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Abstract 

Protein utilization during feeding is difficult to assess by classical tracer 
methodology, particularly under field conditions. We propose a new 
approach using the measurement of tracer recovery (expired 13COJ after the 
ingestion of a single oral dose of a 13C-leucine labelled milk protein. Protein 
will be obtained by infusing a cow with 13C-leucine. The difference between 
the amounts of tracer given and recovered should be an index of protein 
utilization. Since altitude might influence protein absorption, this 
non-invasive method will be used in Bolivian children, living either at 3600 m 
(La Paz) or at sea level. 

1. SCIENTIFIC BACKGROUND 

1.1. Protein metabolism studies during feeding 

Most tracer studies of protein and amino acid (AA) kinetics have been conducted 
in the post absorptive state, although the latter represents only approximately one fourth 
of a nycthemer. The relatively small number of studies in the fed state is due to 
methodological difficulties. Since tracer kinetics are usually calculated at steady state, this 
implies that both an isotopic and substrate plateau is achieved during feeding. Usually, 
this is obtained either by continuous nasogastric enteral infusion over 3 to 5 hours [1,2], 
or by small meals given every 15-30 minutes [3]. In both cases, the steady states 
obtained are sometimes not perfect, and more important such a "meal" might not reflect 
what happens during a "normal" meal for at least two reasons : 

(1) Modifications of AA kinetics are assessed at the end of 3-4 hours of feeding 
and, therefore, do not indicate what is happening during the first hour of 
feeding. For example, in our own studies [1], during continuous 
administration of 15 mg of N/kg«h, plasma AA (including leucine) did 
increase during the first 2 hours, but were back at baseline (or even lower) 
when kinetics measurements were performed, i.e., at 3-4 hours. 

(2) Hormonal changes, and particularly insulin secretion, are quite different 
during a continuous enteral feeding form what they are during a single meal. 
Due to continuous stimulation of cells by administration of carbohydrates, 
plasma insulin increases and usually remains elevated throughout the study 
period, a situation different from the peak and rapid return to baseline of 
insulin secretion observed during a standard meal. 
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Another important problem is which tracer should be used. In a few studies 
[1 , 2, 4], two tracers of the same AA (usually leucine) were simultaneously administered 
orally and intravenously. This allowed calculations of splanchnic extraction by the gut and 
liver, and probably gives a more accurate estimate of the endogenous leucine rate of 
appearance, an index of whole body protein catabolism. However, the most basic principle 
of tracer methodology is that tracer and tracee have the same metabolic behaviour. In the 
absence of a commercially available labelled protein, this rule is not respected when a free 
labelled AA (for example 13C-leucine) is given orally together with an unlabelled protein 
(2, 3]. It is well demonstrated that absorption of free AA can be quite different from 
protein-derived AA, due to the existence of specific transporters for di and tripeptides in 
the enterocytes. In some studies, nitrogen was given as a mixture of free AA [1 , 41. In 
this case, the tracer is actually representative of the tracee, but, again, such alimentary 
diets are unphysiological and sometimes poorly tolerated 

Finally, assessment of protein utilization during feeding is even more difficult under 
field conditions, such as those encountered in developing countries, and more generally 
in children. N balances are time consuming and accurate collection of urines and stools 
and quantification of ingested proteins are extremely difficult. End products methods 
encounter the same problems, although to a lesser degree because of the shorter duration 
of collection needed, and, in addition, have been criticized on a conceptual basis. Finally, 
the above described fed state studies with leucine tracers are impossible to conduct under 
field conditions due to intravenous tracer administration and frequent blood sampling. 

Therefore, in conclusion, current methods of assessment of protein utilization during 
feeding are plagued by conceptual and practical difficulties. In this paper we propose a 
new approach for studying whole body protein metabolism during a single oral meal, using 
a ,3C-leucine labelled protein administered as a single dose. 

1.2. Effect of altitude on protein metabolism 

Malnutrition is a common problem in Bolivian children. It might result from the 
interactive effects of at least four factors which are 

(1) inadequate protein energy intake due to a low socio-economic status; 

(2) chronic and/or frequent acute bacterial infections; 

(3) chronic multiple parasitic infections and 

(4) living at high altitude since La Paz, the capital of Bolivia, is located at 3600 m 
above sea level. 

The first step of the proposed study will be to evaluate the effects of these 
variables independently and the later stage studies would be of the interactions. For 
practical reasons, the first variable to be studied will be the altitude, which is certainly the 
most specific characteristic of Bolivia, by comparison with other developing countries in 
which malnutrition is common. High altitude can interfere with nutrition and growth in 
four ways: 
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(1) reduced total food intake; 

(2) imbalance between an increased energy expenditure and a reduced energy 
intake; 

(3) impaired nutrient absorption and 

(4) loss of muscle mass. 

Before discussing the respective importances of these mechanisms, it should be 
kept in mind that most current data in the literature on high-altitude effects were obtained 
in lowlanders exposed at high altitude for a limited period. 

Anorexia is a common problem in alpinists and during acclimatization to high 
altitude [5, 6]. This problem is unlikely to be of importance in natives of high altitude, and 
actually, food intakes in Bolivian children of high socio-economic status living in La Paz are 
normal or possibly elevated (see below). 

Energy balance is difficult to maintain above 4500 m, which is partly due to in an 
increased resting metabolic rate and partly to lowered energy intake (5]. This imbalance 
does not seem to exist in Bolivian children of high socio-economic status-

Food digestibility might be impaired at high altitude as was reported during a Mount 
Everest expedition [6]. A decreased xylose absorption was also noted in sea level hypoxic 
patients. There is controversy about the altitude at which such problem might occur 
(4000 m ? 6000 m ?) and it is usually considered that the problem is of limited importance 
unless an extreme altitude is reached. However, to our knowledge, this point was never 
considered in children living permanently at high altitude. It is noteworthy that, in recent 
food inquiries in La Paz [7, 8], the mean protein intake of girls of high socio-economic 
status was 93 ± 27 g/day. The girls were 11.3 ± 0.6 years old and were not obese. 
Such a protein intake is quite high ( 3 g/kg/day) which might suggest that a part of this 
intake is not absorbed. 

Finally, a direct effect of hypoxia on protein metabolism and specifically on muscle 
catabolism is possible [9]. A rapid muscle loss is common in alpinists [51. In addition to 
the factors listed above which could contribute to muscle loss, acute hypoxia was also 
shown to reduce leucine turnover and uptake of leucine from the forearm [10], and chronic 
normobaric hypoxia also results in similar changes in protein metabolism [11]. Acute 
hypoxia was shown to decrease protein synthesis in rat tissues in-vitro and in-vivo [12]. 

In summary, possible decreased digestibility and a direct effect of hypoxia on 
protein metabolism will be the variables tested in the following protocol. 

2. METHODS 

2.1. Assessment of protein "utilization" after a single ingestion of protein 

55 



The principle of the new proposed approach is to measure total leucine oxidation 
after a single oral load of a protein of high biological value, the leucines of which are 
labelled with 1 3 C in the first position. 

The metabolic fate of ingested leucine is either incorporation into protein synthesis 
or degradation by irreversible decarboxylation in the C1 position (and production of 1 3 C0 2 ) . 
This principle is the one applied in the classic precursor method. The total amount of 
expired 1 3 C 0 2 will be calculated as the area under the curve of increased V 1 3 C 0 2 over 
baseline during the hours following the meal. Then the difference between the amount of 
tracer given and the amount of tracer recovered should give an indication of the amount 
of the fraction of ingested protein utilized for protein synthesis. 

Among the assumptions and potential problems of this approach are: 

(1) Measurements of 1 3 C 0 2 enrichments and VC0 2 should be obtained for 
calculation of V 1 3 C0 2 . This is feasible under field conditions in Bolivia. A 
classic recovery factor of 0.8 or 0.9 should however be applied to measured 
V ' 3 C 0 2 as in all oxidation studies. 

(2) The most important assumption is the absence of tracer recycling that is a 
complete or almost complete return to baseline of 1 3 C 0 2 enrichment. This 
problem has plagued the studies of glucose oxidation by isotopic methods 
[13]. 4-6 hours after an oral load of 1 4 C or 1 3C labelled glucose or starch, 
labelled C 0 2 is still very high and it is difficult to calculate an oxidation with 
accuracy. It should not be the case with proteins since few proteins 
turnover so fast that they could reintroduce labelled leucine within the 
extracellular pool during the period of measurements. Preliminary data 
suggest that recycling is minimal and that a return to baseline is obtained in 
5-6 hours. 

Synthesis of the 13C-leucine labelled protein will be made by a 24 hours continuous 
intravenous infusion of L-1 -13C-leucine to a lactating cow, collection of milk, separation by 
ultrafiltration and purification of the two main fractions of milk proteins i.e. casein and 
lactoserum. From preliminary data, it appears that a steady state in milk proteins is 
obtained after 6-9 hours of tracer infusion. The needed enrichment in milk proteins 
is 15-20 % (if the enrichment is too low, the amount of ingested milk needed to obtain a 
measurable V C 0 2 will be too high for children). This labelled milk production will be done 
in collaboration with Laboratoire de Technologie Laitiere (J.L. Maubois, Rennes, France). 

Finally the kinetics of V 1 3 C 0 2 can be interpreted in two ways: 

(1) Total area under the curve will represent the amount of oxidized exogenous 
leucine and should be influenced of course by the amount of leucine 
(protein) ingested but also by the previous nutritional status : a low 
oxidation might be expected when protein energy malnutrition is present. 

(2) The shape of V 1 3 C 0 2 kinetic will also be interesting to consider. It is likely 
that in case of gut malabsorption, the appearance of 1 3 C 0 2 will be delayed 
by comparison with normal controls. These two parameters will be 
considered in the protocol exposed below. 
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2.2. Protocol 

Two groups of 10 Bolivian children will be studied, one living at high altitude 
(i.e. La Paz), the other at low altitude. 

The children will be prepubertal and matched for age and sex ratio. They will be 
of high socio-economic status, with no clinical or biological sign of malnutrition (normal 
weight, height, anthropometric measurements, normal plasma albumin and prealbumin 
levels). Absence of infections will be assessed by two consecutive negative stool 
examinations for parasites and by normal orosomucoid and C reactive protein. 

Measurements of leucine oxidation will be performed as follows : 

(1) It will be done after a brief fast (post absorptive state, i.e. at 8 a.m. after 
a normal evening meal.) 

(2) Collection of breath samples in Vacutainers at 7:30 and 7:45 a.m. All 
samples will be taken in duplicate. The child will have to breathe into a 
Douglas bag for 2 minutes, and a gas sample will then be transferred into 
the vacutainers from the bag. 

(3) At 8 a.m., ingestion of 0.5 g/kg of labelled protein dissolved in water. The 
protein will be either lactoserum or casein depending on their respective 
availability. The dose will be accurately weighed. Actually, it will be a 
mixture of labelled protein (1.5 to 2 g of 20 % enriched protein) and of 
unlabelled protein to obtain 0.5 g/kg of total protein. An alternative 
possibility is to give the protein in a mixed meal, provided that starch with 
a low natural 1 3C abundance, such as those derived from potato or beet, is 
used. 

(4) VC0 2 will be measured during 15 min, every 30 min during 3 hours 
(8 a.m. > 11a.m.) and every 60 min during the next 3 hours 
(11 a.m. > 14 a.m.). 

(5) Breath samples will be obtained at the end of each VC0 2 measurement 
(total: 2 baseline + 9 samples) and collected in Vacutainers. 

(6) Vacutainers will be sent to the Human Nutrition Laboratory in France for 
1 3 C0 2 analysis (Microgas + Optima IRMS, VG Instruments). 

This protocol could start in March 1994 (this will depend on the availability of the 
tracer: a new synthesis of tracer is scheduled in December 1993 with the tracer being 
available in February 1994). 

3. RESULTS 

Preliminary results after ingestion of 1 3C labelled protein in adults will be presented 
at the next CRP meeting. 
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4 . PLANS FOR FUTURE WORK 

The effect of multiple parasitic infections in children on protein utilization could 
follow this first protocol. Prevalence of multiple parasitic infection is extremely high in 
Bolivian children living at low altitude (> 90 % in children of low socio economic status 
and 60 % in children of high socioeconomic status) (14]. It is quite possible that t 
could result in an impaired nutrient absorption. 

REFERENCES 

[ I ] BEAUFRERE, B., et a/., A glucocorticoid in pharmacological amounts increases 
leucine oxidation and impairs leucine balance in the post absorptive state and during 
meal absorption, Am. J . Physiol. Endo. Metab. 257 (1989) E712-E721. 

[21 HOERR, R.A.. MATTHEWS. D.E., BIER, D.M., YOUNG. V.R.. Leucine kinetics from 
I2H31 and [13C1 leucine infused simultaneously by gut and vein. Am. J. Physiol. 
Endo. Metab. 260 (1991) E426-E438. 

[3] MOTIL, K.J., et ai. Whole body leucine and lysine metabolism : response to dietary 
protein intake in young men. Am. J. Physiol. Endo. Metab. 240 (1981) E712-E721. 

[4] CORTIELLA, j . , MATTHEWS, D.E., HOERR, R.A., BIER, D.M., YOUNG, V.R., 
Leucine kinetics at graded intakes in young men : quantitative fate of dietary 
leucine 1-3, Am. J . Clin. Nutr. 48 (1988) 998-1009. 

[5] KAYSER, N., Nutrition and high altitude exposure. Int. J. Sports Med. 13 
(1992)S129-S132. 

[6] ROSE, M.S., HOUSTON, C.S., FULCO, C.S.. COATES, G., SUTTON, J.R., 
CYMERMAN. A., Operation Everest II : Nutrition and body composition, J . Appl. 
Physiol. 65 (1988) 2545-2551. 

[7] POST, G.B., LUJAN, C , SAN MIGUEL, J.L., The nutritional intake of Bolivian Indian 
boys. Int. J. Sports Med., 1994 (in press). 

18] Report on European Economic Commission (EEC) project CI 1V507. "Effects of 
nutrition and exercise on physical capacities of children living at high altitude". 

[9) WAGENMAKERS, A.J.M., Amino acid metabolism, muscular fatigue and muscle 
wasting. Speculations on adaptations at high altitude. Int. J. Sports Med. 13 
(1992)S110-S113. 

[10] RENNIE, M.J., eta/.. Effects of acute hypoxia on forearm leucine metabolism. Prog 
Clin. Biol. Res. 136 (1983) 317-323. 

[ I I ] MORRISON, W.L., GIBSON, J.N.A., SCRIMGEOUR, C , RENNIE, M.J., Muscle 
wasting in emphysema, Clin. Sci. 75 (1988) 415-420. 

[12] PREEDY, V.S., SMITH, D.M., SUGDEN, P.H., The effects of 6 hours hypoxia on 
protein synthesis in rat tissues in-vivo and in-vitro, Biochem. J. 228 
(1985) 179-185. 

[13] MOSORA, F., LEFEBVRE, P., PIRNAY. F., LACROIX, M., LUYCKX, A., 
DUCHESNE, J . , Quantitative evaluation of the oxidation of an exogenous glucose 
load using naturally labelled , 3 C glucose. Metabolism, 25 (1976) 1575-1582. 

58 



[14] OBERT. P.. Effect of altitude and of socio-economic and nutritional status on the 
physical capacity of children. Ph. O. Thesis, University Blaise Pascal. Clermont-Fd, 
France, 1992. 

OTHER RECENT PUBUCATIONS OF B. BEAUFRERE RELATED TO THE PROJECT : 

BEAUFRERE. B., PUTET, G . PACHIAUDI C , SALLE, B., Whole body protein 
turnover estimated with ,3C-leucine and energy expenditure in preterm infants, 
Pediat. Res. 28 (1990) 147-152. 

BEAUFRERE. B.. CHASSARD, D., BROUSSOLLE. C . BEYLOT, M., Effects of 
D-G-hydroxybutyrate, long and medium chain triglycerides on leucine metabolism 
in man. Am. J. Physiol. Endocrinol. Metab. 262 (1992) E 268-E274. 

BEAUFRERE. B., FOURNIER V., SALLE B., PUTET, G., Leucine kinetics in fed 
low-birth-weight infants : the importance of the splanchnic tissues. Am. J. 
Physiol. Endocrinol. Metab. 263 (1992) E 214-E220. 

BROUSSOLLE. C , BEYLOT. M., CHASSARD. D.. BEAUFRERE, B., Effects of 
different lipid substrates on glucose metabolism in normal post absorptive 
humans, Metab. 41 (1992) 1276-1283. 

59 


