standard 
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TABLE IV. SUMMARY OF ANTHROPOMETRIC CHARACTERISTICS OF 
STUDY CHILDREN 

SEX AGE HEIGHT WEIGHT HEIGHT/AGE WEIGHT/AGE WEIGHT/HEIGHT 

months cm kg (a) jh) (c) [a) lb) (c) la) lb) (c) 

Children 

MEAN 11.3 70 8.1 -1.8 8 93 -1.4 21 86 -0.7 29 94 

SD 3.4 1.9 0.9 0.9 9 3 1.3 30 14 1 32 10 

SEX AGE HEIGHT WEIGHT BMI 

years cm kg kg/sqm 

Mothers 

MEAN 24.2 162 57.83 22.1 

SD 5.7 5.9 14.8 4.2 

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

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

SUBJECTS 1 2 3 4 5 6 7 8 9 10 Mean (SD) % Time 

Activities: minutes hours 

Sleep & Lying 687 712 749 706 700 772 525 702 784 645 11.4 (1.2) 48 

Sitting 247 274 408 328 186 224 268 348 254 287 4.4 (1.1) 20 

Being held 396 220 191 164 401 289 87 228 270 343 4.2 (1.7) 18 

Breastfeeding 65 73 18 70 56 50 42 86 110 100 1.1 (0.5) 5 

Crawling/walking 17 159 47 16 76 87 182 52 13 44 1.1 (1.0) 5 

Other 29 2 28 156 20 17 353 24 9 21 1.1 (1.8) 5 
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Abstract 

The knowledge of energy expenditure is important in order to make accurate 
estimates of energy requirement of a given population. The ability of man 
to adjust metabolically to variations in energy balance is widely recognised. 
However, it is not clear to what extent this adjustment can be accomplished 
without 'cost'. The objective of the study is to highlight the incremental 
improvements in the evaluation of energy requirements on the basis of 
increasing numbers of parameters, thus providing valuable tests of the 
validity of requirement values suggested in the 1985 FAOAVHO/UNU report. 
The studies were conducted in 3 phases. The first phase involved the 
measurement of BMR using the conventional Douglas bag method on normal 
adult males and females of 3 ethnic origins (Malay, Chinese and Indians). 
A total of 42 adult males and 45 adult females participated in the study. 
The results revealed that the FA OANHO/UNU (1985)predictive equation and 
the Henry & Rees (1991) equation overestimate BMR of male and female 
subjects by 19%, 13% and 17%, 14% respectively. The second phase 
took advantage of a human respiratory chamber constructed in 1990 to 
study 24h energy expenditure. A total of 7 adult males and 9 adult females 
volunteered in this preliminary study. The BMR predicted from 
FAOA/VHO/UNU (1985) equation formales and females were 13% and 5% 
higher than the BMR measured while the BMR predicted from the Henry & 
Rees (1991) equation were 5% and 2% higher respectively. The chamber 
gives a lower estimate of TEE and is suitable in assessing sedentary energy 
requirement. Male and female subjects confined in the chamber recorded 
PAL (physical activity) values of 1.28 and 1.22 respectively. The final 
phase carried out was to determine TEE using factorial and DLW methods. 
Seven laboratory assistants (mean BMI 22.6) and 7 rubber plantation 
workers volunteered for the study. The parameters measured include 
anthropometry, 3-day duplicate food intake, 3-day water balance study and 
daily activity pattern. BMR using Doug/as bag and the Deltatrac metabolic 
monitor and the TEE was assessed using the factorial method and DL W 
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method. BMR measured using Douglas bag did not differ significantly when 
compared to the Delta trac. TEE as measured by DLW is 11% higher than 
factorial method in urban subjects and 2% lower in the rural subjects. The 
study also reflect the sedentary lifestyle of laboratory assistants (PAL J. 62) 
and the moderately active rubber plantation workers (PAL 1.81). Overall, 
the studies confirm the low BMR in Malaysian adults as compared to the 
FAO/WHO/UNU (1985) and Henry & Rees (1991) equations. DLW has 
provided us with another set of reliable estimates to validate previous 
reputed local studies which have been viewed with much suspicion. It is 
hoped that more DLW work could be carried out in developing countries to 
enable us to keep abreast with the recent advances in stable isotope 
research. 

1 . SCIENTIFIC BACKGROUND AND SCOPE OF THE PROJECT 

The amount of food needed by a population is one of the basic factors affecting 
economic, agricultural, developmental and political strategies in many countries. 
Recommendations on human energy needs evolved through the years has stood the test 
of time although some may argue that they are unrealistic for developing countries. Indeed 
in recent years, many studies have revealed exceptionally low energy intakes and in some 
instances, evidence of low BMR/RMR has been reported in supposedly 'healthy/normal' 
populations in developing countries. The FAO/WHO/UNU (1985) Expert Consultation [1] 
strongly emphasised the importance of using measurements of energy expenditure to 
derive estimates of energy requirements. The consultation also contributed to the 
formulation of predictive equations for BMRs and recommended to use the factorial 
method to derive total energy requirements. 

Several studies on the energy cost of standardised activities have been reported in 
normal adult Malaysians [2,3] and in obese adults [4,5]. The results consistently revealed 
a lower resting metabolic rate (RMR) in normal and obese subjects and to support these 
findings, the results of one of the study [2] was compared with several other studies 
reported earlier [ 6 - 8 ] . In addition to lower RMR, the energy intake of subjects were found 
to be below the RDI for Malaysia [9] which was adopted from the FAO/WHO (1973) report 
[10]. With the emphasis given to energy expenditure in deriving estimates of energy 
requirement for a given population, and that BMR being a major determinant, the lower 
BMR values reported in many developing countries must be reviewed critically, more so 
when minimum energy requirement expressed as a multiple of BMR are being used as 'cut
off points' for undernutrition [11]. The ability of man to adapt to changes in energy intake 
and the limitations in estimating energy requirements in free-living subjects using the 
conventional methods is well recognised. The introduction of doubly-labelled water (DLW) 
method in estimating energy requirements may fulfill the need for an expedient and precise 
technique in free-living conditions even though some uncertainties regarding some basic 
assumptions are still under debate. Nevertheless, the opportunity to be involved in yet 
another highly specialised technique in itself is a step towards a better understanding, in 
our endeavour to estimate the energy requirement of a given population. 
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During the time period under the CRP, preliminary studies and analysis have been 
carried out in 3 phases namely: 

1.1 Comparison of BMR measured using the conventional Douglas bag technique 
and BMR predicted values suggested by FAO/WHO/UNU (1985) report [1] 
and Henry and Rees, 1991 [12] in normal adult males and females of 3 
ethnic origin. 

1.2 The estimation of energy intake, energy expenditure and BMR of adult males 
and females using a newly constructed respiration chamber. 

1.3 The comparison of tota' energy expenditure in free-living sedentary (urban) 
dan active (rural) adult males using factorial and DLW methods. 

These studies are expected to highlight the incremental improvements in the 
evaluation of energy requirements on the basis of increasing numbers of measured 
parameters, thus providing a valuable test of the validity of requirements suggested in the 
1985 FAO/WHO/UNU report [1]. 

2 . EXPERIMENTAL METHOD 

2.1 BMR Study 

A total of 42 adult males and 45 aduit females from 3 ethnic groups 
(Malays, Chinese and Indians) participated in the study. Anthropometric measurements 
include body weight and height (Seca beam balance with height attachment). Skinfold 
thickness measured at 4 sites [13], body density was estimated as suggested by Durnin 
and Womersley [14] and % body fat was calculated according to Siri [1 5]. Prior to BMR 
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 at least 1 2 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 measurement. All measurements 
were carried out between 7.00 to 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 1 0 min) were collected in the Douglas bags (100 L). Oxygen 
concentration was determined using Servomex 0 2 analyser and volume of expired air was 
measured using the Gallenkamp Dry Gas meter and corrected for STP. BMR (kcal/min) 
was calculated using Wier's (1949) formula [16]. The measured BMR could then be 
compared wi th the predicted BMR using the FAO/WHO/UNU (1985) equations [1] and 
Henry & Rees (1 991 ) equations [12]. 

2.2 Estimation of TEE using Respiration Chamber 

An ordinary room (3.00 m long x 2.43 m wide and 2.45 m high) located at the 
University Hospital Kuala Lumpur, was converted into a respirometer with facilities for 
subjects to spend 24 hours or more. The system was built on similar principles as 
described earlier [17 - 18]. It is suitable for measurement of daily energy expenditure in 
humans with an accuracy of ± 2 . 1 % . A total of 7 adult males and 9 adult females 
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volunteered in this preliminary study. Anthropometric data of subjects were recorded. 
Energy intake was estimated on the basis of food passed into the respirometer via an air
lock minus plate waste and computed using local food composition table [19J. The 
protocol does not allow subjects to perform any form of strenuous activity. BMR could 
be conveniently measured without undue stress. Once awake after a night's sleep, 
subjects were instructed to remain lying quietly (awake) in bed for a period of 45 - 60 
minutes and energy expenditure was subsequently read off the trace for this period. 
Measured BMR was compared wi th predicted values [ 1 , 12] and physical activity level 
(PAL) was determined [20]. 

2.3 Estimation of TEE using Factorial and DLW methods 

A total of 14 volunteers, 7 normal (mean BMI 22.6) urban (lab. technicians) and 7 
(mean BMI 1 8.6) rural (plantation workers) participated in this study. Written consent was 
obtained from each individual and the study was approved by the Medical Ethics Sub-
Committee, University Hospital, Kuala Lumpur. 

Anthropometry assessments were conducted on each individual. Body fat content 
was assessed using skinfold and 2 H 2

 1 8 0 dilution methods. Subjects were required to 
provide a 3 day duplicate food samples. Nutrient content was derived from local food 
composition tables (1 9 j . Food quotients (FQ) were calculated by methods suggested by 
Black et al [21 J. Water balance studies and daily activity patterns were carried out 
concurrently with food intake studies. All water intake, urine and faeces voided during the 
3 days were measured and recorded. Other parameters measured include: 

2.3.1 Factorial Method 

BMR was determined by 2 methods, namely, the Douglas bag technique and 
a ventilated hood system using a Deltatrac metabolic monitor, using a standardised 
protocol after an overnight fast of 12 hours. The energy costs of standardised activities 
were measured using the Douglas bag technique. The common daily activities, namely, 
lying, sitting quietly, standing, walking (normal pace) and up/down stairs were measured 
while for other activities values were adopted from the literature [1,22] and corrected for 
body size. Daily energy expenditure was calculated by summing the energy cost for each 
activity multiplied by the duration of that activity [23]. 

2.3.2 DLW Method 

This method is used to estimate energy expenditure during a 10 day period. 
The subjects were instructed to come fasted (overnight). Basal blood and urine samples 
were collected and an oral dose of 2.18 g of 2 H 2

 1 8 0/kg body weight was given 
immediately after the collection. The detailed methodology of the DLW study is described 
in the report to be prepared by Dr. Haggarty. All samples collected were kept in double 
lid plastic containers, sealed with parafilm and frozen until shipment to the Rowett 
Research Institute, Aberdeen, for mass spectrometry analysis. Due to the considerable 
demand for the isotope and the world-wide shortage of 1 8 0 in the market, the DLW study 
could only be carried out in the late quarter of 1992. 
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3. RESULTS 

3.1 BMR Study 

The physical characteristics of male and female subjects are shown in Table I. The 
differences in mean body weight, height, BMI, body fat (%) and LBM between the 3 ethnic 
groups of both sexes were small, with the exception of height and age in male subjects 
(P < 0.05). However, height is known to have little influence on BMR while the age 
difference is well within the range 1 8 - 3 0 years as suggested in the FAO/WHO/UNU 
(1 985) report 11]. The majority of the subjects were within the acceptable BMI range of 
20 - 25, wi th the exception of 2 male subjects (BMI 18.0 and 18.8) and 3 females 
subjects whose BMI were between 17.5 to 18.0. 

Results of the BMR studies are shown in Table II. Although differences in BMR 
between ethnic groups were observed, these were not statistically significant. Comparison 
of the mean measured BMR values of males (n = 42) and females (n = 45) revealed the 
FAO/WHO/UNU predicted values [1] overestimated the measured BMR by 17-1 9% and the 
Henry & Rees equations [1 2] overestimated real values by 13-14%. Although some may 
argue that this finding appears to be somewhat low, the results obtained are within the 
pattern of overestimation of BMR values of 1 - 22% range reported in a survey of BMR of 
tropical people [12]. Currently, more BMR data points are being complied in 6 regions 
(including Sabah and Sarawak) to provide a valid estimation of BMR of the population. 

3.2 Energy Expenditure Studies using Respiratory Chamber 

The physical characteristics of subjects are shown in Table III. The mean body 
weight of male subjects is 63.7 ± 7.6 kg, BMI 21.4 ± 2.0, and body fat 16.7 ± 4 .0%, 
while mean body weight of female subjects is 50.2 ± 7.9 kg, BMI 20.7 ± 2.8 and body 
fat 26.7 ± 3.9%. 

The mean energy intake of male and female subjects were 9.38 ± 1 . 5 MJ and 8.6 
± 1.5 MJ, respectively and the contribution of protein, fat and carbohydrate to total 
energy intake were 17%, 27 - 3 0 % and 53 - 58% respectively (Table IV). 

The total energy expenditure, BMR and PAL values of male and female subjects 
were 7.7 ± 0.52 MJ, 6.00 ± 0.70 MJ, 1.28 and 6.0 ± 0.5 MJ, 4.9 ± 0.3 MJ and 1.22, 
respectively (Table V). Comparison between measured and predicted BMRs showed that 
the FAO/WHO/UNU equation [1] and Henry and Rees [12] overestimated by + 1 3 % and 
+ 6% in males, and + 5 % and + 2% in females, respectively. It should be pointed out that 
although the overestimation of BMRs appear to be smaller to that of measured BMRs, the 
sample size, subjects, as well as technique used to estimate the BMR were different. 
Another equally important observation is the PAL (TEE/BMR) values of 1.28 in males and 
1.22 in female subjects. These values are very much lower than the PAL values for light 
activities (1.55 in males, 1.56 in females) as suggested by James and Schofield [20]. It 
also confirms the assumption that the respiration chamber gives a lower estimate of total 
energy expenditure and is only suitable in assessing sedentary energy requirement [24] . 
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3.3 Factorial Versus DLW methods 

Anthropometric data revealed significant differences in mean body weight (P < 
0.02), BMI (P < 0.01 ) and % body fat (P < 0.02) between the urban and the rural groups 
(Table VI). Mean daily energy intake, contribution of protein, fat and carbohydrate to 
energy intake and the FQ values did not differ significantly between the two groups, 
although the contribution of fat to the diet is higher in the rural group, consequently record 
a higher energy intake when compared to the urban group (Table VII). 

BMR measured using Douglas bag and Deltatrac in both urban and rural subjects 
did not differ significantly although the latter technique recorded slightly higher BMR 
values in most subjects studied. However when compared wi th the predicted values [1 ], 
an overestimation of + 2 3 % (Douglas bag) and + 16% (Deltatrac) were recorded in the 
urban group, while + 1 8 % (Douglas bag) and + 1 4 % (Deltatrac) were recorded in the rural 
group (Table VIII). These results were consistent with the earlier findings described in this 
report (section 3.1 and 3.2). 

Table IX presents the food intake and total energy expenditure (TEE) of urban and 
rural subjects using Factorial and DLW methods. In the urban group, the mean TEE 
determined by DLW method was about 11 % higher than the factorial method while in the 
rural group, the mean TEE was 2 % lower as compared to the factorial method. The 
discrepancies observed between the two methods could either be due to the cumulative 
errors from an incorrect time and motion recording, in the case of factorial method while 
fractionated water loss and isotope sequestration problems may effect the DLW values, 
which may be the case, in the rural active group. 

The TEE expressed as multiple of BMR is shown in Table X. In the urban group, 
PAL derived from DLW method was 1.81 as compared to 1.62 using the factorial method. 
Contrary to our expectation, the factorial method provided a better estimate of PAL since 
the laboratory assistants lead a largely sedentary lifestyle. The PAL for the plantation 
workers was 1.77 for DLW and 1.81 for factorial methods is reflective of their moderately 
active lifestyle. It should be noted that they spend about 5 - 6 hours (usually early hours 
to midday) in rubber tapping activities, involvement in other occupational or sporting 
activities is minimal. 

4. CONCLUSIONS 

The FAO/WHO/UNU (1985) predictive equation and Henry and Rees (1991) 
equation overestimate the BMR of male subjects (using Douglas bag) by 19% and 13% 
respectively, while in female subjects they overestimate by 17% and 14% respectively. 
BMR measured using Douglas bag did not differ significantly when compared with 
measurements using Deltatrac. 

The Respiration Chamber gave a lower estimate of TEE and was suitable in 
assessing sedentary energy requirements. PAL values for male and female subjects 
confined in the chamber were 1.28 and 1.22 respectively. 
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TEE as measured by DLW is 1 1 % higher than factorial method in urban subjects 
and 2% lower in the rural subjects. TEE/BMR is 1.62 for urban (laboratory assistants) and 
1.81 for rural (plantation workers). 

DLW has provided a reliable estimate of TEE and body composition in a limited 
number of adult men. DLW can be used to validate a wide range of simpler, cheaper 
techniques which may have a wider application in developing countries [24]. 

5. PAPERS PUBLISHED ON WORK UNDER THE CONTRACT 

Five papers have been published on work done under this contract [3,5,1 1,25,26]. 
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TABLE I. PHYSICAL CHARACTERISTICS OF SUBJECTS 

Ethnic Age Weight Height BMI Fat LBM 
Groups (y) (kg) (m) (kg/m2) (%) (kg) 

MALES 

Malay (n = 14) 
Mean 22.1 60.2 1.66 21.9 17.2 49.7 
SD 0.6 5.£- 0.04 2.3 5.1 3.9 

Chinese (n = 14) 
Mean 23.1 62.8 1.71 21.5 18.1 51.3 
SD 0.6 6.1 0.07 1.4 3.4 4.2 

Indian (n = 14) 
Mean 23.0 62.8 1.72 21.1 19.0 50.8 
SD 1.6 7.6 0.06 1.8 4.0 5.7 

All Races (n = 42) 
Mean 22.7 61.9 1.71 21.5 18.1 50.6 
SD 1.1 6.7 0.06 1.8 4.1 4.6 

FEMALES 

Malay (n = 1 5) 
Mean 21.1 51.4 1.59 20.3 27.8 37.0 
SD 0.6 6.5 0.06 2.0 3.8 3.7 

Chinese (n = 15) 
Mean 22.8 50.3 1.60 19.6 27.3 36.5 
SD 0.6 5.1 0.05 1.5 2.9 3.4 

Indian (n = 1 5) 
Mean 22.3 52.5 1.60 20.4 28.8 37,3 
SD 1.1 6.4 0.05 2.2 3.1 3.S 

All Races (n = 45) 
Mean 22.0 51.4 1.60 20.1 27.9 36.9 
SD 1.1 5.9 0.05 1.9 3.3 3.6 
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TABLE II. BMR MEASURED VERSUS BMR PREDICTED IN ADULT MALE AND FEMALE 
SUBJECTS (MEAN ± SD) 

Male n Female 

BMR Measured1 

(MJ/day) 

Malay 14 5.60 ± 0.54 15 4.46 ± 0.42 

Chinese 14 5.54 ± 0.36 15 4.34 ± 0.36 

Indian 14 5.30 ± 0.60 15 4.22 ± 0.42 

All Races 42 5.48 ± 0.54 45 4.34 + 0.36 

BMR Predicted 
(MJ/day) 

FAO/WHO/UNU (1985) 6.80 ± 0.43 ( + 1 9%) 5.26 ± 0.37 ( + 1 7%) 

Henry & Rees (1991) 6.27 ± 0.37 ( + 13%) 5.03 ± 0.29 ( + 1 4 % ) 

'BMR measured using Douglas bag technique 

Values in bracket indicate % overestimation from mean BMR value of all races 

10. 



TABLE i l l . PHYSICAL CHARACTERISTICS OF SUBJECTS 

Subject 
Code 

Age 
(yi 

Weight 
(kg) 

Height 
(ml 

BMI 
(kg/m 2) 

Fat 
(%) 

LBM 
(kg) 

MALES 

M01 27 55.0 1.69 19.3 15.5 46.5 

M02 25 65.0 1.74 21.5 17.5 53.6 

M03 22 55.0 1.70 19.0 11.3 48.8 

M04 24 60.0 1.72 20.3 11.7 63.0 

M05 21 76.0 1.77 24.3 20.8 60.2 

M06 23 67.5 1.73 22.6 20.5 53.6 

M07 24 67.5 1.72 22.8 19.9 54.1 

Mean 
SD 

23.7 
2.0 

63.7 
7.6 

1.72 
0.03 

21.4 
2.0 

16.7 
4.0 

54.3 
5.8 

FEMALES 

F01 27 55.3 1.56 22.7 30.3 38.5 

F02 25 49.2 1.55 20.5 29.0 34.9 

F03 22 56.0 1.60 21.9 29.3 39.1 

F04 22 65.4 1.56 26.9 29.3 46.3 

F05 21 47.0 1.57 19.1 25.5 35.0 

F06 21 44.0 1.55 18.3 23.7 33.6 

F07 21 38.2 1.45 18.1 19.2 30.7 

F08 22 48.2 1.53 20.6 30.6 33.5 

F09 21 49.0 1.65 18.0 23.5 37.5 

Mean 
SD 

22.4 
2.1 

50.2 
7.9 

1.56 
0.05 

20.7 
2.8 

36.6 
4.5 

26.7 
3.9 



TABLE IV. DAILY ENERGY INTAKE AND CONTRIBUTION OF PROTEIN, FAT AND 
CARBOHYDRATE TO ENERGY INTAKE 

Subject Energy Intake Protein Fat Carbohydrate 
Code (MJ/day) (%) (%) <%) 

MALES 

M01 9.27 18 24 58 

M02 9.28 14 28 58 

M03 9.94 14 30 56 

M04 7.27 19 30 51 

M05 7.95 21 34 45 

M06 9.91 17 31 52 

M07 12.06 18 32 50 

Mean 9.38 17 30 53 
SD 1.54 2.6 3.2 4.8 

FEM ALES 

F01 8.20 21 37 42 

F02 8.79 20 30 50 

F03 7.83 17 31 52 

F04 7.61 15 39 46 

F05 5.90 14 28 58 

F06 9.61 17 27 56 

F07 9.39 16 27 57 

F08 8.98 20 29 51 

F09 11.21 15 27 58 

Mean 8.61 17 27 58 
SD 1.48 2.5 4.5 5.6 



TABLE V. 24 HOURS ENERGY INTAKE, ENERGY EXPENDITURE AND BMR IN ADULT 
MALE AND FEMALE SUBJECTS (MEAN ± SD) 

Males Females 

(n = 7) (n = 9) 

Energy Intake 9.38 ± 1.54 8.61 ± 1.48 

(MJ/day) 

Energy Expenditure 7.70 ± 0.52 5.95 ± 0.50 

(MJ/day) 

BMR Measured 6.00 ± 0.70 4.89 ± 0.32 

(MJ/day) 

FAO/WHO/UNU (1985) 6.92 ± 0.50 (13.3) 5.16 ± 0.48 (5.3) 

Henry & Rees (1991) 6.37 + 0 .42 (5 .8 ) 4.97 ± 0.37 (1.8) 

TEE/BMR Measured 1.28 1.22 

(PAL) 

Values in bracket indicates % difference in BMR 



TABLE VI . PHYSICAL CHARACTERISTICS OF SUBJECTS 

Subject Age Weight Height BMI Fat" LBM* 
Code (y) (kg) (m) (kg/m z) (%) (kg) 

URBAN 
A 31 53.40 1.54 22.52 23.08 41.07 

B 32 51.80 1.56 21.29 16.37 43.32 

C 30 74.80 1.63 28.15 30.56 51.94 

D 31 63.20 1.67 22.66 22.70 48.86 

E 29 50.50 1.64 18.78 13.83 43.51 

F 28 71.50 1 .72 24.17 22.53 55.39 

G 31 60.20 1.72 20.35 19.52 48.45 

Mean 30 60.77 1.64 22.56 21.23 47.51 
SD 1 9.65 0.07 3.02 5.41 5.51 

RURAL 

H 40 38.20 1.53 16.32 12.87 33.28 

1 36 52.80 1.63 19.37 10.90 47.04 

J 33 56.50 1.71 19.32 12.39 49.50 

K 41 44.80 1.59 17.83 17.42 36.99 

L 30 51.10 1.57 20.86 15.09 43.39 

M 39 47.20 1.60 18.55 20.07 37.73 

N 39 48.80 1.68 17.39 12.29 42.80 

Mean 37 48.49 1.61 18.59 14.43 41.53 
SD 4 5.93 0.06 1.56 3.29 5.80 

* Measured by 2 H 2

 1 B 0 dilution method 



TABLE VII. ENERGY INTAKE, CONTRIBUTION OF PROTEIN, FAT AND 
CARBOHYDRATE AND FOOD QUOTIENTS 

Subject Energy Intake Protein Fat CHO FQ 
Code (MJ/day) (%) (%) 

URBAN 

A 9.41 14 23 63 0.91 

B 7.52 16 23 61 0.90 

C 6.17 11 30 59 0.89 

D 7.38 14 25 61 0.90 

E 6.56 15 24 61 0.90 

F 8.29 20 24 56 0.89 

G 6.20 17 27 56 0.89 

Mean 7.36 15 25 60 0.90 
SD 1.19 2.8 2.5 2.6 0.01 

RURAL 

H 9.25 11 27 62 0.90 

1 7.47 15 25 60 0.90 

J 9.87 12 29 59 0.89 

K 6.81 10 28 62 0.90 

L 8.14 16 27 57 0.89 

M 7.46 12 26 62 0.90 

N 9.97 11 30 59 0.89 

Mean 8.42 12.4 27.4 60.2 0.90 
SD 1.27 2.2 1.7 2.0 0.00 
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TABLE VIII. MEASURED BMR (DOUGLAS BAG & DELTATRAC) VERSUS FAO 
PREDICTED VALUES 

Subject Douglas Bag Deltatrac FAO/WHO/UNU (1985) 
Code MJ/day MJ/day MJ/day 

URBAN 

A 4.70 5.30 6.27 

B 4.34 5.12 6.19 

C 6.09 6.51 7.31 

D 5.30 5.90 6.74 

E 5.06 5.12 6.07 

F 5.36 5.90 7.42 

G 5.00 5.42 6.60 

Mean 5.12 5.61 6.66 
SD 0.55 0.51 0.54 

RURAL 

H 4.70 4.34 5.53 

l 5.84 5.63 6.24 

J 5.12 5.78 6.42 

K 4.64 5.00 5.85 

L 4.58 5.36 6.16 

M 4.64 4.76 5.97 

N 5.06 5.42 6.05 

Mean 4.94 5.18 6.03 
SD 0.45 0.51 0.28 
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TABLE IX. FOOD INTAKE AND ENERGY EXPENDITURE (FACTORIAL AND DLW) IN 
URBAN AND RURAL SUBJECTS 

Subject Food Intake Energy Expenditure [MJ/day) 
Code MJ/day Factorial DLW % Diff 

URBAN 

A 9.41 8.48 9.65 + 12.1 

B 7.52 8.96 6.60 - 35.8 

C 6.17 10.79 11.17 + 3.4 

D 7.38 8.18 1 1.39 + 28.2 

E 6.56 8.58 10.65 + 19.4 

F 8.29 9.68 12.39 + 21.9 

G 6.20 8.78 9.23 + 4.9 

Mean 7.36 9.06 10.15 
SD 1.19 0.89 1.89 

RURAL 

H 9.25 7.88 6.95 - 13.4 

1 7.47 10.28 10.58 + 2.8 

J 9.87 9.91 10.62 + 6.7 

K 6.81 8.28 7.17 - 15.5 

L 8.14 10.05 8.39 - 19.8 

M 7.46 8.25 10.16 + 18.8 

N 9.97 10.99 10.52 - 4.5 

Mean 8.42 9.38 9.20 
SD 1.27 1.22 1.65 
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TABLE X. TOTAL ENERGY EXPENDITURE (DLW & FACTORIAL) EXPRESSED AS 
MULTIPLE OF BMR 

Subject BMR1 TEE2 TEES 

Code MJ/day MJ/day PAL MJ/day PAL 

URBAN 

A 5.30 9.65 1.82 8.48 1.60 

B 5.12 6.60 1.29 8.96 1.75 

C 6.51 11.17 1.72 10.79 1.66 

D 5.90 11.39 1.93 8.18 1.39 

E 5.12 10.65 2.08 8.58 1.68 

F 5.90 12.39 2.10 9.68 1.64 

G 5.42 9.23 1.70 8.78 1.62 

Mean 5.61 10.15 1.81 9.06 1.62 
SD 0.51 1.89 0.28 0.89 0.11 

RURAL 

H 4.34 6.95 1.60 7.88 1.82 

I 5.63 10.58 1.88 10.28 1.83 

J 5.78 10.62 1.84 9.91 1.71 

K 5.00 7.17 1.43 8.28 1.66 

L 5.36 8.39 1.57 10.05 1.88 

M 4.76 10.16 2.13 8.25 1.73 

N 5.42 10.52 1.94 10.99 2.03 

Mean 5.18 9.2 1.77 9.38 1.81 
SD 0.51 1.65 0.24 1.22 0.12 

'BMR measured using Deltatrac 
2TEE using DLW method 
3TEE using Factorial Method 
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THE EFFECT OF CONTINUOUS WORK ON DISCRETIONARY ENERGY 
EXPENDITURE IN MALE ADULT CONSTRUCTION WORKERS IN 
NORTHERN MEXICO AS STUDIED BY THE 2 H 2

1 S 0 METHOD AND 
INDIRECT CALORIMETRY 

M.E. VALENCIA, L. GONZALEZ, S.Y. MOYA, S. SAUCEDO, and A. PINELLI. 
Centro de Investigación en Alimentación y Desarrollo, 
A.C. Hermosillo Sonora México. 

P. HAGGARTY, G. McNEILL 
Rowett Research Institute, Aberdeen, Scotland, UK. 

Abstract 

Energy balance, in relation to energy noedc in populations of developing 
countries is an important issue in terms of nutritional status, health and food 
policy implications. The objective of this study was to measure the 
variations in discretionary energy expenditure (DEE) in male adult 
construction workers of different body mass index (BMI), when challenged 
to heavy work. Twelve adult volunteers engaged in construction work, 18-
30 years, BMI range 16.7 to 28.9 were selected from different low income 
urban sectors in northern México. These individuals were subjected to a 
specific work load equivalent to a physical activity index (PAD "> 2.1 x 
BMR, within a time frame of 6 hours a day, eight out of ten days. The rest 
of the time including one full weekend was to their discretion. Energy 
expenditure was measured using the 2H2

1&0 technique. BMR and the thermic 
effect of food were evaluated by ventilated hood indirect calorimetry. The 
energy cost of fixed activities was measured by the Oxy/og. A daily activity 
diary was kept throughout the ten days of the protocol. Results show that 
BMR, 24 hour energy expenditure, fixed activity showed a positive 
córrela tion with fa t free mass (p < 0.02). DEE expressed as % of 24 h EE or 
in relation to BMR, showed no significant relationship in terms of energy 
status (rank correlations, r=0.035; p = 0.81 and r=-0.031; p = 0.92, 
respectively). Similar results were observed when DEE was regressed on % 
body fat where rank correlations were, r=-0.007; p = 0.98 and r=-0.34; 
p = 0.25 respectively. This study shows no evidence that individuals of 
different energy status in a range of BMI from 16.7 to 28.9 modify the 
discretionary component of their total daily expenditure to cope with the 
equivalent of a heavy work load (PAI j>2 .1 ) . Mean daily energy expenditure 
was 15.08 MJ by DLW and 15.94 MJ calculated by the factorial method 
(p = 0.46) which corresponded to a PAI of 2.11 and 2.24 respectively. 
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1. INTRODUCTION 

Regulation 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 [1]. 
In this sense some of the issues stated by Sukhatme and Margen [2] have been tackled 
by different research groups. In a study reported by Riumallo era/. [3], the effect of energy 
supplementation was evaluated under free-living conditions in six adults 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 labelled water or factorial 
methods. The subjects of this study were evaluated as underweight, however the average 
body mass index was 1 9.59 and percent fat determined by the sum of four skinfolds was 
less than 15 %. No mention was made of their prior level of activity and possible 
implications of a chronic energy deficiency status. 

Another study reported lower energy expenditure, 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, in rural 
Gambian men, during the hungry season, than in Europeans (4]. The authors concluded 
that Gambian men are able to develop energy-sparing mechanisms, even increasing energy 
utilization, 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 more likely assess real energy 
requirements. 

Activity is another component of energy expenditure that can be potentially 
affected by environmental factors, specially under free living conditions of different regions 
of the world. Total activity can be divided in to work and leisure, or discretionary, which 
can include highly active periods as well as relaxation. In order to study the differences 
between these components of the daily energy expenditure and their relation to energy 
status, it is necessary to use non restrictive techniques such as the doubly labelled water 
method combined with indirect calorimetry. 

The central hypothesis in this study was that discretionary energy expenditure in 
individuals of different energy status can have a different response when submitted to 
specific environmental factors such as work. The objective of this study was to measure 
the variations in discretionary energy expenditure in male adult construction workers of 
different body mass index, when exposed to a heavy and prolonged work load. 

2. SUBJECTS AND METHODS 

2.1 Subjects 

Twelve male adult volunteers engaged in construction work were selected from 
different low income areas in the city of Hermosillo Sonora México. The subject ranged in 
age from 18-30 years and ranged in BMI from 16.7 to 28.9 kg/m 2 . Prior to the study the 
subjects were given a physical and biochemical examination, including stool analysis. 
Before the beginning of the study the subjects were instructed how to record weighed 
food intakes and keep activity diaries. 
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2.2 Dietary Methods 

The subjects and the homemaker were given instructions in registering the weighed 
food intake for the 10 days of the study. Special portable dietary scales were provided, 
one for use in the home and the other one to be carried with the subject at all times. The 
registering of the daily weighed intakes was supervised and coded daily and if necessary, 
a visitation to the household was made for clarification. The analysis of the dietary 
information was made with our own computer program which has several food 
composition tables (México: National Institute of Nutrition, USDA, McCance & 
Widdowson and a table based on our own analysis of regional foods). 

2.3 Controlled Activity Programme 

In eight out of the ten days of the study, the subjects came to the metabolic unit 
performed a controlled activity programme, in which the work load was similar to their 
activities in construction work that could result in a physical activity index (PA) above 2 . 1 , 
which is considered heavy by the FAO/WH07UNU [5] committee on energy and protein 
requirements. On the other day of the study they went about their norma! activities 
without any restrictions and the weekend, in between the controlled activity periods, was 
also their discretion. The programmed activities were: a) walking on a treadmill at 5.92 
km/h and slope zero, b) constructing a wall of 3 m 2 with cement blocks of 15x10x40 cm, 
weighing 7.4 kg each, and c) walking with a metronome at 110 steps per minute. All 
activities were constantly supervised. The protocol is shown in Figure 1. 

2.4 Energy Expenditure 

2.4. 7. Basal Metabolic Rate (BMR) 

BMR was determined in the subjects after an overnight stay at the unit in 
which an evening meal was provided that met one third of their estimated energy 
requirement based on body weight 15]. BMR was determined by means of a ventilated 
hood system using a Deltatrac metabolic monitor. The Deltatrac was calibrated for each 
run with a span gas mixture of 0 2 (95.94%) and C 0 2 (4.06%), verified by Haldane 
analysis. Atmospheric pressure was set against an independent Princo -national weather 
service type- mercury barometer (Pa., USA). The Deltatrac system was permanently 
checked by analysis of recovered gases wi th propane gas burns at a similar rate to that of 
the energy expenditure measurements in the subjects. Calibration gas burns for the 
Deltatrac were in the range 5.4 to 10.2 MJ/day and the percent recoveries were 99.69 
and 98.7 % for oxygen and carbon dioxide respectively. RQ for propane was 0.598. 
Environmental conditions of the room were kept at 25° C and a relative humidity of 
45-60 %. 

2.4.2. Postprandial Thermogenesis 

Postprandial thermogenesis was determined in the Deltatrac ventilated hood 
system in the subjects after an overnight fast of 12 hours and after a BMR determination 
as specified above. The meal had the same characteristics as the one provided the night 
before prior to the BMR, and was taken immediately after the basal reading within a period 
of fifteen minutes. The subjects returned to the hood and were measured the last 30 
minutes of a 45 minute period. The subjects came out of the hood and remained sitting 
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on the bed for f ifteen minutes and the same procedure was repeated during the next four 
hours. A t the end of the second period all the subjects went to the toilet even if they did 
not need to void themselves in order to keep protocol constant for other sources of 
thermogenesis. 

2.4.3. Energy Cost of Programmed A ctivities 

The energy expenditure offne programmed activities was determined by the 
use of the Oxylog portable consumption meter [6-8]. The Oxylog was 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 had to perform like that 
of leaning and bending forward in wall construction. 

2.4.4. Doubly Labelled Water 

This method was used to measure daily energy expenditure during the 10 
day study that combined fixed and free living periods. The subjects were brought to the 
unit on day zero after a 1 2 h overnight fast. Basal blood and urine samples were collected 
for each subject and an oral dose of 1.63 g of 2 H 2

1 8 0 / k g of body weight was given 
immediately after the collection.The container was weighed before and after the dose to 
the nearest mg and the straw was rinsed wi th 50 mL of tap water.The second plasma 
sample was obtained 4 hours after the dose. Urine collection was started the afternoon 
of day zero for determination of isotope enrichment. Subsequent urine samples were 
collected daily for the next ten days registering the time of the void. Samples were kept 
in double lid plastic containers, sealed with parafilm and frozen until shipment to the 
Rowett Research Institute, in Aberdeen Scotland, for mass spectrometry analysis. At this 
stage analysis were performed as a two point assay. 

2.4.5. Discretionary Energy Expenditure (DEE) 

This component was obtained by subtracting the sum of basal metabolic rate and 
controlled activity from free living daily energy expenditure. 

2.4.6. Factorial Energy Expenditure 

Daily energy expenditure was calculated also by the factorial approach taking 
into account BMR, energy cost of activities measured wi th the Oxylog plus the estimation 
of expenditure by activity diary using the energy cost of activities reported by the 
FAOAA/HO/UNU committee [5]. Physical activity index (PAI) was calculated dividing 24 h 
energy expenditure by BMR. 

3. RESULTS 

Subjects body composition determined by 2 H 2

l s O is presented in Table I. Percent 
fat was 12.3, 16.6 and 25.7 for the low, normal and high body mass index groups. 

Based on the daily weighed records (Table II, energy intake by group was very 
similar between the three BMI categories during the ten days of the protocol wi th an 
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average of 12.6, 12.5 and 13.2 MJ/d from low to high respectively. The proportions of 
fat, protein, carbohydrates, and alcohol were 36.9, 13 .1 , 46.1 and 3.9 % respectively. 
The distribution of energy is very similar to that found in the diet of this part of México 
wi th a high proportion coming from fat. The energy intake was significantly lower 
(p<0.05) by 1.2 MJ than the energy expenditure by the 2 H 2

1 8 0 method considering the 
twelve subjects in the three groups. Further, there was a poor correlation between these 
variables by regression (r = 0.33; p = 0.27). These results are not very different from these 
authors have found between intake and expenditure wi th these methods [3-9]. 

Energy expenditure values (Table III) are expressed in terms of hours during the day. 
Basal metabolic rate was transformed to the fraction of sleeping time derived from the 
activity diaries of the ten day period for each individual which on average was 8.5 ± 1.05 
hours. The fixed daily activity period determined by Oxy/og measurements was 4.5 hours 
out of six, taking into consideration that there were 5 minutes breaks between activities. 
From these components the DEE was calculated for the rest of the day and was equivalent 
to approximately 11.5 hours (Table III). 

Three components of energy expenditure (MJ/d): daily, BMR, energy cost of fixed 
activity showed significant correlations (<0.02) wi th fat free mass determined by dilution 
with the doubly labelled water method. However discretionary energy expenditure did not 
show a significant relationship to fat free mass (Figures 2 and 3). 

Subjects distributed by body mass index ranged from 16.7 to 28.9 kg /m 2 and 9.5 
to 29.7 % fat. To test the effect of energy status on energy expenditure, DEE was 
expressed as % of daily expenditure (DEE/24hEE) and the 8 h BMR (DEE/8h BMR) rather 
than body weight, since dividing by body weight tends to lower the expenditure 
component when BMI or body weight increases. Spearman rank correlations were: 
r = 0 .035; p = 0.91 for DEE/24hEE & BMI and r = -0.31 5; p = 0.92 for DEE/8h BMR & BMI 
(Figure 4). Similar results were obtained when DEE was analyzed by body composition (% 
body fat): r = -0 .007; p = 0.98 and r = -0.34; p = 0.25 (Figure 5). Analysis by groups was 
not attempted because of sample size and the wide variability in the DEE. These results 
seem to indicate that in a range of individuals of different energy status who were 
subjected to a continuous fixed work load there was no modification of the energy 
expended in their leisure time to cope wi th this environmental effect. 

The mean total thermic response after a meal seems to be within usual ranges, 
however the initial response appears to be delayed in relation to other studies [10-11 ] . The 
values for the individual subjects have not been used in any factorial calculations of energy 
expenditure at this t ime. 

Mean daily energy expenditure was 15.08 MJ by DLW and 15.94 MJ (Figure 7) 
calculated by the factorial method (p = 0.46) which corresponded to a PAI of 2.11 and 
2.24 respectively. Both methods confirm that the general activity pattern of the subjects 
in this study resulted in a heavy work load that was equivalent to a PAI > 2 . 1 . In this 
sense, the work load imposed to the subjects was most likely similar to their normal 
expenditure while working in real construction activities and therefore suitable to study this 
phenomenon. However the individual variation that resulted in the subjects (Table III) is an 
important finding that confirms the difficulties of studying human biological variability. 



In conclusion this study shows no evidence of adaptation in energy expenditure to 
cope wi th an environmental factor such as work. The study also showed a good 
agreement in the application of the doubly labelled water system and the factorial 
calculation of energy expenditure by indirect calorimetry and activity diary. 
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BMR ° WEIGHED FOOD INTAKE 
° ACTIVITY DIARY 

DOSE ° URINE COLLECTION BMR 
° CONTROLLED ACTIVITY PROGRAMME: 

SESSION 1 PPT 

BODY Three hours of continuous activity, each 
COMPOSITION hour divided as follows: 

NORMAL WALKING : 15 min / 5 min resting 
TREADMILL : 15 min / 5 min resting 
CONSTRUCTING : 15 min / 5 min resting 

LUNCH BREAK 

One hour 

SESSION II 

Session I is repeated 

* Saturday and Sunday without controlled activity 

Figure 1 . Study Timetable 
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TABLE I. PHYSICAL CHARACTERISTICS OF SUBJECTS 

Subject Age 
<y) 

Weight 
(kg) 

Height 
(cm) 

BMI 
(kg/m 2) 

Fat* 
% 

FFM* 
(kg) 

RME 28 48.8 1.71 16.7 9.5 44 .15 

GC 20 46.7 1.58 18.6 13.1 40.59 

CAR 20 54.9 1.68 19.4 14.6 46.89 

JMJ 21 55.4 1.68 19.7 11.9 48 .79 

MEAN 
S.E. 

22.0 
1.9 

51.5 
2.2 

1.66 
0.03 

18.6 
0.7 

12.3 
1.1 

45.11 
1.78 

DDV 20 58.0 1.69 20 .4 17.6 49.93 

JER 24 62.5 1.70 21.6 21.2 49.28 

IV 20 70 .8 1.78 22.3 13.3 61.42 

JAS 20 67.4 1.71 23.1 14.2 57.35 

MEAN 
S.E. 

21.0 
1.0 

64.7 
2.8 

1.72 
0.02 

21.9 
0.6 

16.6 
1.8 

54.95 
2.94 

FBB 25 76 .8 1.70 26.6 21.0 60.7 

JAR 20 71.9 1.64 26.7 29.7 50.5 

FZ 18 77.0 1.68 27.2 27.6 55.7 

JLG 18 80.1 1.66 28.9 24.5 60 .4 

MEAN 
S.E. 

20.3 
1.6 

76.5 
1.7 

1.67 
0.01 

27.4 
0.5 

25.7 
1.9 

56.84 
2.39 

* Measured by Z H 2

1 8 0 dilution method 



TABLE II. ENERGY AND COMPONENTS OF THE DIET DURING 10 
DAYS BY WEIGHED INTAKE 

Subject 
BMI 

(kg/m 2) 
Energy 
Intake 
(MJ/d) 

Protein 
% 

Fat 
% 

CHO 
% 

Alcohol 
% 

FQ 

RME 16.7 13.07 17 43 41 0 0.845 

GC 18.6 10.87 17 47 36 0 0 .832 

CAR 19.4 11.77 12 33 47 8 0 .856 

JMJ 19.7 14.86 13 36 45 7 0 .850 

Mean 
S.E. 

18.6 
0.7 

12.64 
0.87 

14.8 
1.3 

39.8 
3.2 

42 .3 
2.4 

3.8 
2.2 

0 .846 
0 .005 

DDV 20.4 12.24 14 30 50 7 0 .866 

JER 21.6 11.41 17 45 37 0 0 .836 

IV 22.3 16.67 13 27 58 2 0 .889 

JAS 23.1 9.81 13 43 44 0 0 .850 

Mean 
S.E. 

21.9 
0.6 

12.53 
1.47 

14.3 
1.0 

36.3 
4.5 

47 .3 
4.5 

2.3 
1.7 

0 .860 
0.011 

FBB 26.6 11.36 11 37 43 9 0.843 

JAR 26.7 11.01 10 34 48 8 0.855 

FZ 27.2 15.99 11 33 56 0 0 .884 

JLG 28.9 14.24 12 32 46 9 0 .852 

Mean 
S.E. 

27 .4 
0.5 

13.15 
1.19 

11.0 
0.4 

34.0 
1.1 

48.3 
2.8 

6.5 
2.2 

0 .859 
0.009 
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TABLE III. COMPONENTS OF ENERGY EXPENDITURE IN CONSTRUCTION WORKERS 
(KJ) 

Subject BMI EE BMR Fixed Discretionary 
Activity* EE 

(kg/m2) (kJ) (kJ) (kJ) (kJ) 
24 h « 8 h 4.5 h = 11.5 h 

RME 16.7 13603 2142 4980 6481 

GC 18.6 10644 i 953 4141 4550 

CAR 19.4 16539 2228 4987 9324 

JMJ 19.7 11436 2177 4846 4413 

Mean 18.6 13055 2328 4739 6192 
S.E. 0.7 1318 123 404 2291 

DDV 20.4 13044 2265 4987 5792 

JER 21.6 12272 2363 5148 4761 

IV 22.3 19648 2528 6441 10697 

JAS 23.1 18455 2382 5792 10281 

Mean 21.9 15855 2480 5592 7879 
S.E. 0.6 1868 121 664 3037 

FBB 26.6 14760 2647 6159 5954 

JAR 26.7 14985 2230 6001 6754 

FZ 27.2 17558 2443 6743 8372 

JLG 28.9 18037 3073 7081 7883 

Mean 27.4 16355 2753 6496 7241 
S.E. 0.5 851 244 504 1093 

* Measured by 'Oxyfog' 
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APPLICATION OF "N-GLYCINE TO STUDY THE PROTEIN 
REQUIREMENTS OF YOUNG FILIPINO CHILDREN CONSUMING 
LOCAL DIETS 

MIRIAM D. KUIZON 
Food and Nutrition Research Institute (FNR1), 
Department of Science & Technology (DOST), Manila, Philippines 

Abstract 

This report presents the results obtained from nitrogen balance studies and 
protein turnover rate measurements on a total of 7 children who served as 
subjects in this study which aims to evaluate the adequacy of the current 
Recommended Dietary Allowance for dietary protein for 2-4 y old children 
at or around the safe level of energy intake. 

1 . METHODS 

1.1 . Characteristics of the subjects and environment of the study 

The characteristics of subjects who participated in this study is presented in Table 
1 . The children were confined in an air-conditioned room of the Metabolic Ward of the 
Food & Nutrition Research Institute for the duration of the study (30 d) but no restriction 
was imposed on their activities. Nursemaids were hired to attend to their needs on the 
round-the-clock basis for the duration of the study. 

1.2 Diets and protocol of the study 

Diets based on f ish, chicken, or pork as animal protein source (40%) and rice, 
vegetables and fruits as vegetable sources (60%), were prepared to provide 2.1 g protein 
and 80, 100, and 120 kcni/kg body weight/day at intervals of 10 days. The first five (5) 
days of each 10-d period served as adaptation period and the last five days as balance 
period for collection of 24-h urine and faeces for N balance measurements. A preweighed 
amount of 1 5N-glycine crystals (3 mg/kg body weight/d) dissolved in a small amount of 
distilled water was given orally on the 10th day of each 10-day period at 9 a.m., three 
hours after the first meal, together wi th the morning snack. Urinary excretion for the first 
3 hr (6-9 a.m.) and the following 1 2 h (9 a.m.-9 p.m.) were pooled for ammonia and urea 
N determinations. Blood was extracted before (9 a.m.) and 1 2 h after dosing (9 p.m.) for 
measurement of urea concentration. The protocol of the study is schematically presented 
in Figure 1. 
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1.3. Analytical Methods 

The nitrogen content of the diets, urine and faeces was analyzed using the 
micro-Kjeldahl method. Energy in diets and faeces was determined by bomb calorimetry. 

The concentration of ammonia in urine was measured both by the Berthelot reaction 
and by acid titration after aeration of the ammonia from strongly alkaline urine in 0.02 N 
HCl. The concentration of urea in urine and plasma was also measured by the Berthelot 
reaction after incubation wi th urease. Ammonia and urea in urine and plasma were then 
separated and converted to ammonium salt by aeration and sent to Europa Scientific Ltd, 
United Kingdom for isotope enrichment using an automated N/C Analyzer Mass 
Spectrometer. 

1.4. Calculation and statistical analysis 

Nitrogen (N) balance was calculated on the last 5 days of each 10-d period as: 

N Intake - [Urinary N + Faecal N] 

and Energy absorbed as: 

[Energy intake - Faecal Energy]. 

Protein synthesis (g protein/d) was calculated as: 

24 
Flux - Total N Excretion x 6.25 x =~ , 

Protein breakdown (g protein/d) as: 

?4 
Flux - N Intake x 6.25 x — 

12 

and Flux (g N/1 2 h) as: 

Dose of 15A7 (flr 15AQ x Rate of excretion of end product (g A//12 h) 
1000 x Amount of isotope in the end product 

One-way analysis of variance was used to determine differences in biochemical 
parameters due to variation in dietary energy intake level, and t-test using the Least 
Significant Difference (LSD) was used to determine differences between periods. 
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2. RESULTS 

2 . 1 . Subjects 

As shown in Table I the age of the children ranged from 2.6 to 3.7 y and their body 
weights and heights ranged from 10.0 to 14.6 kg and from 63.5 to 98.6 cm, respectively. 
Based on Philippine standards for weight and height for age, all subjects except Six, can 
be considered in adequate nutritional status on the start of the study. 

TABLE I. CHARACTERISTICS OF CHILDREN ON ADMISSION TO THE STUDY 

Subject Age Weight Height 
y kg cm 

Mak 2.90 11.8 92.7 
Joe 3.10 13.3 93.5 
Ram 2.60 12.0 93.0 
Six 2.90 10.0 83.5 
Maj 3.70 14.6 98.6 
Chr 3.17 13.3 95.2 
Jef 3.25 11.9 89.9 

All seven children completed the 30-d study and the data gathered from these 7 
children are presented in this report (Tables 2, 3 and 4). In the final analysis, however, 
data from one subject (Maj) was eliminated because values obtained during the 2nd period 
for this child seemed outliers. Table 5 summarizes the values from six children as means 
and SDs and indicates statistical differences found. 

2.1.1. Energy 

Energy intakes as analyzed by adiabatic bomb calorimetry are 88, 102, and 119 
kcal/kg body weight/d for the 1st, 2nd, and 3rd periods, respectively. Faecal energy 
values for the three periods are comparable, 6, 5, and 7 kcal/kg/d, respectively for the 1 st, 
2nd, and 3rd periods. Metabolizable or absorbed energy for the 1st, 2nd, and 3rd periods 
are 83, 96, and 112 kcal/kg/d respectively. 
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2.7.2. Weight gains 

Greater weight gains were observed, 7, 53, and 70 g/d, respectively 
intake increased from 88 to 102 to 119 kcal/kg/d. 

TABLE II. DATA ON ENERGY ABSORPTION AND WEIGHT GAINS 

Energy 

Subject Intake Faeces Absorbed Weight gain Subject 
(kcal/kg body weight/d) (g/d) 

Level 1 

Mak 92 8 84 0 
Joe 83 5 78 30 
Ram 91 5 86 0 
Six 97 4 91 20 
Maj 86 5 82 20 
Chr 82 4 77 0 
Jef 84 80 -10 

Level II 

Mak 108 6 102 60 
Joe 96 4 92 50 
Ram 106 6 100 60 
Six 106 6 100 30 
Maj 91 1 90 30 
Chr 99 5 94 50 
Jef 96 4 92 70 

Level III 

Mak 122 8 114 70 
Joe 112 5 107 60 
Ram 117 8 109 90 
Six 120 7 113 60 
Maj 112 8 104 110 
Chr 123 8 115 80 
Jef 119 4 115 60 



2.1.3. Nitrogen Balance Data 

Urinary N output during the last 2 periods which are comparable, 192 and 
182 mg N/kg/d, respectively for the 2nd and 3rd periods are significantly lower than that 
obtained during the 1 st period of 236 mg N/kg/d. Faecal N excretion values, on the other 
hand, remained unchanged as energy intake increased, 68, 65, and 76 mg/kg/d during the 
1st, 2nd, and 3rd periods, respectively. As observed with faecal energy data, the N 
content of Maj's faeces during the 2nd period was also unusually low. N balance for the 
2nd and 3rd periods are comparable, 68 and 66 mg/kg/d, respectively and these values 
are significantly higher than the mean value obtained for the 1st period of 30 mg/kg/d. 

TABLE III. NITROGEN BALANCE DATA 

Intake Urine Faeces Balance 
Subject Subject 

(mg nitrogen/kg body weight/d) 

Le vel 1 

Mak 347 228 90 29 
Joe 320 248 63 9 
Ram 350 234 59 57 
Six 357 245 79 33 
Maj 316 235 57 24 
Chr 303 234 58 11 
Jef 329 229 57 43 

Level II 

Mak 336 219 75 42 
Joe 305 197 51 57 
Ram 332 181 72 79 
Six 345 226 81 38 
Maj 263 174 13 76 
Chr 323 178 60 85 
Jef 312 1 50 52 1 10 

Level III 

Mak 337 197 84 56 
Joe 310 184 69 57 
Ram 323 166 80 77 
Six 347 191 88 69 
Maj 305 158 91 56 
Chr 320 186 85 49 
Jef 305 166 50 89 
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2.1.4. Protein synthesis and breakdown 

Analysis of variance did not show any period related differences in protein 
synthesis, breakdown and balance. Urinary creatinine which was measured in this study 
as an indicator of muscle mass did not also show any marked differences related to dietary 
intake levels. 

TABLE IV. DATA ON PROTEIN TURNOVER RATE MEASUREMENTS 

Subject 
Synthesis Breakdown Balance Creatinine 

Subject 
(g protein/kg body weight/d) (mg/d) 

Leve 1 

Mak 2.844 1.302 1.542 167 
Ram 4.340 2.791 1.549 203 
Joe 3.825 2.730 1.09b 162 
Six 5.068 3.502 1.566 143 
Maj 4.330 2.772 1.558 316 
Chr 4.611 2.459 1.152 271 
Jef 4.898 2.897 2.001 255 

Level II 

Mak 5.326 3.754 1.572 217 
Ram 4.461 2.831 1.630 231 
Joe 4.616 3.004 1.612 200 
Six 3.060 1.037 2.023 156 
Maj 2.767 1.939 0.828 374 
Chr 4.521 2.947 1.574 311 
Jef 5.428 3.991 1.437 274 

Level III 

Mak 5.132 3.612 1.520 231 
Ram 3.731 2.278 1.452 259 
Joe 4.739 3.355 1.384 255 
Six 4.540 2.632 1.908 177 
Maj 4.310 2.095 2.215 347 
Chr 5.425 3.378 2.047 324 
Jef 5.027 2.693 2.334 302 
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TABLE V. SUMMARY TABLE OF MEANS AND SDS AND STATISTICAL 
SIGNIFICANCE* 

PARAMETER LEVEL 1 LEVEL II LEVEL III 

Mean SD Mean SD Mean SD 

Energy Absorption Data 
(kcal/kg/d) 

Intake 88a 6 102b 5 119c 4 
Faeces 6a 1 5a 1 7a 2 
Absorbed 83a 5 96b 5 112c 4 

Weight gain 7a 15 53b 14 70c 13 
(g/d) 

Nitrogen Balance Data 
(mg/kg/d) 

Intake 334a 21 326a 15 324a 16 
Urine 236a 8 192b 28 182b 13 
Faeces 68a 14 65a 13 76a 14 
Balance 30a 18 68b 28 66b 15 

Protein Turnover Data 
(g/kg/d) 

Synthesis 4 .264a 0.823 4.569a 0.849 4.766a 1 
Breakdown 2.780a 0.798 2.927a 1.040 2.991a 1 
Balance 1.484a 0.330 1.641a 0.199 1.774a 0 

Creatinine 200a 53 232a 54 258a 52 
(mg/d) 

* Means within a row followed by the same letters are not statistically different at 5% 
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APPLICATION OF 1 5 N AMINO ACID ABSORPTION ON CHRONIC 
ENTEROPATHY AND HEPATIC DESEASES IN INFANTS 

M. CULEA, N. PALIBRODA, M. CHIRIAC, Z. MOLDOVAN, N. MIU" 
Institute of Isotopic and Molecular Technology, Cluj-Napoca, Romania 
"Paediatric Clinic, University of Medicine and Pharmacy, Cluj-Napoca, 
Romania 

Abstract 

The aim of this study was to estimate malabsorption status in humans using 
a ,5N stable isotope tracer technique. ['5N]-glycine, 98.98 atom %, was 
synthesized in our institute and was administered orally as a single bolus 
dose to twelve patients. Six of the 12 subjects studied were healthy and 
6 were suspected of having ma/absorption. Blood, urine and faecal samples 
were obtained, proteins in the samples were precipitated with sulphosalicylic 
acid 15%), the eluate was purified with Dowex 50W-X8 (40mm x 2mm 
column), and derivatised to form the trifluoroacetyl-butyl esters using 
standard techniques. Gas chromatographic separation was performed on a 
glass column 2m x 3mm i.d. packed with EGA 1 % on Chromosorb WAW 
80-100 mesh. An isotope dilution GC/MS method and Kjeldahl digestion 
followed by MS analysis of nitrogen gas was performed. '5N isotopomer 
was used as internal standard. f'5NJ-G/y elimination in faeces was compared 
with total 15N elimination in faeces to distinguish artefacts caused by 
intestinal bacteria. Significant differences in the amount of [15N]-Gly 
eliminated in urine and faeces between malabsorption and control patients 
were obtained. Quantitative methods were also developed for amino acid 
(Gly, Leu, Asp, Glu) analyses in biological samples using isotope dilution 
mass spectrometry. Validation of the parameters showed linearity in the 
range of 20 - 80 pg/ml and precision and accuracy with relative standard 
deviation better than 4%. More emphasis should be given to the faeces 
data than to urine because '5N elimination in urine is competitive with 'SN 
Incorporation into protein. More emphasis should also be given to 
[,5N]-glycine analysis by GC/MS of faeces than to 15N analysis by Kjeldahl 
total nitrogen, to avoid the influence of nitrogen absorption by intestinal 
bacteria. 
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1 . SCIENTIFIC BACKGROUND AND SCOPE OF THE PROJECT 

Stable isotopes are useful tools for obtaining quantitative information in a variety 
of metabolic studies and offer significant advantages over many clinical methods. In low 
doses, stable isotopes do not alter metabolism. Their quantification is possible using mass 
spectrometry which can distinguish between heavier and lighter isotopes by virtue of their 
relative differences in mass. The use of stable isotopic tracers provides a nonradioactive 
and noninvasive basis for studies of paediatric nutrition and gastroenterology [1-3]. 

Methods based on the stable isotope, 1 5 N , have been used extensively in studies 
of nitrogen pool sizes, of nitrogen flux, and of protein synthetic and catabolic rates [4-11 ] . 
The labelled compound used most widely is [ 1 5N]-glycine, principally because it is less 
expensive than other 1 5N-labelled compounds. 

The aim of this study was to characterize malabsorption status in infants who had 
a clinical diagnosis of intestinal malabsorption. Isotopic analysis was performed either on 
nitrogen-gas from total nitrogen or directly on glycine using the GC/MS method. 
[ 1 5N]-glycine appearance in the serum and the cumulative [ 1 5N]-glycine excretion in urine 
and faeces following a single oral administration of 1 5 N labelled glycine was measured in 
infants and children wi th a diagnosis of intestinal malabsorption and in healthy control 
subjects. Malabsorption status was characterized by comparing the distribution of 1 5 N and 
[ 1 5N]-glycine between body fluids in these 2 groups of subjects. 

2. EXPERIMENTAL METHOD 

2 . 1 . Materials and methods 

Subjects in this investigation were six children wi th a diagnosis of severe dystrophy 
and enteropathy syndrome who were suspected of having intestinal malabsorption. Six 
children who were hospitalized for reasons unrelated to digestive disease were enroled as 
healthy control subjects. All subjects were hospitalized in Paediatric Clinic II, Cluj-Napoca, 
Romania. The protocols were approved by the University of Medicine and Pharmacy, Cluj-
Napoca, and writ ten informed consents were obtained from each subject's parent(s) prior 
to the study. 

Standard amino acids and trifluoroacetic anhydride were obtained from Merck 
(Darmstadt, Germany). Acetyl chloride and the ion exchange resin Dowex 50W-X8 were 
from Fluka (Buchs, Switzerland) and ethylene glycol adipate was purchased from 
Chrompack (Middleburg, The Netherlands). [ 1 5N]-leucine (Leu: 55%) was from VEB Berlin 
Chemie (Berlin, Germany), [ 1 5N]-aspartic acid (Asp: 32%) and [ 1 5N]-glutamic acid (Glu: 
99.5%) were produced in our institute by enzymatic synthesis and [ 1 5N]-glycine (Gly: 
98.98%) produced by chemical synthesis. 

Proteins were precipitated wi th 5% sulphosalicylic acid. Amino acid purification 
was performed on a Dowex 50W-8X, 40mm x 2mm column, using 4M ammonium 
hydroxide for amino acid elution. 

Derivatisation was performed by esterification wi th butanol/HCI 3M at 1 50 C for 
20 minutes followed by trifluoroacetylation with trifluoroacetic anhydride and methylene 
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Chloride (1 : 1 v/v) at 1 5 0 C for 10 minutes. The butanol/HCI 3M reagent was prepared 
by mixing butanol wi th acetyl chloride (4:1 v/v). After esterification and acetylation the 
excess reagent was evaporated by flushing wi th dry argon. 

A Perkin Elmer gas Chromatograph model 990 wi th flame ionization detector (FID) 
was used. The setting for the optimum separation of all amino acids was: column 
temperature programmed from 60°C (held for 8 minutes) to 200-C at a rate of 
3 'C/minute, injection port and detector temperature 200 °C. 

In the GC/MS mode a double focusing MAT 311 mass spectrometer wi th electron 
ionization was used. The ion source and the GC/MS interface were maintained at 200 C. 
Ionization was performed wi th a 100 /JA electron beam at 70 eV. 

2.2. GC/MS analysis 

The method was validated for some amino acids: Gly, Leu, Asp and Glu [12] . Some 
analytical parameters were tested: linearity, day-to-day reproducibility, precision and 
accuracy. 

The following concentrations were used for checking the linearity of the standards: 

Standard: Calibration curve: 

Gly: 5, 10, 20 , 40 , 80 //g/ml y = 0.0426 x + 0.121 r = 0.9989 

Precision was measured by the determination of amino acid concentrations ten 
times daily from standard homogenates containing 20 //g/ml. Accuracy was determined 
by the comparison of measured and true concentrations in standard samples of 20 and 40 
/yg/ml. Each of these samples was extracted twice and the extraction solutions injected 
tw ice. Relative standard deviations (RSD) were below 4 % . Day-to-day reproducibility 
measured by ten assays corresponding to a ten day period for each amino acid gave good 
relative standard deviation values: 

Gly: 30 fjg, n = 4 , RSD = 1.5%; 50/yg, n = 9, RSD = 0.5% 

The isotope dilution GC/MS method was used to determine Gly quantities in 
samples. For that purpose, GC/MS determinations were performed isothermally, at 
1 4 0 C , to obtain a reasonable elution at 3.5 minutes. Two selected ion clusters 
(m/z 1 54/1 55 and m/z 172/173) were recorded, as both are characteristic ion clusters for 
the 1 4 N / 1 5 N Gly. The m/z ratio 1 72/173 was used to avoid interferences wi th other 
compounds, especially in faeces. 

GC sensitivity factors defined as the ratio of the FID response to the amount of the 
amino acids injected, for a standard mixture of amino acids, 100 yug/ml each, were 
calculated. Amino acid concentrations were then calculated from FID response for some 
amino acids, using as reference the value obtained by isotope dilution for Gly. 

The isotope dilution method was used to determine Gly, Leu, Asp and Glu. Forthat 
purpose, GC/MS determinations were performed isothermally, to obtain a reasonable 
elution between 2 and 5 minutes (Gly 140 'C , Leu 150°C, Asp 170-C and Glu 200°C). 
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Two selected ions were alternatively recorded, a characteristic ion for the 1 4 l \ l amino acid 
and another for 1 5 N amino acid (Gly: 154/155 or 172/173; Leu: 182/183; Asp: 212 /213 ; 
Glu: 254/255) [12] . The following calibration curves were developed: 

Standard: Calibration curve: 

Leu: 10, 20, 30 , 4 0 pg/m\ y 0.0410 x + 0.935 r = 0.9986 

Asp: 20, 40 , 60, 80 fjg/m\ y 0.0352 x + 1.799 r = 0.9990 

Glu: 20, 40 , 60, 80/vg/ml y 0.01 28 x + 0.267 r = 0 .9936 

Day-to-day reproducibility measured by ten assays corresponding to a ten day 
period for each amino acid gave good relative standard deviation values: 

Leu: 10/vg, n = 4 , RSD = 1.5%; 30 / /g , n = 4 , RSD = 1.5% 

Asp: 40 fjg, n = 6, RSD = 0.8%; 60 fjg, n = 4 , RSD = 1.8% 

Glu: 60/yg, n = 3, RSD = 1.0%; 80 fjg, n = 3, RSD = 1.6% 

2.3. Malabsorption studies 

To evaluate malabsorption status, the single dose and the end product methods 
were used. Some data for the subjects investigated are given in Table I. A single oral 
dose of [ 1 5 N]- glycine was given in the morning before breakfast fol lowed by three-24 hour 
collections of urine and faeces, wi th two exceptions when collections were performed for 
t w o days only. Blood samples were taken before the administration of tracer and 30 , 60 
and 1 20 minutes (or only 30 and 60 minutes in two cases) after glycine administration. 

Faeces preparation: Prior to analysis each faecal sample was homogenized (with 
water if needed). The total weight before and after addition of water was recorded. The 
faecal samples were dried at 100-105 °C to constant weight and dry weight was recorded. 
The dried sample was ground into a fine powder and thoroughly mixed to ensure 
homogeneity before combustion wi th MS analysis. For glycine analysis, the samples were 
mixed wi th distilled water for 3 minutes and proteins were precipitated, addition of 
standard (20 fjg 1 5 N) , purification on ion exchange resin, derivatisation and analysis, as 
described before. The samples were divided into two parts and analyzed, one wi th internal 
standard addition and the other without internal standard addition. Isotope analysis was 
performed on the fragment ions of glycine m/z 154/155 or on m/z 172/173 when 
interferences from other compounds were observed on the glycine peak at m/z 154/155. 
A resolution of about 3000 was used to avoid interference with other compounds. Glycine 
concentrations were determined by isotope dilution mass spectrometry [12]. 

For total nitrogen analysis in urine and faeces, the Kjeldahl method was used and 
isotope analysis was performed by isotope ratio mass spectrometry on the nitrogen gas. 
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2.4. Calculations 

Calculations were made from data obtained by duplicate sample analysis, one 
without internal standard and one wi th internal standard, by using the regression curve 
method and the formula: 

p = S/V(Cs-C)/fC-Cp) 

where p is the tracée concentration, S is the internal standard quantity, V is the sample 
volume, Cp is the atomic fraction of the tracer [ 1 5N]-glycine in the sample, Cs is 9 9 % of 
[ 1 5N]-glycine (used as internal standard), C is the atomic fraction of tracer wi th the internal 
standard added to the sample. 

Relative data (% of dose), rather than absolute values have been chosen to account 
for the balance of 1 5 N . Serum absorption of [ 1 5N]-glycine was calculated assuming a mean 
blood content of 75 ml/kg body weight. 

3. RESULTS 

Clinical characteristics of the subjects, their diagnoses, and the 1 5 N doses 
administered are shown in Table I. 

Tables II and III present [ 1 5N]-glycine absorbed in serum (% of dose) and total 1 5 N 
and [ 1 5N]-glycine eliminated in urine and faeces (% of dose). 

In virtually all cases, the maximum absorption of [ 1 5N]-glycine, as reflected in 
serum, was already attained by 30 minutes after intake, and it did not exceed 7% of dose. 
Only a small fraction of the 1 5 N dose was eliminated as unmetabolised [ 1 5N]-glycine, the 
elimination in urine ranging from 0.11 to 1.1 5% of the dose, while the quantity eliminated 
in faeces was about ten times smaller. Most of the 1 S N was eliminated as urine total 
nitrogen, up to 3 5 . 8 % . The total amount of 1 5 N eliminated during three days as total 
nitrogen in urine + faeces showed recoveries of 1 5 N between 15 and 40 %. In one 
subject wi th suspected malabsorption, the elimination of 1 5 N in faeces far exceeded the 
total 1 5 N elimination in urine. The same subject also demonstrated the smallest elimination 
of glycine in urine. 

The absorption of [ 1 5N]-glycine in serum at 30 minutes after intake of the dose is 
shown in Figure 1, as mean values for the control group and as individual data for the 
malabsorption suspects. The data illustrated in Figure 1 indicate lower values in the 
malabsorption group in children under 5 years of age, but the differences are not 
statistically significant. 

Figure 2 shows the elimination of [ i r"N]-glycine and 1 5 N in urine, (% of dose), taking 
again mean values for the control group and individual data for the malabsorption group. 
The Student's t-test showed significant differences between control and malabsorption 
subjects in the case of t 1 5N]-glycine. It is to be noted that in the urines from the 
malabsorption group, both higher and lower elimination of [ 1 5N]-glycine were observed as 
compared to the control group. In the case of total nitrogen, the differences between 
malabsorption and control subjects are not significant because of the large standard 
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deviation obtained in the control subjects. In the case of comparison of younger subjects 
only, the errors could be reduced. 

Figure 3 and Table IV show the comparison of data obtained for the faecal samples; 
the significance of the differences could be improved if we eliminate the constipated 
control subject. A difficulty in comparing the data lies in the fact that analysis of 
[ 1 5N]-glycine in faeces was not started at the beginning of the study but only later during 
the investigation of the second half of the malabsorption subjects. Significantly increased 
elimination of [ 1 5N]-glycine was found in patient CN and of total 1 S N in patient TV who also 
shows the smallest total 1 5 N elimination in urine. The patients suspected of malabsorption 
for whom analysis of [ 1 5N]-glycine elimination in faeces was performed could also present 
other disturbances taking into account the high values obtained for 1 5 N eliminated in urine. 
Information on the possible influence of nitrogen absorption due to intestinal bacteria may 
be obtained from the comparison of total 1 5 N elimination in faeces, (which includes the 
absorption by intestinal bacteria), with the [ 1 5N]-glycine elimination, which passed as well 
the genuine intestinal absorption as the absorption by bacteria. The mean values of the 
controls show on a percent basis about 50 times higher elimination of total 1 5 N in faeces 
than the elimination of [ 1 5N]-glycine. On the other hand there seems to be a fair correlation 
between [ 1 5N]-glycine and total 1 5 N elimination in faeces, as shown in Figure 4, r = 0.499, 
indicating intestinal absorption and absorption by bacteria to be consecutive processes 
rather than competitive processes. 

4. CONCLUSIONS 

No statistically significant differences for the absorption of [ 1 5N]-glycine as reflected 
in serum were obtained between the healthy controls and the children suspected of 
malabsorption. No significant differences were obtained for the elimination of 1 5 N in total 
nitrogen of urine, but significant differences, in both directions, were observed for the 
elimination of [ 1 5N]-glycine in urine of malabsorption suspects as compared to healthy 
controls. 

Significantly increased elimination of 1 5 N in faeces was observed for total 1 5 N in one 
of six children wi th malabsorption and for [ 1 5N)-glycine in one of three subjects suspected 
of having malabsorption, the other two having the percentiles 9 and 44 . 

More emphasis should be given to faeces data than to urine because 1 5 N elimination 
in urine is competitive with 1 5 N incorporation to proteins. More emphasis should also be 
given to [ 1 5N]-glycine analysis by GC/MS of faeces than to 1 5 N analysis by Kjeldahl total 
nitrogen, to avoid the influence of nitrogen absorption by intestinal bacteria. 

Although we were unable to confirm malabsorption of [ 1 5N]-glycine in all cases of 
dystrophic children who had a clinical diagnosis of malabsorption, we think the reasons are 
unrelated to the method. Furthermore, we think the factors which confounded our ability 
to succeed wi th this determination could be corrected and that the method would be 
valuable in the determination of malabsorption status. We are aware of three potential 
problems which could have confounded our conclusions: 

( 1 ) the fact that the controls, although digestively healthy, were in fact children 
hospitalized for other diseases; 
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(2) different ages between the malabsorbing subjects and control 
subjects which confounded comparisons; 

(3) the protocol for sample collection and/or for accurate recording of when the 
samples were obtained may not have been followed in the hospital. 

4 . 1 . Future plans 

The selection of control group has to be improved (standard deviation and healthy 
control) in order to reflect the age and clinical states of the study population. It is probably 
sufficient and more rapid to pursue only [ 1 5N]-glycine elimination in urine and faeces, as 
the effort would be concentrated on statistics and the cost would be lower. The 
comparison between groups of the same age in the case of [ 1 5N]-glycine elimination could 
also improve the results. 

5. PAPERS PUBLISHED ON WORK UNDER THE CONTRACT 

One paper has been published under this contract [12]. 
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TABLE I. PERSONAL DATA OF THE INVESTIGATED SUBJECTS 

SUBJECT AGE WEIGHT DOSE DIAGNOSIS 
(kg) mg[1 5N]-Gly/kg 

HC 1 y 4 m 8.5 19.65 healthy 

BA 14y 60 7.07 

PB 10.5m 7.8 19.94 malabs.susp. 

TV 11m 5.6 19.00 

SN 1y 1m 6 18.28 

CR 5y 33 9.24 leukaemia 

CC 2y 5m 12.5 10.38 

Bl 9m 8.4 15.52 

TT 5y 21 9.79 

LN 17y 34 8.46 coeliac diseases 

BD 9m 5.4 12.15 enteropathy 

CN 5m 5.8 13.15 enterocolitis 
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TABLE II. ELIMINATION (ABSORPTION) OF [1SN]-GLYCINE IN BIOLOGICAL 
SAMPLE (% OF DOSE) 

SERUM 
S D 30' 60' 120' 

HC C 2.50 0.80 -

CC C 2.50 0.70 2.20 

Bl C 1.70 0.50 0.90 

TT C 4.30 1.40 -

BA C 6.50 6.70 -

CR C 5.40 3.30 1.60 

PB M 2.17 0.80 0.50 

TV M 1.90 1.20 0.70 

SN M 2.40 2.50 0.80 

LN M 5.67 2.57 0.83 

BD M 1.07 0.49 0.35 

CN M 1.25 0.52 0.56 

URINE FAECES 
[1SN] Gly elim. % of dose [15N]-Glycine elimination % of dose 
I II III total I II III total 

0.47 0.10 - 0.57 . . . -

0.27 0.12 0.15 0.54 0.0130 0.0210 0.0230 0.0570 

0.23 0.07 0.16 0.46 0.0080 0.0410 0.0160 0.0660 

0.34 0.11 0.05 0.50 0.0200 0.0200 0.0050 0.0460 

0.33 0.24 0.57 

0.0150 0.0150 0.08 0.10 - 0.18 

0.11 0.02 0.01 0.14 . . . . 

0.02 0.07 0.02 0.11 

0.07 0.10 0.04 0.21 . . . -

0.66 0.17 0.03 0.86 0.0001 0.0003 0.0729 0.0730 

0.69 0.99 0.09 1.77 0.0130 0.0020 0.0120 0.0270 

0.46 0.34 0.35 1.15 0.1340 0.0480 - 0.1820 

S = SUBJECT (initials) 
D = DIAGNOSIS (C = control subjects; M = malabsorption subjects) 
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TABLE III. ELIMINATION OF 1 5 N IN BIOLOGICAL SAMPLES (% OF DOSE) 

URINE FAECES 
1 5 N elimination % of dose 1 5 N elimination % of dose 

S D 1 II Ill total I II III total 

HC C 25.00 1.00 - 26.00 0.60 

CC C 11.70 1.80 1.10 14.60 2.30 0.70 0.30 3.30 

Bl c 24.00 4.90 4.10 33.00 0.30 1.50 0.30 2.10 

TT c 33.40 1.10 1.30 35.80 1.40 1.80 1.20 4.40 

BA c 3.20 4.40 - 7.60 3.60 

CR c 3.00 4.40 - 7.40 0.64 0.64 

PB M 7.20 2.00 2.90 12.00 3.10 

TV M 3.00 0.70 1.10 4.80 17.00 

SN M 14.00 1.70 0.40 16.00 5.10 

LN M 10.49 3.69 3.14 17.30 0.70 0.50 0.90 2.10 

BD M 5.40 7.03 4.06 16.50 1.70 0.90 0.30 2.90 

CN M 19.80 - 1.14 20.60 2.30 0.20 1.60 4.10 

S = SUBJECT (initials) 
D = DIAGNOSIS (C = control subjects; M = malabsorption subjects) 
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TABLE IV. ELIMINATION (ABSORPTION) OF [1 5N]-GLYCINE AND 
1 5 N IN BIOLOGICAL SAMPLES {% OF DOSE). 
STUDENT'S t-TEST DATA 

SERUM ABSORPTION URINE FAECES 
% 3 0 ' p [ 1 5 N] p 1 5 N p [ 1 5 N] p 1 5 N p 

dose -GLY TOTAL -GLY TOTAL 

Control 3 . 8 2 ± 1 . 8 9 0 . 5 3 ± 0 . 0 5 2 0 . 7 ± 1 1 . 5 0 . 0 4 6 ± 0 . 0 2 2 . 3 7 ± 1 . 7 0 

n* 6 5 6 4 6 

PB 2.17 NS* 0.14 0.0005 12 NS - 3.1 NS 

TV 1.9 NS 0.11 0.0005 4.8 NS - 17 0.0005 

SM 2.4 NS 0.21 0.0005 16 NS - 5.1 NS 

LN 5.67 NS 0.86 0.0005 17.3 NS 0.073 NS 2.1 NS 

BD 1.07 NS 1.77 >0 .0005 16.5 NS 0.027 NS 2.9 NS 

CN 1.25 NS 1.15 >0 .0005 20.9 NS 0.182 0.005 4.1 NS 

NS - not significant n - number of control cases 
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Figure 1. Absorption of [15N]-glycine, as reflected in serum, 30 minutes after intake 
of the dose. The mean values are given for control group. 
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Figure 2. Elimination of [15N]-glycine and 1 5 N in urine, % of dose; The mean values 
for the control group are compared with individual data of malabsorption 
group. 
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Abstract 

This report describes the use of the doubly labelled water (DL W) method for 
estimating energy expenditure in free living subjects to investigate possible 
adaptation to low energy intakes in subjects in India, Mexico and Malaysia. 
The DLW method, which utilises the stable isotopes 2H and '80, was used 
together with established methodologies to determine whether adaptation 
of energy needs to chronically low energy intakes occurs and, if so, whether 
it operates via an effect on metabolism, body composition or behaviour. 
Experimental design relevant to the DL W method is discussed with reference 
to the methodological problems anticipated for each of the groups studied. 
Particular attention is given to errors introduced by isotope sequestration 
and fractionation and the measures taken to deal with these potential 
sources of error. New approaches to monitoring mass spectrometer 
performance during routine sample analysis are described. A method is 
described whereby serial dilutions of the dose material may be analyzed as 
if they wore biological samples and the pool size and water and C02 flux 
rates calculated as normal. The accuracy of pool size and water flux may 
be verified by comparison with the gravimetric data and the accuracy of the 
CO 2 flux determined by comparison with the theoretical value of zero. The 
formulae used to calcula te pool size, and wa ter and C02 flux ra tes are given. 
The results of the completed DLW studies are presented and areas of 
continuing work described. 

1. SCIENTIFIC BACKGROUND AND SCOPE OF THE 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 
wi th applicability of the FAO/WHO/UNU [1] 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 undernutrition on body 
composition. The FAO/WHO/UNU [1] prediction equations reduce energy expenditure to 
two components, the basal metabolic rate (BMR) and total energy expenditure (fig 1). 
Energy requirements are then calculated as multiples of BMR but until recently it has 
proved extremely difficult to objectively assess the total energy expenditure of free living 
subjects in their normal environment. However, wi th the advent of the DLW method this 
has become possible. The DLW technique [2,3] is based on the observation that the 
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turnover of water oxygen (0) is greater than that of hydrogen (H) because both elements 
are lost from the body as water but 0 is also lost in the form of expired C 0 2 . This occurs 
because the C 0 2 in the body is in equilibration with water O. The reaction is catalysed by 
carbonic anhydrase and each enzyme molecule can hydrate 1 0 s molecules of C 0 2 / sec; 
this is 1 0 7 times faster than the uncatalysed reaction and, for the purposes of the DLW 
method, equilibration can be considered to be instantaneous. Therefore, when body water 
is labelled w i th the stable (non-radioactive) isotopes deuterium (2H) and oxygen-18 ( 1 8 0) , 
the rate of 2 H dilution gives a value for water flux (rHjO) and the rate of 1 8 0 dilution a value 
for water flux plus C 0 2 production (reo,) 

The aim of the research programme described here is to evaluate the applicability 
of the FAO/WHO/UNU [1] prediction equations to individuals in developing countries and, 
where appropriate, to identify whether any discrepancies between predicted and measured 
energy expenditure can be ascribed to metabolic/behaviourial adaptation or to the effects 
of chronic undernutrition on body composition. Thus, the outcome of this study will be 
of great importance in the verification and refinement of the FAO/WHO/UNU [1 ] equations 
for prediction of energy needs in developing countries. Considering the two components 
of energy expenditure used to predict energy requirements we may reduce the postulated 
phenomenon of adaptation to two testable hypotheses. 

Hypothesis 1. BMR per unit body mass is reduced in chronically undernourished 
individuals. 

Possible mechanisms: 

(i) the tissues have a lower rate of basal metabolism, perhaps due to a 
biochemical adaptation, and/or 

(ii) those tissues wi th low metabolic rates in the resting state make up a greater 
proportion of body mass. 

Hypothesis 2. The FAO/WHO/UNU multiples of BMR used to predict energy expenditure 
are not appropriate for chronically undernourished individuals. 

Possible mechanisms: 

(i) individuals do less muscular work because they are energetically more 
efficient at performing tasks, and/or 

(ii) they are unable to sustain high levels of work, and/or 

(in) they are less active during leisure time because they are too tired after the 
demands of work, and/or 

(iv) the tissues have a lower rate of metabolism, perhaps due to a biochemical 
adaptation, and/or 

(v) those tissues wi th low metabolic rates make up a greater proportion of body 
mass. 
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It can be seen from these hypotheses that the process of adaptation can span many fields 
of research, from biochemistry to behaviour, and the laboratories in India, Mexico and 
Malaysia have each chosen to concentrate on different aspects of this complex problem 
(see the respective reports elsewhere in this document for details). 

2. EXPERIMENTAL METHOD 

2 . 1 . Organisation 

The role of the Rowett Research Institute in this programme was to facilitate these 
studies on energy needs in the developing world by providing technical assistance in the 
use of stable isotopes to study energy expenditure. Specifically, the Rowett undertook to 

(a) Design the DLW protocol for each laboratory and assist wi th overall study 
design. 

(b) Train workers from developing countries in the use of calorimetric 
techniques and the principles and practice of the DLW method. 

(c) Purchase and distribute isotope. 

(d) Analyze samples of body fluids for 2 H and 1 8 0 . 

(e) Calculate rco 2 and energy expenditure from isotope results. 

(f) Discuss interpretation of results wi th workers from each laboratory and 
assist in preparation of data for publication. 

The DLW study protocols can be found in the respective reports elsewhere in this 
document. The details of stable isotope analysis and calculations are given below together 
w i th the quality assurance procedures fol lowed. Anticipated problems associated wi th 
application of the DLW method in each of the protocols are also presented below together 
w i th the steps taken to address these problems. 

2.2. Training and communication 

During the course of the CRP, representatives from each of the three collaborating 
laboratories in India, Mexico, and Malaysia visited the Rowett Research Institute (RRI) to 
be trained in the principles and practice of the DLW method and mass spectrometry. 
2 H 2

i a O was distributed to the laboratories. In addition, one litre of calibrated laboratory 
reference waters was dispatched from RRI to India for use in their new mass spectrometer 
laboratory. Biological samples were transported to the RRI for analysis. Drs. Haggarty and 
McNeill of the RRI went to Mexico to train workers in the use of DLW and calorimetry and 
Dr. Haggarty discussed DLW protocols in India. 

117 



3. ANALYTICAL 

Sufficient isotope was administered to raise the 2 H 2 and 1 8 0 concentrations in the 
body water to approximately 300 parts per million (ppm) excess (0.19g H 2

1 8 0 /kg body 
weight; 0.24g 2 H 2 0 /kg body weight). All isotope enrichments were determined on SIRA-
10, SIRA-12 or SIRA-II mass spectrometers (VG Instruments Ltd. Middlewich, U.K.) 
relative to a series of laboratory reference waters calibrated against V-SMOW and SLAP 
using 155.6 ppm ( 2 H 2 0) and 2005.9 ppm (H 2

1 8 0) as the best estimate of the abundance 
of V-SMOW. The mean standard error for mass spectrometer analysis was 0.4 ppm for 
2 H and 0.1 ppm for 1 8 0 , there was no indication that the standard errors changed wi th 
sample enrichment. The precision and accuracy of the measurements can be judged from 
the values obtained for the four IAEA reference waters analyzed at this Institute. Our 
results (labelled RRI) are plotted beside those of 7 other laboratories taking part in the 
reference water comparison (fig 3). In all cases the values are within the 9 5 % confidence 
limits and the standard deviations are similar to or smaller than those reported by other 
laboratories. 

3 . 1 . Quality assurance 

The isotopic enrichment of samples is normally determined against a series of laboratory 
reference waters of known isotopic composition. If the assumed enrichment of the 
reference waters differs from the true value because of e.g. contamination or exchange 
with atmospheric water or errors in the original analysis of the reference water, then bias 
may be introduced into the calculation of rco 2 . A simple check on this is to prepare serial 
dilutions of the 2 H 2

1 8 0 dose material with unenriched tap water to obtain a similar starting 
enrichment and k to that found in the experimental subjects. By running these 'artif icial ' 
samples alongside biological samples the values for k, N and flux rate for each isotope may 
be estimated and their absolute accuracy verified against the gravimetrically predicted 
values (fig 4). A more sensitive test of accuracy on the DLW method as a whole arises 
from the fact that, since both isotopes are diluted in exactly the same way, they should 
give identical values for the k and N and hence the flux rate. Since rco 2 is calculated 
essentially as the difference between the two flux rates the values for rco 2 should be zero. 
Following this procedure we obtained values for f lux' 8o and flux JH which differed by only 
3g/day (equivalent to +21 C0 2 /day). Thus it can be assumed that the enrichments 
determined in the samples are a true reflection of the 2 H and 1 8 0 abundance in the body 
water. 

3.2. Calculations 

In the formulae given below the following notation is used: 

N start pool size (g) 
A(g) weight of dose (g) 
A(mm), B{mm) molecular mass of dose and background water (amu) 
A(ppm), B(ppm) enrichment of dose and background water (ppm) 
l(ppm) initial enrichment of body water (ppm) 
X fractionated water loss as a proportion of total 
f, 2 3

 2 H and 1 B 0 fractionation factors 
k rate constant (/day) 
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N, flux rates, rH2o and rco 2 were estimated as fol lows; 

Flux = k N 

N - Afl) B(mm) \pm) B(pPm) 
'"start —7 X - —-

^(mm) 'ippm) D(ppm) 

The rH2o was calculated from the flux2H after correcting for fractionated water loss (X) 
(f, = 0 . 9 4 1 ) . 

FluxZH 

'H20 if, X) + (1 - X) 

The rcOj was calculated from the difference between f lux 1 8 o and flux JH after correcting for 
isotope fractionation (f2 = 0.99, f 3 = 1.039). The fractionation factors f, and f 2 are based 
on in vitro equilibrium fractionation data and although there may be some kinetic 
fractionation during evaporation from the skin, both f, and f 2 wil l be affected to a similar 
extent and the errors wil l largely cancel in the calculation of rco 2 [4, 5 ] . 

'C02 
HuxA80 - {(/ 2 X rH2D) + (1 - X) 

2 U 

4 . SPECIAL CONSIDERATIONS IN DLW STUDY DESIGN 

If it were possible to determine exactly the true enrichment of 2 H and 1 8 0 in the 
body water following isotope administration and if 2 H and 1 8 0 flux rates were functions 
only of rH2o and rco 2 then the DLW method would provide a true and exact value for rco 2 . 
We have already ruled out mass spectrometer measurement as a source of bias but f iux 1 8o 
and flux 2H may not simply be functions of rH2o and rco 2 . Because of mass effects, 2 H and 
1 8 0 are not perfect tracers for the more abundant 1 H and 1 6 0 isotopes in water, also, the 
H and O of water may have routes of loss other than C 0 2 and H 2 0 . The magnitude of bias 
on DLW derived rC02 resulting from these processes will depend on the prevailing 
environmental conditions and the physiological state of the subjects and therefore will be 
specific to each experimental group. 

4 . 1 . Potential problems 

4.1.1. Fractionated water loss 

Water lost in the exhaled breath and transcutaneously is fractionated [4] and 
isotope flux rates must be corrected for the amount of fractionation in the calculation of 
rH2o and rco 2 . The exact method of calculation of fractionated water loss is still open to 
debate and the assumption of a single value for transcutaneous loss does not fully take 
account of the factors which are known to affect skin losses and may be too simplistic [4] . 
Fractionated water loss was calculated here as the mid-point of a maximum physiological 
range and the uncertainty inherent in the range was incorporated into the estimate of 
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precision of the final value for energy expenditure. Assuming that the breath is 9 5 % 
saturated at 36°C (40 mg H 20/l breath) and that it contains 3.5% carbon dioxide [5] the 
breath water loss can be calculated from the rate of carbon dioxide production (1 .14 g/l 
carbon dioxide). However, a problem occurs because a value for fractionated water loss 
is required to calculate rco 2 which is then used to calculate fractionated water loss. This 
can be overcome by an iterative approach where the uncorrected flux rates are used to 
calculate carbon dioxide production initially, each parameter is then repeatedly calculated 
until it becomes stable and does not change with further iterations. 

Transcutaneous water loss is largely a function of skin temperature [6]. Kuno [6] 
has estimated transcutaneous water loss to be 16 g/m 2 /h for resting man at room 
temperature. This value doubles for a 10°C rise in skin temperature whilst, conversely, 
Schoeller et al. [7] argue that it is halved because of the effect of clothing. The minimum 
fractionated water loss was estimated here using only breath water loss and the maximum 
as the breath water loss plus the resting transcutaneous water loss measured by Kuno [6]. 
The value used in calculations was the mid-point and the range was incorporated into the 
overall precision on energy expenditure [8]. This approach ensures that the DLW-derived 
expenditure values are accurate to within the given estimates of precision. 

4.1.2. Isotope sequestration 

Loss of 2 H into any product other than water (sequestration) will cause water 
flux to be overestimated and consequently rco 2 to be underestimated [9]. Conversely, 1 8 0 
sequestration would cause rco 2 to be overestimated. The term sequestration is usually 
applied to incorporation into the stable carbon-hydrogen bonds of organic compounds but 
exchange of water H and O wi th material which is subsequently exported from the body 
(e.g. faecal or milk solids) wi l l , for all practical purposes, also appear as sequestration [9] . 
Fat, being the most reduced class of compound in the body, is potentially the greatest sink 
for water 2 H and is the only one of the above with the potential to affect the technique 
significantly (fig 5). This potential problem is of particular concern during overfeeding 
studies such as those being carried out by Professor Shetty and his group in India. For this 
reason we have jointly designed a protocol to quantify 2 H sequestration into fat using t w o 
approaches: 

a) by direct measurement of the end product (i.e. the circulating free fatty 
acids released from adipose tissue after and overnight fast and nor-adrenalin 
infusion; see fig 6) and 

b) by quantifying fatty acid turnover from the time taken for the 2 H 2 0 
enrichment to return to background levels (see fig 7). 

5. RESULTS 

The DLW derived results from the first phase of the Mexico study protocol are 
presented in Table I. The values for the three different BMI groups studied are presented 
separately (see report by Dr. Valencia elsewhere in this document for physiological 
interpretation), the second phase of this study is now underway. The Malaysian DLW 
derived results are presented in Table II. The mean calculated parameters for the urban 
and rural groups are given separately (see report of Dr. Noor elsewhere in this document 

120 



for physiological interpretation). Plasma samples from the sequestration study of Dr. 
Shetty have been sent to Aberdeen and the fat wil l be extracted and analyzed for 2 H 
incorporation. All other samples arising from the Indian studies will be analyzed in India 
using their newly acquired mass spectrometers. 

6. DISCUSSION 

Studies on the effects of chronic under-nutrition on energy metabolism in man are 
often confounded by concomitant changes in body composition. In this multi-centre study 
we have attempted to circumvent this problem by studying both the energetic 
consequences of chronic under-nutrition in individuals of low BMI and the effect of low 
BMI on the energy expenditure of individuals w i th access to food of sufficient quantity and 
quality to meet their dietary requirements. The reference point for these studies has been 
the FAO/WHO/UNU estimates of energy requirements [1]. 

The studies in Mexico showed that the FAO/WHO/UNU equations overestimated 
the BMR of adult males by approximately 8%. However, there was an effect of body 
composition and the overestimate was greatest in those individuals wi th the lowest BMI 
( + 10% in the group with BMI = 18 and body fat = 14%). The results from Malaysia 
confirm the finding that the true BMR is lower than predicted by FAO/WHO/UNU but the 
discrepancy, in subjects of similar body composition (BMI = 21.4, body fat = 17%) to 
those studied in Mexico, was almost double that of the Mexican males. Studies in India 
have shown an increase in BMR in response to energy supplementation although the 
interpretation of this finding is complicated by the fact that the subjects may not have 
been fully post-absorptive, as indicated by very high RQ values during the BMR 
measurements. We can, however, safely conclude that the existing FAO/WHO/UNU 
equations for predicting BMR overestimate the true value in individuals from different 
countries and with a wide range of body compositions. If the Malaysian BMR results are 
confirmed they suggest that there may also be ethnic differences in the relative masses 
of the body tissues in subjects with the same gross body composition or differences in the 
metabolic rate of the tissues. 

The accuracy of the FAO/WHO/UNU equations was tested by measuring TEE in 
adults from rural and urban communities in Malaysia wi th DLW. The measured BMR 
multiples in the Malaysian subjects were 1.81xBMR (urban) and 1.77xBMR (rural) whilst 
the multiples on which the FAO/WHO/UNU equations are based are 1.55xBMR (light 
work), 1.78xBMR (moderate work) and 2.10xBMR (heavy work). The absolute level of 
expenditure, determined using DLW, was, however, lower than the FAO/WHO/UNU 
predicted values for those engaged in occupations classified as moderate but similar to the 
FAO/WHO/UNU predictions for those engaged in light work. Since the rural Malaysian 
group was engaged in moderate to heavy work during the measurement period we can 
conclude that the FAO/WHO/UNU equations overestimate expenditure in these subjects. 
It is also notable that the urban group, whose work was classified as light, achieved a 
similar BMR multiple to the rural group whose work was classified as moderate to heavy. 
This suggests that leisure activity can have large effects on expenditure but the 
FAO/WHO/UNU approach to estimating requirements takes little account of variability in 
leisure time activities, choosing instead to concentrate on occupation as the main 
determinant of expenditure. This contrasts wi th more recent estimates of energy 
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requirements for the UK population [10] which take account of both occupation and levels 
of activity during leisure t ime. 

Studies in Mexico on the interaction of body composition wi th leisure activity in 
subjects performing a standard working day under highly controlled laboratory conditions, 
showed that the BMI had no significant effect on the proportion of total energy expended 
during leisure t ime. However, the Mexican data on the energy costs of activities indicates 
that individuals w i th low BMI are more efficient at performing work tasks, both in terms 
of the absolute level of expenditure and when expressed as a multiple of BMR. Thus, 
chronically low energy intakes, resulting in a low BMI, could bring about an increase in 
efficiency of muscular work thereby representing a possible mechanism for adaptation to 
low energy intakes. 

Application of the DLW method to subjects in energy imbalance, as in the 
overfeeding studies to be carried out in India, may give rise to a number of methodological 
problems. Essential preliminary methodological work has therefore been carried out in 
India prior to application of the DLW method. The results of the proposed DLW studies 
in India, together wi th the work already completed, should allow us to determine whether 
adaptation occurs in the subjects studied and, if it does, to elucidate the mechanism. The 
results obtained so far suggest that present FAO/WHO/UNU equations for estimating 
energy requirements could usefully be updated in the light of more accurate BMR 
measurements and that the BMR multiples ascribed to occupational activities should be 
amended accordingly. The potential for BMl to affect the energetic efficiency (and hence 
BMR multiple) associated wi th any given task indicates a potential area of adaptation in 
subjects of low BMl, which may usefully be considered in any revision of the present 
FAO/WHO/UNU prediction equations. Also, the finding that leisure activity can account 
for an appreciable proportion of TEE, even in individuals performing heavy work, suggests 
that any future system of estimating energy requirements should allow for a wide range 
of discretionary activities. 
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TABLE I. SUMMARY OF DLW DERIVED PARAMETERS (MEXICO STUDY). 
(mean ± SD) 

Low BMI group Medium BMI group High BMI group 
(n = 4) (n = 4) (n = 4) 

2 H pool size (g) 3305 4143 4323 
.+ 261 jf_449 _+ 364 

2 H flux rate (g/day) 5132 5329 5986 
+.669 ±847 j f . 445 

1 S 0 flux rate 6083 6495 7176 
(g/day) .+ 821 +.1077 ^ 3 4 6 

rH2o (g/day) 5186 5393 6052 
.+ 674 ± .853 j + 4 4 3 

rco 2 (l/day) 542 666 679 
+.109 +.153 .+ 78 .+ 78 

TABLE II. SUMMARY OF DLW DERIVED PARAMETERS (MALAYSIA STUDY). 
(mean ± SD) 

Urban group (n = 7) Rural group (n = 7) 
2 H pool size (g) 3650 3170 

±392 4^437 

1 s O pool size (g) 3512 3071 
J^381 ±429 

2 H flux rate (g/day) 3275 3303 
.+ 460 .+ 579 

1 s O flux rate 4057 4008 
(g/day) .+ 594 .+_690 

rH2o (g/day) 3324 3347 
+.466 ^ 5 8 5 

rco 2 (l/day) 444 400 
±85 +.71 
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Figure 1 . The components of energy expenditure as a proportion of the total. 
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SAMPLES ANALYSED IN 2 H 2 " 0 STUDIES 
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WATER HYDROGEN INCORPORATION INTO 
DE NOVO SYNTHESISED FATTY ACIDS 
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Figure 5. Mechanism of incorporation of water hydrogen (and 2H) into de novo 
synthesised fatty acids. 
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PREDICTED 'HjO ENRICHMENT IN SEQUESTRATION STUDY 
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Figure 6. Experimental protocol used to quantify incorporation of 2 H into body fat 
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Figure 7. Experimental protocol used to quantify incorporation of 2 H into body fat 
(long duration study). 
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SYNTHESIS OF 13C-LABELLED LACTOSE FOR METABOLIC STUDIES 
IN SUBJECTS WITH GASTROINTESTINAL DISORDERS 

P. MOYNA 
Facultad de Química, Montevideo, Uruguay 

Abstract 

The long-range goals Included development of a 13C-labelled lactose method 
for measuring lactose malabsorption in patients with diarrhoea. The short-
term goals included assembling a nuclear magnetic resonance system and 
a computer system for spectra analysis. The latter results are the subject 
of the report. 

1 . SCIENTIFIC BACKGROUND AND SCOPE OF THE PROJECT 

1.1 . Scientific background 

High mortality rates are a common characteristic to underdeveloped countries. 
Thus, while Sweden and the United States have figures of 6 and 10 per thousand, some 
Latin American countries exceed 15 %o (Chile, Costa Rica, Brazil and Haiti). Uruguay's rate 
is approximately 20 % o . 

One of the failures contributing to this is the prevalence of diarrhoea derived from 
different etiologies, that debilitate infants putting them in risk. As infantile diarrhoea can 
be of different etiologies (genetic or infectious), it is important to ascertain the origins to 
start the appropriate treatments without undue delay. 

At present two-thirds of the patients incoming to Montevideo's Paediatric Services 
suffer from diarrhoea. Half of the present infantile mortality for Uruguay can be ascribed 
to malnourishment and diarrhoea. 

One of the factors resulting in the disorder is the inability of lactose absorption, due 
to low concentrations of lactases in the intestinal brush border. Although this can result 
from infections and other transitory causes, it can be due to genetic factors, for while the 
northern European races have higher concentrations, the African and Asian populations 
tend to have lower values. These racial figures are similar when the populations are 
transplanted to new regions as is the case of Latin America. 

The inability of the intestine to absorb the lactose results in its unmodified transit 
in the intestine, which permits the activity of anaerobic bacteria wi th the production of 
hydrogen, methane and acid substances, a situation that originates the disorder. 
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If the causes of the diarrhoea can be ascertained quickly by a reliable analytical 
procedure, much time and trial-and-errors can be obviated, so several clinical procedures 
are in use. Some of them are direct, trying to detect the presence of reducing sugars in 
the faeces. The methods used are crude (Fehling's or the anthrone methods), and evaluate 
the reducing character of the whole range of components in the sample. Others are 
indirect, measuring the presence of hydrogen in the expired breath, and are more 
sophisticated but do not take account of other conditions that can result in high figures. 

1.2. Scope of the project 

The original proposal was to develop a method for detecting the presence of 
unaltered "spiked" lactose, where C-13 had been incorporated in one specific position of 
a lactose sample. In this way, by using C-13 NMR, detection of the untreated samples 
could result in a high-precision, high throughput method. 

This approach implied: the synthesis of specifically labelled lactose; the adaptation 
of an NMR spectrophotometer for the measurements; the determination of real-life 
samples; the comparison of all known methods wi th the new technique. 

2. EXPERIMENTAL METHODS 

The synthesis of labelled lactose was considered in two paths. In the first, the 
oxidation of lactose to transform it to arabino-galactose (loss of the carbon in the C-1 
position), and its reconstruction by the Kiliani procedure, using Na 1 3 CN. 

The second implied the formation of C-1 labelled glucose (from D-arabinose by the 
Kiliani method), and its transformation to C-1; C'-1 lactose using rat-liver microsomes. 

Thin Layer chromatographic methods were considered a reasonable alternative, 
useful as standards to evaluate all those in use. 

A couple of obsolete Varían XL-100 NMR spectrophotometers donated by the 
Zürich ETH (Switzerland) were used to assemble one workable machine. 

3. RESULTS OBTAINED 

Of the three work lines the analytical and the equipment reconstruction ones 
advanced very reasonably. The basic synthetic line did not develop to the full extent 
desired. 

The synthetic procedures advanced using "cold" samples, and both, a sample of 
reconstructed glucose and lactose were obtained during the period. No "hot" samples 
were prepared, as the other work lines were much more successful, making the starting 
plan unoperable. 

The reconstruction of the NMR was extremely laborious, but successful. The work 
implied the reconstruction of the power supply, cooling tower, magnets and probes, and 
pulse generators. One machine was made of the t w o received. Finally, spectra were 
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obtained using the pulse method for 1 H . The most interesting work went into developing 
an alternative computer system, based on a PC, that substituted the teletype and 
computer. This allows the accumulation of spectra, and the PC-analysis of the resulting 
signals. The substitution was presented as a communication to the Editor of the Journal 
of Chemical Education, where it was accepted and wil l be published in one of the 1993 
issues. 

The analytical procedures by TLC were extremely successful. The resulting 
technique, which covers the preparation of samples, the development techniques and their 
qualitative and quantitative detection and measurement by TLC-scanning, was able to 
isolate and identify lactose, other disaccharides and simple hexoses and pentoses. Results 
were obtained from pure sugars and directly from faeces. Both qualitative and quantitative 
measurements were possible. The technique was presented to the Editor of the Clinical 
Chemistry for publication. The method is extensible to other fields where sugars have to 
be detected and measured in aqueous solutions (clinical, biological and food areas). 
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STABLE ISOTOPE METHODOLOGY AND ITS APPLICATION TO 
NUTRITION AND GASTROENTEROLOGY. 

Peter D. KLEIN, David L. HACHEY, William W. WONG, Steven A. ABRAMS 
Stable Isotope Laboratory, Children's Nutrition Research Center 
1 100 Bates Street, Houston, Texas 77030 USA 

Summary 

This report describes the activities of the Stable isotope Laboratory in its 
function as a core resource facility for stable isotope applications in human 
nutrition research. Three aspects are covered: training of visitors, 
assessment of new instrumentation, and development of new methodology. 
The research achievements of the laboratory are indicated in the publications 
that appeared during this period. 

1 . TECHNICAL TRAINING ACTIVITIES 

The Stable Isotope Laboratory has attracted the interest of scientists from many 
laboratories in the United States and abroad because of the diversity of its instrumentation, 
the isotope technologies used, and the variety of human investigative protocols generated. 
The Laboratory is emerging as a leading centre for advanced training in stable isotopes. 

In addition to fulfilling the programmatic research needs of the Children's Nutrition 
Research Centre, the Stable Isotope Laboratory accepts a limited number of candidates for 
specialized training under specific conditions. The requirements are: 

(a) institutional, grant, or agency support for the candidate's travel and living 
expenses, 

(b) selection of a single area of training, 

(c) a time commitment of at least three months, although a 6- to 1 2-month 
commitment is preferred, and 

(d) the intention to apply the techniques learned upon return to the country of 
origin, i.e., the appropriate instrumentation wil l be available and accessible. 

1 .1 . Individuals who have completed their specialized training during this period 
include: 

Dr. Janet Dawson, Department of Animal Nutrition, University of 
Nottingham, Nottingham, U.K. Dr. Dawson is investigating the effect of growth hormone 
in cattle on protein synthesis and fatty acid utilization. 
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Dr. Peter Krumbiegel, Isotope and Radiation Institute, Leipzig, Germany. 
Dr. Krumbiegel received an orientation on recent developments in isotope ratio 
measurements and stable isotope applications. 

Dr. Preeya Leelahagul, Faculty of Medicine, Ramathibodi Hospital, Mahidol 
University, Bangkok, Thailand. Dr. Leelahagul was an IAEA fellow for six months learning 
gas chromatographic-mass spectrometric techniques for measurement of protein turnover. 

Dr. Bernhard Lembke, Division of Gastroenterology, Johann-Wolfgang 
Goethe University, Frankfurt, Germany. Dr. Lembke received training in breath test 
protocols and gas-isotope-ratio mass spectrometry. 

Dr. Frans Stellaard, Department of Paediatrics, University of Groningen, 
Groningen, The Netherlands. Dr. Stellaard initiated studies of acetate metabolism and 
cholesterol synthesis in vivo using gas chromatography/combustion gas-isotope-ratio mass 
spectrometry. 

Dr. Michael Verfurth, Department of Paediatrics, University of Munich, 
Munich, Germany. Dr. Verfurth developed a clinical protocol to measure peptide 
absorption from the small intestine using uniformly 1 3C-labelled algal proteins. 

1 .2. Individuals currently in training and those who have arranged for future 
training include: 

Dr. Monica Culea, Institute of Isotopic and Molecular Technology, Cluj 
Napoca, Romania. Dr. Culea is a current IAEA fellow developing protocols on serine and 
glycine interconversion in preterm infants. She is using gas chromatography-mass 
spectrometry. 

Ms. Jane Murphy, Department of Nutrition, University of Southampton, 
Southampton, U.K. Ms. Murphy is expected to begin training in gas-isotope-ratio mass 
spectrometry and combustion analysis of labelled materials later this year. 

2. TECHNOLOGICAL INSTRUMENT AND METHOD DEVELOPMENTS 

We have published a number of articles which provide additional technological 
information on instruments and methods related to stable isotope applications. Included 
are: 

A comparison of two elemental analyzer-gas-isotope-ratio mass spectrometer 
systems in the simultaneous measurement of 1 3 C/ ' 2 C ratios and carbon content in organic 
samples [22] . 

Rapid preparation of pyrogen-free 2 H 2

1 8 0 for human nutrition studies [20] . 

A new zinc product for the reduction of water in physiological fluids to hydrogen 
gas for 2 H/ 1 H isotope ratios [23] . 
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Isotopic determination of organic keto acid pentafluorylbenzyl esters in biological 
fluids by negative chemical ionization gas chromatography- mass spectrometry [13] . 

Measurement of in vivo cholesterol synthesis from 2 H 2 0 : a rapid procedure for the 
isolation, combustion, and isotopic assay of erythrocyte cholesterol [19] . 

Uniformly 1 3C-labelled algal protein used to determine amino acid essentiality in vivo 
[11] . 

VLDL apolipoprotein B-100, a potential indicator of the isotopic labelling of the 
hepatic protein synthetic precursor pool in humans: studies using multiple stable 
isotopically labelled amino acids [17]. 

In addition, a report of the Interlaboratory Analysis of Reference Water Samples 
Enriched wi th Deuterium and Oxygen-18, carried out through the IAEA has been submitted 
for publication. 

3. REFERENCES AND ANNOTATIONS 

[1 ] BOUTTON, T.W., TYRRELL, H.F., PATTERSON, B.W., VARGA, G.A., KLEIN, P.D., 
Carbon kinetics of milk formation in Holstein cows in late lactation, J . Anim. Sei. 
66 (1988) 2636-45. 

Carbon transfer to milk in Holstein cows in late lactation was measured by 
introducing changes in the natural stable carbon isotope composition of the feed. 
Six Holstein cows in mid-lactation were placed on a diet naturally low in 1 3 C(-25.0 
vs Pee Dee belemnite [PDB] an international carbon isotope standard), based on 
alfalfa/barley, and six others were placed on a diet naturally enriched in 1 3 C {-11.5 
vs PDB), based on corn. After a 7-wk equilibration period on these diets, three 
cows were switched from alfalfa/barley to corn, and three were switched from corn 
to alfalfa/barley. The three other cows in each group served as controls. 1 3 C/ 1 2 C 
ratios were measured in daily morning milk samples during the week before and for 
6 w k after the changes in diet. After the diets had been switched, milk isotope 
ratios rapidly approached the isotopic composition of the new diet, indicating rapid 
transfer of dietary carbon into milk. The data were consistent wi th a model 
whereby milk was synthesized from a single precursor pool that responded rapidly 
to dietary perturbation. The milk precursor pool had a half-life of approximately 0.9 
d and had a mass of approximately 7 kg of carbon, which was renewed daily by the 
entry of 5 kg of digestible dietary carbon. 

[2] BUTTE, N.F., WONG, W.W., PATTERSON, B.W., GARZA C , KLEIN, P.D., Human 
milk intake measured by administration of deuterium oxide to the mother: a 
comparison with test-weighing, Am. J. Clin. Nutr. 47 (1988) 8 1 5 - 2 1 . 

A comparison was made between the dose-to-the-mother deuterium-dilution 
method and the conventional test-weighing technique for determining human milk 
intake in five exclusively breast-fed infants and in four breast-fed infants who 
received supplemental foods. After administration of 2 H to the mothers, human 
milk and infant urine were sampled over 14 d and analyzed for 2 H: 1 H ratios by 
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gas-isotope-ratio mass spectrometry. Infant total body water was determined by 
1 8 0 dilution. The test-weighing procedure was conducted for 5 d consecutively. 
The intake of human milk (mean±SD) estimated by 2 H dilution was 648 ± 8 4 g/d. 
The mean difference between the two methods was not significantly different from 
0 . The 2H-dilution and test-weighing techniques provide similar estimates of 
human-milk intake. 

[3] IRVING, C S . , MALPHUS, E.W., THOMAS, R.M., MARKS, L , KLEIN, P.D., Infused 
and ingested labelled lysines: appearance in human-milk proteins, Am. J . Clin. Nutr. 
47 (1988) 49-52. 

Incorporation of two labelled forms of lysine into human-milk proteins was studied 
in fasted lactating subjects to determine whether highly labelled proteins could be 
produced for subsequent nutritional studies and whether the kinetics of milk 
synthesis could be studied in humans with stable isotope techniques. Five 
subjects, maintained on formula diets, received L-[ 1 3C,]lysine (27 /ymol/kg) as an 
oral bolus 4 h postprandial^. Milk samples were collected at 30 , 45, 90 , 1 50, 
240, and 360 min. Tracer lysine levels in the hydrolysate of unfractionated milk 
protein were determined by gas chromatography-mass spectrometry isotope 
ratiometry. After a delay of at least 45 min, significant labelling of milk protein was 
detected and reached a maximum at 150 min wi th cumulative percent dose 
recovery over 6 h of 0 .5%. Human-milk proteins can be labelled for nutritional 
investigations and in vivo kinetics of milk protein synthesis can be studied wi th 
stable isotope techniques. 

[4] WONG, W.W., COCHRAN, W.J. , KLISH, W.J. , SMITH, E.O., LEE, L.S., FIOROTTO, 
M.L., KLEIN, P.D., Body fat in normal adults estimated by isotope dilution of 
oxygen-18 and deuterium and by anthropometry: a comparison, Eur. J . Clin. Nutr. 
42 (1988) 233-42. 

We estimated body fat in 20 normal adults (10 males and 10 females) from 1 8 0 -
and 2H-dilution spaces and from the equations of Durnin and Womersley, and 
Pollock, Schmidt and Jackson based on skinfold thickness measurements. 
Differences between methods for body fat estimation were found to be 
sex-dependent: subsequent analysis indicated significant differences between 
methods within each sex. Regardless of sex, the highest fat estimates were 
obtained with the 1 8 0-di lut ion method, followed by those obtained wi th the 
2H-dilution method or the Durnin and Womersley equation. The lowest fat 
estimates were obtained using the Pollock, Schmidt, and Jackson equation. The 
1 8 0-di lut ion method and the Durnin and Womersley anthropometric method are both 
suitable and appropriated for body fat estimation in adults studied under field 
conditions. 

[5] WONG, W.W., COCHRAN, W.J. , KLISH W.J. , SMITH, E.O., LEE, L.S., KLEIN, P.D., 
In vivo isotope fractionation factors and the measurement of deuterium- and 1 8 0 -
dilution spaces from plasma, urine, saliva, and respiratory water vapour, and carbon 
dioxide, Am. J. Clin. Nutr. 47 (1988) 1-6. 

In vivo isotope-fractionation factors were determined for hydrogen and oxygen 
between plasma water samples and samples of urine, saliva, respiratory water 
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vapour, and carbon dioxide in 20 normal adults. The isotope-fractionation factors 
ranged from 0.944 to 1.039 for 2H in breath water vapour and for i a O in breath 
C 0 2 , respectively. When corrected for isotope fractionation, the 2 H - and 
1 8 0-di lut ion spaces determined from urine, saliva, respiratory water, and C 0 2 were 
within - 0 . 1 0 + 1 . 0 9 kg (mean±SD, n = 60) and 0 . 0 4 ± 0 . 6 8 kg (n = 80), 
respectively, of the values determined from plasma. In the absence of these 
corrections, we observed a 6% overestimation of 2H-dilution space and a 1 % 
overestimation of i a 0-d i lu t ion space from the use of respiratory water values. A 
4 % underestimation of the 1 80-di lut ion space was observed for breath C 0 2 without 
correction for isotope fractionation. 

[6] MOTIL, K.J., MONTANDON, C M . , HACHEY, D.L., BOUTTON, T.W., KLEIN, P.D., 
Whole body protein metabolism in lactating and nonlactating women, J . Appl. 
Physiol. 66(1) (1989) 370-6 . 

The adaptive responses of body protein metabolism to lactation were characterized 
in women at 1 , 5, and 12 mo postpartum and in nulliparous controls during a 
controlled diet of measured protein and energy intakes by nitrogen balance, a 
constant infusion of [ 1 3C]bicarbonate, and a primed constant infusion of [ 1 -
1 3C]leucine and [a- 1 5N]lysine. Dietary energy intakes in the lactating women were 
2 7 % greater than those in the nulliparous controls. Despite these differences, 
lactating women had significantly lower nitrogen balances compared wi th the 
nonlactating women ( 4 .0 + 37.8 vs + 4 4 . 7 ± 3 0 . 8 mg-kg'^day' 1). No significant 
differences in amino acid flux, oxidation, or incorporation into protein were detected 
during fasting conditions in the two groups of women. However, significantly 
positive associations were noted between dietary intakes and the variables of 
protein metabolism in the lactating women. A more complete understanding of the 
mechanisms that regulate the disposition of dietary nutrients into maternal body 
stores or milk production wil l enhance the determination of nutrient requirements 
in lactating women. 

[7] WONG, W.W., SHENG, H-P., MORKEBERG, J.C., KOSANOVICH, J.L., CLARK, L.L., 
KLEIN, P.D., Measurement of extracellular water volume by bromide ion 
chromatography, Am. J . Clin. Nutr. 50 (1989) 1290-4. 

Extracellular body water can be determined from plasma bromide dilution. Plasma 
Br is separated from other anions by ion chromatography and is detected at an 
ultraviolet wavelength of 210 nm, Plasma proteins are removed by ultrafiltration, 
and interference by plasma chloride is minimized by dilution and the use of 5 mmol 
NaCI/L as the eluent. Human plasma samples were spiked with known quantities 
of Br (between 37.54 and 125.14 /vmol/L) and were measured by ion 
chromatography. The results were reproducible to within 0.72 //mol/L (SD) and 
differed from the gravimetric values by - 1 . 8 8 ± 4 . 2 7 /;mol/L (mean±SD). The 
difference, however, was not significantly different from 0 (p = 0.19). Extracellular 
water volumes of 10 newborn minipigs measured by Br dilution by using the 
chromatographic technique (400 ± 63 mL/kg) were comparable wi th literature 
values reported for premature infants. 

141 



[8] BUTTE, N.F., WONG, W.W., FERLIC, L., SMITH, E.O., KLEIN, P.D., GARZA, C , 
Energy expenditure and deposition of breast-fed and formula-fed infants during early 
infancy, Pediatr. Res. 28 (1990) 631-40. 

The energy intake, expenditure, and deposition of 40 breast-fed and formula-fed 
infants were investigated at 1 and 4 mo of age to explore possible differences in 
energy utilization between feeding groups. Energy intake was calculated from 5-d 
test-weighing records or pre- and post-weighing of formula bottles, in combination 
with bomb calorimetry of the milks. Total daily energy expenditure (TDEE) was 
determined by the doubly labelled water method. Sleeping metabolic rate (SMR) 
and minimal observable energy expenditure were measured by indirect calorimetry. 
Activity was estimated as the difference between TDEE and SMR. Energy 
deposition was estimated from dietary intake and TDEE. Energy intakes were 
significantly higher for the formula-fed than breast-fed infants at 1 mo ( 1 1 8 ± 17 
vs 101 ± 1 6 kcal/kg/d) and 4 mo (87 ± 11 vs 7 2 ± 9 kcal/kg/d) (p<0.001) . TDEE 
averaged 67 ± 8 and 64 ± 7 kcal/kg/d at 1 mo and 73 ± 9 and 64 ± 8 kcal/kg/d at 4 
mo for the formula-fed and breast-fed infants, respectively, and differed between 
feeding groups (p < 0.005). The energy available for activity and the thermic effect 
of feeding did not differ between feeding groups. Rates of weight gain (g/d) and 
energy deposition (kcal/kg/d) tended to be greater among the formula-fed infants 
at 1 and 4 mo (p<0.06) . Differences in weight gain, energy deposition, SMR, 
minimal observable energy expenditure, and TDEE partially accounted for the 
discrepancy in energy intake observed between breast-fed and formula-fed infants. 
The response to the varying levels of energy intake in infancy appear to be 
mediated through growth and basal-energy-requiring processes, but not through 
physical activity. 

[9] MURRAY, R.D., BOUTTON, T.W., KLEIN, P.D., GILBERT, M., PAULE, C.L., 
MACLEAN, W.C. Jr., Comparative absorption of 1 3C-glucose and 1 3C-lactose by 
premature infants, Am. J . Clin. Nutr. 51 (1990) 59-66. 

Oxidation of orally administered [ 1 3 C] glucose and [ 1 3C]lactose and faecal recovery 
of malabsorbed substrates were determined in two groups of premature infants. 
Eighteen studies were performed wi th six infants at Johns Hopkins Hospital (JHH); 
24 studies were performed with nine infants at Columbus Children's Hospital 
(CCH). The t w o groups differed in that JHH infants had shorter gestations but 
were older when studied. Faecal 1 3 C loss after ( 1 3C]glucose administration did not 
differ between the two groups. Compared wi th glucose, the metabolism of lactose 
appeared to involve more malabsorption and colonic fermentation in JHH infants 
than in CCH infants and resulted in higher faecal losses of substrate carbon. 
Maturation appeared to involve increased proximal intestinal absorption and greater 
retention of absorbed carbohydrate. Simultaneous absorption of substrate from the 
small and large intestine may limit the usefulness of breath tests for 1 3 C in the 
premature infant. 

[10] WONG, W.W., BUTTE, N.F., GARZA, C , KLEIN, P.D., Comparison of energy 
expenditure estimated in healthy infants using the doubly labelled water and energy 
balance methods, Eur. J. Clin. Nutr. 4 4 (1990) 175-84. 
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The doubly labelled water method was used to estimate energy expenditure in 20 
formula fed infants (10 aged 1 month and 10 aged 4 months). We then compared 
the energy expenditure values with energy balance values calculated from energy 
intake and energy cost of growth. Our purpose was to compare various published 
equations for calculating C 0 2 expiration rates (and thus energy expenditure values) 
from the isotopic data. Those equations in which we used measured values for 1 S 0 
and 2 H isotope dilution spaces and estimated or measured values for insensible 
water losses yielded energy expenditure values (69.7 ± 8 . 4 kcal/kg/d) that agreed 
most closely wi th energy balance data (70.3 ±11 .9 kcal/kg/d). Equations in which 
we used a constant ratio of 1.03 between the 2 H and 1 8 0 isotope dilution spaces 
resulted in energy expenditure values (66.3 ± 1 0 . 3 kcal/kg/d) lower than those 
predicted by the energy balance data. Data analysis by nonlinear curve f i t t ing 
compared to logarithmic transformation did not alter the estimates of energy 
expenditure obtained in these infants. 

[11] BERTHOLD, H.K., HACHEY, D.L., REEDS, P.J., THOMAS, O.P., HOEKSEMA, S., 
KLEIN, P.D., Uniformly 1 3C-labelled algal protein used to determine amino acid 
essentiality in vivo, Proc. Natl. Acad. Sei. USA 88 (1991) 8091-5. 

The edible alga Spirulina platensis was uniformly labelled w i th 1 3 C by growth in 
atmosphere of pure 1 3 C 0 2 . The labelling biomass was then incorporated into the 
diet of a laying hen for 27 days. The isotopic enrichment of individual amino acids 
in egg white and yolk proteins, as well as in various tissues of the hen at the end 
of the feeding period, was analyzed by negative chemical ionization gas 
chromatography/mass spectrometry. The amino acids of successive eggs showed 
one of t w o exclusive enrichment patterns: complete preservation of the intact 
carbon skeleton or extensive degradation and resynthesis. The same observation 
was made in tissue proteins. These patterns were cleanly divided according to 
known nutritional amino acid essentiality/nonessentiality but revealed differences 
in labelling acids: most notable was that proline accretion was derived entirely 
from the diet. Feeding uniformly 13C-labelled algal protein and recovering and 
analyzing de novo-synthesized protein provides a useful method to examine amino 
acid metabolism and determine conditional amino acid essentiality in vivo. 

[12] BUTTE, N.F., WONG, W.W., KLEIN, P.D., GARZA, C , Measurement of milk intake: 
tracer-to-infant deuterium dilution method, Br. J . Nutr. 65 (1991) 3-14. 

The tracer-to-infant deuterium dilution method for the measurement of milk intake 
was evaluated in twenty breast-fed and twenty formula-fed infants. The isotope 
method was compared wi th conventional direct-weighing techniques. Human milk 
intake was assessed by 5 d test-weighing. Intakes of formula, supplemental foods, 
and water were determined by pre- and post-weighing of feeding bottles. An oral 
dose of 200 mg 2 H 2 0 / k g body-weight was given to each infant, and urine was 
sampled daily for 14 d. 2 H enrichment of the urine was measured by gas-isotope-
ratio mass spectrometry. Milk intakes estimated from the deuterium dilution 
method were consistently higher than those from direct-weighing; the mean 
difference between methods was 106 (SD 47)g/d or 14% for the breast-fed group 
and 70(SD 155) g/d or 8% for the formula-fed group. Estimates of intake for some 
infants varied substantially between the two methods of measurement. When the 
estimated values of human milk intake were corrected for environmental water 
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influx and insensible water loss during breastfeeding, the relative bias decreased to 
5%. Correction of the estimated values of formula intake for environmental water 
influx decreased the relative bias to 1-2%. The acceptability of the deuterium 
dilution method to determine milk intake depends on the goals and the tolerance for 
error in group and individual intake estimates of a given study. 

[13] HACHEY, D.L., PATTERSON, B.W., REEDS, P.J., Isotopic determination of organic 
keto acid pentafluorobenzyl esters in biological fluid by negative chemical ionization 
gas chromatography/mass spectrometry, Anal. Chem. 63 (1991) 919. 

A rapid, single-step procedure for the extraction and derivatization of organic a-keto 
acids from microlitre quantities of human plasma has been developed. The keto 
acids were analyzed as the pentafluorobenzyl (PFB) ester by methane negative 
chemical ionization gas chromatography/mass spectrometry. The PFB esters 
possess excellent chromatographic properties and required no further derivation to 
block the keto group. They fragment to produce intense carboxylate anions, often 
as the sole ion in the spectrum, and offer detection limits below 1 pmol. This 
derivative is suitable for isotopic analysis of organic keto acids because it does not 
introduce any additional isotopic complexity into the target molecule. Normal 
human plasma 4-methyl-2-oxopentanoic acid levels were 34.9 ± 5.3 /ymol-L'1 and 
could be determined wi th 1 .1% precision by isotope dilution GC/MS. We have 
used this procedure to study leucine and 4-methyl-2-oxopentanoic acid metabolism 
by using stable isotopically labelled tracers in a variety of normal and abnormal 
conditions. 

[14] KLEIN, P.D., GASTROINTESTINAL PHYSIOLOGY WORKING GROUP, 
GRAHAM, D.Y., GAILLOUR, A., OPEKUN, A.R., SMITH, E.O., Water source as risk 
factor for Helicobacter pylori infection in Peruvian children, Lancet 337 (1991) 
1503-1506. 

Helicobacter pylori infection is widespread among Peruvian adults by age 30, but 
the age at which children become infected, the prevalence of disease, and the role 
of socioeconomic status in the epidemiology of infection are not known. We used 
the 1 3C-urea breath test to study the prevalence of infection in 407 Peruvian 
children from Lima, aged 2 months to 1 2 years, from families of low and high 
socioeconomic status. Peruvian children acquire H pylori early in life and the 
number of infected individuals increases rapidly wi th age; overall prevalence was 
4 8 % . H pylori infection was independent of sex, but was highly correlated with 
socioeconomic status; prevalence of infection was higher among children from low-
income families than from high-income families (56% vs 3 2 % , p = 0.001). Children 
whose homes had external water sources were three times more likely to be 
infected than were those whose homes had internal water sources. Among 
families wi th internal water sources, there was no difference in H pylori infection 
associated wi th income. Children from high-income families whose homes were 
supplied wi th municipal water were 1 2 times more likely to be infected than were 
those from high-income families whose water supply came from community wells. 
The findings show that the prevalence of H pylori infection is high among young 
Peruvian children and that the municipal water supply seems to be an important 
source of infection among Lima children from families of both low and high 
socioeconomic status. 
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[15] LIFSCHITZ, C H . , TORUN, B., CHEW, F., BOUTTON, T.W., GARZA, C , KLEIN, 
P.D., Absorption of carbon 1 3C-rice in milk by infants during acute gastroenteritis, 
J . Pediatr. 118 (1991) 526-30. 

To determine whether rice cereal could be used to complement a cow milk-based 
diet in the nutritional management of infants wi th acute diarrhoea, we assessed its 
digestion and absorption in 8 affected male infants, 69 to 131 d old. They received 
cow milk formula wi th 5.4% lactose (diluted 1:1 w i th water and precooked rice 
cereal) 5 to 22 h after admission and rehydration. The first feeding consisted of 
milk diluted wi th 1 3C-enriched rice cereal. A 48-h faecal collection and balance 
study was performed. Rice cereal was reasonably wel l absorbed (84 .0% to 
95.8%) by 7 of the 8 infants. The study was repeated in 7 of the infants after 
they had recovered. Our results indicate that rice cereal is well absorbed by young 
infants wi th a acute diarrhoea and that it is an adequate nutrient supplement for 
this patient population. 

[16] MALATY, H.M., GRAHAM, D.Y., KLEIN, P.D., EVANS, D.G., ADAM, E., EVANS, 
D.J., Transmission of Helicobacter pylori infection. Studies in families of healthy 
individuals, Scand. J . Gastroenterol. 26 (1991) 927-932. 

Helicobacter pylori is accepted as the commonest cause of type-B gastritis. 
Detailed information about the mode of transmission remains scanty. We 
investigated the frequency of H. pylori infection within families, defined as 
consisting of a husband and wife wi th at least one biologic child, all living in the 
same household. Inclusion criteria required that both the parents and the children 
had been born in the United States, had used no antibiotic or bismuth for the 
previous 2 months, had no recent major illness or surgical operation, and had no 
symptoms referable to the upper gastrointestinal tract. H. pylori infection was 
identified w i th a 1 3C-urea breath test and an enzyme-linked immunosorbent assay 
for anti-M pylori IgG. Forty-one families (151 healthy individuals) were enroled. 
Before the results of the H. pylori tests were known, one parent was selected as 
the index subject. H. pylori infection clustered; that is, 6 8 % of spouses of H. py/ori-
infected index subjects were also H. pylori-miected, compared wi th 9% of spouses 
of H. py/oA/-negative index subjects (p < 0.0001). The children of infected index 
parents were also more likely to be infected than children of uninfected index 
parents—40% versus 3%, respectively (p < 0.0001)—and the results in the 
children were independent of whether the father or the mother was the index 
subject. Clustering of H. pylori infection within families suggests person-to-person 
transmission or common source exposure. The high frequency of H. pylori infection 
in spouses suggests that genetic factors are less important than living conditions 
of transmissions of H. pylori infection. 

[17] PATTERSON, B.W., HACHEY, D.L., COOK, G.L., AMANN, J.M. , KLEIN, P.D., 
Incorporation of a stable isotopically labelled amino acid into multiple human 
apolipoproteins, J . Lipid Res. 32 (1991) 1063-72. 

Procedures are presented for the separation and determination of the isotopic 
enrichment of multiple human apolipoproteins labelled in vivo w i th a stable isotope 
amino acid. The isotopic enrichments of plasma lysine and plasma apolipoproteins 
were monitored for 16 days after a single intravenous dose of [4,4,5,5- 2H 4 ] lysine 
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(5 mg/kg body weight). The use of a multiply deuterated amino acid enabled the 
measurement of isotopic enrichments above background over the entire 16-day 
time course in all proteins. Individual apolipoproteins were separated on a specially 
designed gradient sodium dodecyl sulphate Polyacrylamide gel electrophoresis 
system cast in a conventional slab gel apparatus which resolved apoB-100, apoE, 
apoA-l, apoA-ll, apoC-l, apoC-ll, apoC-lll-1 and apoC-lll-2 on a single gel. After 
staining wi th Coomassie blue, proteins bands (containing 5 to 30 fjg of individual 
apolipoprotein) were excised from the gel. Amino acids were recovered from 
hydrolysed gel slices, derivatised, and analyzed by gas chromatography/mass 
spectrometry for determination of lysine isotopic enrichments. The utility of the 
method is demonstrated using examples of apolipoproteins B-100, A- l , A- l l , C-l, 
C-ll, and C-lll f rom either total plasma o'<1.21 g/ml lipoproteins or selected 
lipoprotein subfractions. Lysine isotopic enrichments of proteins were generally 
determined wi th a precision of better than 5%. The isotopic enrichment profiles 
were consistent w i th literature reports of apolipoprotein metabolic kinetics based 
on the use of radioiodinated apolipoproteins. The procedures outlined can be used 
to separate and measure the isotooic enrichment of virtually any apolipoprotein 
from any chosen lipoprotein fraction. Thus, these procedures should find wide 
application in the study of apolipoprotein metabolic kinetics. 

[18] THOMAS, M.R., IRVING, C.S., REEDS, P.J., MALPHUS, E.W., WONG, W.W., 
BOUTTON, T.W., KLEIN, P.D., Lysine and protein metabolism in the young lactating 
women, Eur. J . Clin. Nutr. 45 (1991) 227-242. 

Five lactating and five postpartum nonlactating women of similar ages, times 
postpartum, body weight and height consumed a liquid formula diet that supplied 
1.3 g protein and 32 kcal/kg per day (lactating subjects) and 1.1 g protein and 
26 kcal/kg per day (nonlactating subjects). Their last meal supplied 2 5 % of the 
daily intake and was consumed 4 h before they received L-[ 1 3Ci ] lysine (27/ymol/kg) 
by a single intravenous injection and L-[ 1 5N 2]lysine (27/ymol/kg) orally. Frequent 
plasma and breath samples were collected for 6 h during which time they 
consumed no food. On a separate day, subjects received NaH 1 3 C0 3 (10 ¿umol/kg) 
as a single intravenous dose and breath samples were collected for 6 h. Plasma 
tracer lysine levels were determined by gas chromatography-mass spectrometry 
isotope ratiometry, and breath 1 3 C 0 2 levels were measured by gas-isotope-ratio 
mass spectrometry. Averaged tracer data for the two groups were fitted to a 
multicompartmental model of lysine and protein metabolism which partitioned lysine 
kinetics between a central and two tissue compartments. The tissue compartments 
had characteristically fast and slow rates of lysine turnover. The results were 
compared with those previously obtained in nulliparous women. The postpartum 
state was associated wi th a reduction in protein turnover in a compartment wi th 
a rapid rate of protein turnover and postpartum women catabolized significantly less 
lysine than nulliparous controls. Lactating women catabolized slightly more lysine 
than the nonlactating postpartum subjects, especially when lysine catabolism was 
expressed as a proportion of lysine flux. Lactation was associated wi th smaller 
splanchnic and extracellular pools of free lysine and with an increase in the rate 
constant for absorption of orally-administered lysine. Lysine flux was significantly 
lower in the lactating subjects and this was associated wi th a decrease in the rate 
of lysine turnover in the slowly turning over lysine compartment. The results 
suggest that lactation is associated wi th a slower rate of protein turnover in a 
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peripheral tissue compartment. We conclude that an in take of 1.3 g protein/kg per 
day may be inadequate to support the protein needs of lactation and body protein 
metabolism and may result in metabolic adaptations that maintain lactation at the 
potential expense of other aspects of maternal protein turnover. 

[19] WONG, W.W., HACHEY, D.L., FESTE, A., LEGGITT, J . , CLARKE, L.L., POND, 
W.G., KLEIN, P.D., Measurement of in vivo cholesterol synthesis from 2 H 2 0 : a rapid 
procedure for the isolation, combustion, and isotopic assay of erythrocyte 
cholesterol, J . Lipid Res. 32 (1991) 1049-1056. 

A rapid preparative scale purification of erythrocyte free cholesterol has been 
developed for measurements of in vivo cholesterol synthesis from 2 H 2 0 . The 
quantity and purity of cholesterol obtained is suitable for combustion, zinc reduction 
of the water formed, and determination of deuterium isotopic content by gas 
isotope ratio mass spectrometry. The ability to detect and to quantitate a range of 
cholesterol synthesis rates is illustrated by measurements on young pigs receiving 
diets without and wi th added dietary cholesterol. 

[20] WONG, W.W., LEGGITT, J.L., CLARKE, L.L., KLEIN, P.D., Rapid preparation of 
pyrogen-free 2 H 2

1 8 0 for human nutrition studies, Am. J . Clin. Nutr. 53 (1991) 585-
6. 

We described a compact ultrafiltration system for the removal of pyrogens and 
bacteria from water labelled with the stable isotopes of deuterium and oxygen-18. 
The ultrafiltration system is constructed from readily available commercial 
components and can achieve complete removal of pyrogens and bacteria from 1 L 
contaminated water within 30 min. By use of our procedure loss of the isotopically 
labelled water by retention in the filtration system was minimal. The purified water 
is suitable for both oral and intravenous administration to healthy human subjects 
participating in nutrition studies. 

[21] REEDS, P.J., HACHEY, D.L., PATTERSON, B.W., MOTIL, K.J., KLEIN, P.J., 
VLDL-Apolipoprotein B-100, a potential indicator of the isotopic labelling of the 
hepatic protein synthetic precursor pool in humans: studies wi th multiple stable 
isotopically labelled amino acids, J. Nutr. 122 (1992) 457-66. 

Four adult men received a 48-h constant intravenous infusion of [ 2H 4] lysine, 
[ 2H 3] leucine, L-[ring- 1 3C 6]phenylalanine, and L-[1,2,3,- 1 3C 3]alanine. Subjects 
ingested hourly meals for two 12-h periods, separated by two 12-h fasting periods. 
The isotopic enrichments of free amino acids in venous plasma and in 
VLDL-apolipoprotein B-100 (apoB)-bound amino acids, plasma a-keto isocaproic 
acid a-KIC) and plasma pyruvic acid (PYR) were measured by negative chemical 
ionization gas chromatography-mass spectrometry. By 7 h of infusions, all four 
amino acids achieved an equilibrium isotopic enrichment (EIE) in plasma and in 
apoB. In the fed state, the EIE of the amino acids in apoB was lower than that in 
plasma free amino acids. The ratio EIE-apoB:EIE-plasma differed significantly 
among amino acids in the fed state (alanine 0.30; lysine 0 .64; leucine the 
EIE-apoB:EIE-plasma ratio rose significantly compared with the fed state (alanine 
0.38; lysine 0 .73; leucine 0.94; phenylalanine 1.05). Plasma PYR and apoB-alanine 
were in isotopic equilibrium irrespective of nutritional state. The 
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EIE-apoB-leucine:EIE-plasma-a-KIC ratio rose from 0.75 in the fed state to near 1 
in the postabsorptive state. We conclude that the contribution of systemic amino 
acids to apoB-100 synthesis is sensitive to nutritional state, and that systemic 
essential amino acids seem to be preferentially incorporated into apoB. 

[22] WONG, W.W., CLARKE, L.L., JOHNSON, G.A., LLAURADOR, M., KLEIN, P.D., 
Comparisonoftwoelemental-analyzergas-isotope-ratiomassspectrometer systems 
in the simultaneous measurement of 1 3 C/ 1 2 C isotope ratios and carbon content in 
organic samples, Anal. Chem. 64 (1992) 354-8. 

Two commercial elemental-analyzer gas-isotope-ratio mass spectrometer systems 
(Finnigan Heraeus-Delta E and VG Carlo Erba-PRISM) were evaluated for their ability 
to analyze , 3 C / ' 2 C isotope ratios (ó" P D B

1 3C, -30.71-1433.67 ) and carbon content 
(36-100%) in a variety of organic samples (isotope standards, chemical standards, 
agricultural products, and physiological fluids). On average, the VG system 
produced better agreements wi th the accepted values than did the Finnigan system. 
Significant memory effects were observed in the Finnigan system but were 
negligible in the VG instrument. The minimal sample size necessary to produce 
acceptable ó"P D B

1 3C values was 0.05 mg of C in the Finnigan system and 0.03 mg 
of C in the VG system. Liquid nitrogen consumption by the Finnigan instrument 
was 4 times greater than that by the VG system. In our hands, the VG system is 
superior to the Finnigan system for carbon isotope ratio and content measurement. 

[23] WONG, W.W., CLARKE, L.L., LLAURADOR, M., KLEIN, P.D., A new zinc product 
for the reduction of water in physiological fluids to hydrogen gas for 2 H/ 1 H isotope 
ratio measurements, Eur. J . Clin. Nutr. 46 (1991) 6 9 - 7 1 . 

When deuterium oxide ( 2 H 2 0) is used for studies of body composition, energy 
expenditure, milk volume production, and lipid metabolism, measurements of 2 H 
enrichments in physiological fluids, e.g., urine, plasma, saliva or breastmilk must 
be accurate and precise. Measurements of 2 H abundances by gas-isotope-ratio 
mass spectrometry require that the water in physiological fluids be converted to 
hydrogen gas. The only zinc reagent that performed well in this method (AnalaR® 
zinc) has come from a single source, British Drug House Hopkins and Williams, who 
no longer produce AnalaR® zinc. We compared the hydrogen-isotope-ratio 
measurements in samples of 7 international water standards and 4 physiological 
fluids made using a new zinc reagent from the Biogeochemical Laboratory at 
Indiana University wi th measurements made using AnalaR zinc shot, the previous 
standard. Our results indicate that accurate and precise 2 H/ 1 H ratio measurements 
are obtained wi th the new zinc reagent prepared by the Biogeochemical Laboratory 
at Indiana University. 
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