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Human and Clinical Nutrition

The Effect of an Increase of Protein Intake on Whole-Body Protein
Turnover in Elderly Women Is Tracer Dependent1

Daphne L. E. Pannemans, Anton J. M. Wagenmakers,2 Klaas R. Westerterp,
Gertjan Schaafsma* and Dave Halliday

Department of Human Biology, Maastricht University, 6200 MD Maastricht, The Netherlands and
*Department of Human Nutrition, TNO Toxicology and Nutrition Institute, 3700 MD Zeist, The Netherlands

ABSTRACT To compare the response of whole-body protein turnover with variations in dietary protein level,
whole-body protein turnover was measured by different stable isotope methods in six elderly women (69 { 5 y)
consuming two levels of protein (10 and 20% of total energy, diets A and B, respectively). Protein turnover was
measured during 12 h of overnight fasting with 15N-glycine with urea and ammonia as end products. During the
last 4 h of the interval, protein turnover was also estimated by L-[1-13C]-leucine infusion. Nitrogen balance [diet
A, 00.040 { 0.015 g/(kgrd); diet B, 0.002 { 0.053 g/(kgrd); mean { SD] did not differ significantly between the
diet periods, although all subjects were in negative nitrogen balance at the end of diet A. Protein breakdown, as
measured with 15N-glycine, did not differ from results obtained using L-[1-13C]-leucine, whereas protein synthesis
was found to be significantly lower using the former isotope. The 15N-glycine method indicated that protein turnover
(both synthesis and breakdown) was higher in fasting elderly women when they consumed a 20% rather than a
10% protein diet, whereas the L-[1-13C]-leucine method did not show significant differences between the diet
periods in the last 4 h of the overnight fasting period. However, the relative increase in net protein breakdown
when comparing diet B with diet A, was comparable for both tracers. These data indicate that care is needed
with the choice of the tracer used in measuring the components of protein turnover in elderly women with the
aim of understanding the physiological basis behind the adequacy of the level of protein intake. J. Nutr. 127:
1788–1794, 1997.

KEY WORDS: • elderly women • protein intake • whole-body protein turnover • nitrogen balance

Stable isotopes have been used extensively for measuring garding protein metabolism. In this case, the label is infused
whole-body protein turnover in children (Van Goudoever et intravenously until the plasma amino acid enrichment reaches
al. 1995), young adults (Conway et al. 1980) and elderly sub- a constant value. By giving a priming dose, the plateau can
jects (Golden and Waterlow 1977). Methods with 15N-labeled be achieved more rapidly. The protein turnover rate is calcu-
tracers, e.g., 15N-glycine, have been favored for many years lated from the tracer dilution in the plasma and the known
because of their noninvasive character. Protein turnover is infusion rate. However, in the case of leucine, the tracer is
calculated by measurement of isotope enrichment in end prod- infused in the plasma and samples are taken from the plasma,
ucts of protein breakdown in urine. This method assumes that whereas leucine is metabolized within the cells. Because the [1-
the whole-body free amino acids are present in one or two 13C]-leucine plasma enrichment is not equal to the enrichment
metabolically active pools from which urea and ammonia are within the cells, plasma a-ketoisocaproate (KIC)3 is usually
derived. The 15N label enters the free amino acid pool and considered to reflect more closely the enrichment of the pre-
will exchange with other amino acids such that the 15N label cursor pool (Bruce et al. 1990, Matthews et al. 1982). KIC is
can be regarded as a label for the total free amino acid pool. formed intracellularly from leucine by transamination and is
Urea and ammonia, the urinary end products of N metabolism, released to the plasma. In many studies, it has been shown that
are derived solely from the free amino acid pool. Therefore plasma KIC enrichment is a good reflection of the intracellular
their labeling can be taken as representative of that pool. In enrichment of leucine (e.g., Matthews et al. 1982).
the case of 15N-glycine, the dose is usually given by constant Protein turnover measurement techniques are based on sev-
nasogastric infusion, repeated oral doses or in one bolus dose. eral assumptions (Halliday and Rennie 1982, Millward et al.

Recently, precursor methods have been applied to a wide 1991, Waterlow et al. 1978); each technique has its own limi-
range of patient groups to derive quantitative information re- tations as discussed elsewhere (e.g., Garlick and Fern 1984,

Halliday and Rennie 1982, Waterlow et al. 1978). Therefore
absolute values for protein turnover rates tend to depend on

1 The costs of publication of this article were defrayed in part by the payment
of page charges. This article must therefore be hereby marked ‘‘advertisement’’
in accordance with 18 USC section 1734 solely to indicate this fact. 3 Abbreviations used: en%, energy percentage; FFM, fat-free mass; KIC, a-

ketoisocaproate.2 To whom correspondence should be addressed.

0022-3166/97 $3.00 q 1997 American Society for Nutritional Sciences.
Manuscript received 7 October 1996. Initial review completed 4 November 1996. Revision accepted 21 May 1997.

1788

/ 4w27$$0008 08-15-97 14:54:46 nutra LP: J Nut September

D
ow

nloaded from
 https://academ

ic.oup.com
/jn/article/127/9/1788/4728950 by U

niversiteit M
aastricht user on 29 Septem

ber 2021



1789INCREASED PROTEIN INTAKE IN ELDELY WOMEN

the technique employed. However, it has been shown that TABLE 1
there is broad agreement in general among values obtained by
different approaches. Reported rates of protein synthesis and Diet components
protein degradation in young adults obtained with different

Diet A1 Diet Btechniques range from 2 to 5 g/(kgrd) (Conway et al. 1980,
Hoffer et al. 1985, Waterlow and Jackson 1981). Acceptable

Whole-meal bread2,3,4 Whole-meal bread1,2,3methods to measure protein turnover should not only give
Margarine2,3,4 Low fat margarine1,2,3

similar absolute values but should also reveal similar physiolog- Jam2,3,4 Jam2,3
ical directional changes in protein turnover whenever they Fruit sprinkles2,3,4 Cheese spread 20/2,3
occur (e.g., changes induced by trauma, feeding/fasting or diet Luncheon meat2,3,4 Luncheon meat4

Chocolate sprinkles2,3,4 Chocolate sprinkles2of various composition). Garlick et al. (1991) and Young et
Cheese1,2,3al. (1987) reviewed the response in protein turnover to differ-
Cooked ham3,4ences in protein intake. They concluded that dietary protein
Chicken breast3,4

affects protein turnover at two levels, i.e., an immediate re- Orange juice2,3,4 Orange juice1,2,3
sponse to the intake of protein in meals (studies done during Soft drink2,3,4 Soft drink1,2,3
the fed state, e.g., Bruce et al. 1990, Garlick et al. 1987, Powdered milk2,3,4 Evaporated milk1,2,3

Low fat milk1,2,3Melville et al. 1989, Young et al. 1987) and a longer-term
Biscuit2,3,4 Biscuit3,4adaptation after a change in protein intake (studies done in
Milk chocolate3,4 Milk chocolate3,4the fed or fasted state after subjects had adapted to a certain
Toast4 Toast3

level of protein intake, e.g., Conway et al. 1988, Pannemans Cake4 Candy bar1,2,3
et al. 1995a and 1995b). Only a few studies have reported on Potato crisps2
the effect of different levels of protein intake on whole-body Cookies2,3,4

Instant soup based on meat2,3protein turnover as measured with different tracers (Motil et
Freezer meal2–5 Freezer meal2–5al. 1981, Pacy et al. 1994, Quevedo et al. 1994, Yang et al.
Low fat fruit yogurt4 Low fat fruit yogurt1,2,31986, Zello et al. 1992), and no such studies have been under-

taken in elderly subjects. Previous work of our group revealed 1 Diet A contained 10.3% of total energy from protein; diet B con-a lower protein turnover in elderly women compared with tained 19.6% of total energy from protein.
elderly men and young women (Pannemans et al. 1995a and 2 Dietary products given in the energy group of 7.50 MJ.
1995b) at the same protein intake. Therefore we decided to 3 Dietary products given in the energy group of 8.25 MJ.

4 Dietary products given in the energy group of 9.00 MJ.investigate whole-body protein turnover in elderly women in
5 The freezer meal consisted of potatoes, vegetables and meat.more detail with different tracers. Thus it was of interest to

compare the response of whole-body protein turnover with
variations in dietary protein level as simultaneously measured

point of view, it is unlikely that the negative energy balance had anwith two commonly used tracers, 15N-glycine and [1-13C]-leu-
effect on the protein turnover data. Body weight, measured simultane-cine, in the same elderly subjects. ously with protein turnover, was used to express data per kilogram
body weight.

Fat-free mass (FFM) was also measured at the start and at theSUBJECTS AND METHODS
end of each dietary period with deuterium dilution (Van Marken
Lichtenbelt et al. 1994) to determine whether muscle mass, e.g., FFM,Subjects. Six free-living elderly women participated in the study

(age, 69 { 5 y; height, 1.58 { 0.07 m; weight, 65.9 { 5.2 kg; fat- was lost during these periods. No significant changes in FFM were
observed during the dietary intervention period (D FFM diet A,/0.3free mass, 40.8 { 1.0 kg; % fat mass, 37.8 { 4.2). Subjects were

recruited with advertisements in the local media and through contacts { 0.9 kg; diet B, /0.1 { 1.0 kg in 2 wk). Fat-free mass, measured
simultaneously with protein turnover, was used to express data perwith alliances for the elderly. All subjects were certified to be in

good health by a staff physician. Subjects gave informed consent to kilogram FFM.
Protein turnover. To determine nitrogen balance, the subjectsparticipate in the study after the procedures were explained to them.

The protocol was approved by the University Ethics Committee. collected 24-h urine for 2 d and total feces for 3 d (during the last
week of each diet period). Nitrogen balance was calculated as nitro-Diet. All subjects consumed two different diets for 2 wk with a

wash-out period of at least 4 wk. In diet A, 10.3% of total energy gen intake minus nitrogen in feces and urine. Each 24-h urine collec-
tion started with the second urine in the morning and included thewas delivered by protein, 35.8% by fat and 53.9% by carbohydrate.

In diet B, 19.6% of total energy was delivered by protein, 28.2% by first voiding of the next day. Each daily feces collection started at
0700 h in the morning and continued through 0700 h the next day.fat and 52.1% by carbohydrate. Diet components are given in Table

1. To make results of the present study comparable with previously The nitrogen content of urine and feces was measured with a Heraeus
analyzer (type CHN-O-rapid, Hanau, Germany) and converted toobtained results (Pannemans et al. 1995a and 1995b), we used an

isocaloric exchange between protein and mainly fat because this was total nitrogen excretion by multiplying with urine volume and fecal
weight. Corrections were made for other obligatory losses [8 mgthe easiest way to increase protein intake with commercially available

dietary products. For the purpose of the study, three energy levels N/kg body weight (FAO/WHO/UNU 1985)].
Whole-body protein turnover was measured with 15N-glycine(7.50, 8.25 and 9.00 MJ/d) were produced. Subjects were placed in the

best-fitting energy group according to their estimated energy intake given orally (200 mg) and with [1-13C]-leucine (99 atom %; Cam-
bridge Isotope Laboratories, Woburn, MA) administered by continu-(Pannemans and Westerterp 1993). During the intervention, all

meals were provided daily at home. The subjects were not allowed ous infusion (see below) on the last day of each diet period.
Rates of protein breakdown and synthesis with the 15N-glycineto eat or drink anything else except for water, tea and coffee.

Body weight and body composition. Body weight and body com- method were estimated from the urinary excretion of 15N in ammonia
and urea during the 12 h after tracer administration (Pannemans etposition were measured at the start and at the end of each dietary

period. Body weight decreased during the dietary intervention period al. 1995a). Subjects were not allowed to eat or drink (except water)
for at least 6 h before administration of the 15N-glycine (Ç1200 h)(D body weight diet A, 00.5 { 0.4 kg; diet B, 00.6 { 0.5 kg in 2

wk). Although subjects lost weight, no effect of this slight negative and during the following 12 h of the study period. Determination of
urinary ammonia and urea concentrations, of 15N enrichment of uri-energy balance was found on protein metabolism. This is in agreement

with data from Garlick et al. (1991) who described protein turnover nary ammonia and urea and of plasma urea were performed as de-
scribed earlier (Pannemans et al. 1995a, Read et al. 1982) Calcula-as affected more by protein intake than by energy intake. From this
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1790 PANNEMANS ET AL.

leucine infusion rate [mmol/(kgrh)]; Ei is the enrichment of the [1-
13C]-leucine infused (MPE); Ep is the [1-13C]-KIC enrichment in the
plasma at steady state (MPE). The rate of leucine oxidation is O
Å F13CO2 [(1/Ep) 0 (1/Ei)] 1 100, where F13CO2 is the rate of 13CO2

released by leucine tracer oxidation [mmol 13C/(kgrh)]. From these
calculations, the rate of leucine incorporation into protein (nonoxida-
tive leucine disappearance) is calculated, as described above, where
Q Å S / O Å B / I. The leucine parameters were converted to
corresponding estimates of whole-body protein turnover by multi-
plying the leucine values by the constant (24 h/d)/(590 mmol leucine/
g protein) to give values of g protein/d (Matthews et al. 1980).

Statistical analyses. When comparisons were made between diet
A and diet B and between the tracers, a Wilcoxon nonparametric
test was used. Significance was set at P õ 0.05. Data are given as
means { SD. The software program Statview 512/ (Abacus Con-
cepts, Berkeley, CA) was used for the analyses.

RESULTS

Nitrogen balance. Despite the significant differences in the
protein content of diets A and B, the nitrogen excretion inFIGURE 1 Experimental design of the protein turnover study in six
urine and feces was not significantly different when subjectselderly women. Protein turnover was measured during 12 h of overnight
ate diet A or diet B nor were there any differences in nitrogenfasting with 15N-glycine with urea and ammonia as end products. During

the last 4 h of the study, protein turnover was also estimated with the balance between the two diet periods (Table 2). However,
use of a [1-13C]-leucine infusion. Blood and expired air were obtained during diet A, mean nitrogen balance was negative (Põ 0.05),
just before the administration of the isotope and at 30-min intervals whereas mean nitrogen balance did not differ significantly from
thereafter during the first 2 h. During the 3rd and the 4th h, blood and zero during diet B.
expired air samples were collected at 15-min intervals. Protein turnover. Protein turnover was measured in the

postabsorptive state, and, as expected, protein breakdown was
tions were done as described by Fern et al. (1981). Rates of whole body significantly higher than protein synthesis independent of the
protein synthesis and breakdown were derived from the expression Q tracer or end product used and independent of the way in
Å E / S Å I / B, where E is the rate of excretion of total nitrogen which data were presented (g/d, g/kg body weight, g/kg FFM)
in urine, S is the rate of whole-body protein synthesis, I is the rate (Table 3).
of intake of nitrogen from the diet and B is the rate of whole-body As measured with 15N-glycine, protein turnover (break-protein breakdown. Because these studies were conducted in the fast-

down and synthesis) was significantly greater when subjectsing state, protein breakdown is equal to the calculated flux. A factor
consumed 20% of energy (en%) as protein in the diet ratherof 6.25 was used to convert grams of nitrogen into grams of protein.
than 10 en% (P õ 0.05), whereas no differences in proteinWhole-body protein turnover was calculated as the harmonic average
turnover between the diets were measured with [1-13C]-leu-of the estimates of flux based on urea and ammonia (Fern et al.

1984b). cine. Protein oxidation, measured with [1-13C]-leucine, was
Whole-body protein turnover was also measured employing a significantly higher when subjects consumed diet B compared

primed continuous infusion of [1-13C]-leucine during the last 4 h of with diet A.
the glycine study (Fig. 1). Subjects reported to the human physiology Protein breakdown values measured with 15N-glycine were
laboratory at 0700 h, and two venous catheters were inserted with not different than those obtained with [1-13C]-leucine whenaseptic technique into an anticubital vein of each arm. One catheter subjects consumed both diets. However, protein synthesis rateswas used for withdrawing blood samples, the other for the isotope

were significantly lower when measured with 15N-glycine thaninfusion. A priming dose of NaH13CO3 (0.085 mg/kg) and [1-13C]-
with [1-13C]-leucine (diets A and B). Table 4 shows the pro-leucine (3.8 mmol/kg) was administered into the other catheter at
tein balance data as derived by both tracers during both diet0800 h and immediately followed by the infusion of [1-13C]-leucine

[3.6 mmol/(kgrh)] at a constant rate (50 mL/h) for 4 h using a periods, as calculated from protein synthesis minus protein
calibrated pump (model 561, IVAC, San Diego, CA). Blood and
expired air were obtained just before the administration of the isotope
and at 30-min intervals thereafter during the first 2 h. During the TABLE 2
3rd and the 4th h, blood and expired air samples were collected at
15-min intervals. Each blood sample was collected with a heparinized Nitrogen balance data in six elderly women after consuming
syringe and transferred immediately to a tube that was kept on ice. diets differing in protein content1
Blood samples were centrifuged at 600 g for 10 min and plasma was
stored at 0207C until analysis. After derivatization (Wolfe 1992), Diet A2 Diet B
plasma 13C-KIC isotope enrichment was measured on a gas chroma-
tography mass spectrometer (Finnigan Incos XL MS with a Varian g/kgrd
3400 GC with 1075 split/splitless injector, Bremen, Germany). Ex-
pired air samples were obtained by having the subject breathe nor- Intake 0.13 { 0.01* 0.20 { 0.02
mally for 3 min into a 6.75-L mixing chamber. After 3 min, a 20- Urine 0.13 { 0.01 0.15 { 0.05
mL vacutainer was filled with a sample of the mixed expired air. Feces 0.03 { 0.02 0.03 { 0.0213CO2 enrichment in the expired air was measured with a GC contin- Balance3 00.04 { 0.02 0.002 { 0.05
uous flow-IRMS (Finnigan MAT-252). At 3 and 4 h after the start
of the infusion, the subject’s CO2 production rate was determined by 1 Values are means { SD.
means of a computerized open-circuit ventilated hood system. 2 Diet A contained 10.3% of total energy from protein; diet B con-

Calculations of the rate of protein turnover were performed as tained 19.6% of total energy from protein.
described by Matthews et al. (1980). In short, leucine turnover is 3 Corrections [8 mg N/(kgrd)] were made for obligatory losses (FAO/
measured from the dilution of [1-13C]-leucine infusion in plasma KIC WHY/UNU 1985). *Significantly different than diet B, Wilcoxon test, P

õ 0.05.at isotopic steady state Q Å i[(Ei/Ep) 0 1] where i is the [1-13C]-
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1791INCREASED PROTEIN INTAKE IN ELDELY WOMEN

TABLE 3

Protein turnover as measured with 15N-glycine and [1-13C]-leucine in six elderly fasting women1

Diet A Diet B

Glycine Leucine Glycine Leucine

g/protein/d
Breakdown 175.1 { 11.4** 225.3 { 40.4 242.9 { 34.8 237.7 { 17.8
Synthesis 116.6 { 17.0*,** 201.8 { 36.2 171.2 { 28.2* 205.7 { 14.3
Oxidation — 23.5 { 5.3** — 32.0 { 7.8

g protein/(kgrd)
Breakdown 2.7 { 0.4** 3.4 { 0.6 3.7 { 0.7 3.6 { 0.3
Synthesis 1.8 { 0.4*,** 3.1 { 0.5 2.6 { 0.6* 3.1 { 0.2
Oxidation — 0.4 { 0.1** — 0.5 { 0.1

g protein/(kg FFM2rd)
Breakdown 4.3 { 0.4** 5.5 { 0.9 6.0 { 1.0 5.8 { 0.3
Synthesis 2.9 { 0.5*,** 4.9 { 0.8 4.2 { 0.8* 5.0 { 0.2
Oxidation — 0.6 { 0.1** — 0.8 { 0.2

1 Values are means { SD; diet A contained 10.3% of total energy from protein; diet B contained 19.6% of total energy from protein. *P õ 0.05
differences between 15N-glycine and [1-13C]-leucine within each diet (Wilcoxon test); **P õ 0.05 differences between the diets as measured with
the same tracer as tested with a Wilcoxon nonparametric test.

2 FFM, fat free mass.

breakdown. Because subjects were studied in the postabsorp- Nitrogen balance. At the end of each dietary period, the
nitrogen balance was determined over 3 d. There were notive state, breakdown was higher than synthesis, resulting in

negative net protein balances. Both tracers showed that the significant differences in nitrogen excretion via feces and urine
nor were differences found in the resulting nitrogen balance.absolute difference between breakdown and synthesis was

higher during consumption of diet B (P õ 0.05) compared Nevertheless, all subjects were in negative nitrogen balance
when they consumed diet A, which provided the recom-with diet A, and the absolute difference between breakdown

and synthesis was also higher when measured with 15N-glycine mended intake of 0.8 g protein/kg body weight (FAO/WHO/
UNU 1985). These results do not agree with previously ob-than with [1-13C]-leucine. However the relative increase in

net balance was similar for both tracers (15N-glycine, 25 tained data in elderly women (Pannemans et al. 1995a) who
were in nitrogen balance when they ate a diet providing the{ 27%; [1-13C]-leucine, 36 { 4%).
same amount of protein. There were no differences in protein
intake (0.127 { 0.020 g N/kg body weight in the previousDISCUSSION
study vs. 0.125 { 0.011 g N/kg body weight in this study).

Previous work of our group had revealed a lower protein Because energy intake was slightly lower in the previous study,
turnover in elderly women compared with elderly men and the energy percentage given as protein was somewhat higher
young women (Pannemans et al. 1995a and 1995b) when they (12 vs. 10 en% in the present study). There were no differences
consumed the same level of protein. We decided therefore to in fecal nitrogen excretion (0.021 { 0.007 vs. 0.033 { 0.021
study the effect of the level of protein intake on whole-body g N/kg body weight); however, urinary nitrogen excretion was
protein turnover in elderly women in more detail, with two higher in the present study (0.098 { 0.028 vs. 0.125 { 0.013
commonly used labeled amino acids, 15N-glycine and [1-13C]- g N/kg body weight). The difference in nitrogen balance be-
leucine, to investigate two questions. First, are whole-body tween the studies probably indicates that a protein intake of
protein turnover data as measured with 15N-glycine and [1- 0.8 g/kg body weight is near the daily requirement, leading to
13C]-leucine comparable? Second, do both tracer techniques a net balance in some subjects and a small net loss of nitrogen
detect comparable changes in protein turnover as induced by in others. Urine collections were complete in both studies as
a change in dietary protein intake? Before discussing these indicated by 24-h urinary creatinine excretion values.
points, it is necessary to consider the changes in nitrogen In the past, protein requirements of the elderly have been

studied extensively. Cheng et al. (1978) determined proteinbalance as a result of changing the protein intake.

TABLE 4

Protein balance data as measured with 15N-glycine and [1-13C]-leucine in six fasting elderly women1

Diet A Diet B

Glycine Leucine Glycine Leucine

Balance, g/d 058.4 { 11.7*,** 023.5 { 5.3** 071.7 { 14.3* 032.0 { 7.8
Balance, g/(kgrd) 00.9 { 0.2*,** 00.4 { 0.1** 01.1 { 0.2* 00.5 { 0.1
Balance, g/(kg FFM2rd) 01.4 { 0.3*,** 00.6 { 0.1** 01.8 { 0.4* 00.8 { 0.2

1 Values are means { SD; protein balance was calculated as synthesis minus breakdown. *P õ 0.05 differences between 15N-glycine and [1-
13C]-leucine within each diet as (Wilcoxon test); **P õ 0.05 differences between the diets as measured with the same tracer (Wilcoxon test).

2 FFM, fat-free mass.
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1792 PANNEMANS ET AL.

requirements in 15 elderly subjects and recommended a pro- effect of dietary protein levels on protein turnover as measured
with stable isotope tracers in humans. The present 15N-glycinetein intake level of 0.8 g/(kgrd). Uauy et al. (1978) reported

the same recommendation for elderly women [0.83 g/(kgrd)], data are in agreement with data previously published from our
laboratory concerning the effect of protein intake on proteinwhereas the protein intake for elderly men was established at

0.70–0.85 g/(kgrd). In another study, it was estimated that kinetics in both young and elderly fasting subjects (Pannemans
et al. 1995a and 1995b). As in the present study, we foundthe protein requirements for elderly men were 0.72 g/(kgrd)

(Zanni et al. 1979). Gersovitz et al. (1982) studied the long- significantly higher protein turnover rates when subjects con-
sumed the high protein diet in both groups. Using the sameterm effects of a protein intake of 0.8 g/(kgrd) (as recom-

mended by the FAO) on nitrogen balance in elderly men and tracer, Meredith et al. (1989) and Gersovitz et al. (1980)
described the effects of a variable protein intake on proteinwomen. Because most of the subjects were in negative nitrogen

balance, it was concluded that the current recommended pro- turnover measured during 60 h of feeding and fasting. Both
groups found increased overall fluxes with increasing proteintein intake was too low for the majority of subjects ¢65 y. In

the present study, a protein intake of 1.3 g/kg (diet B) resulted intake. Previous studies measuring the effect of protein intake
on protein metabolism as measured with [1-13C]-leucine arein a mean nitrogen balance that did not differ significantly

from zero; at this protein intake, the elderly women were in also more or less in agreement with the present data, i.e.,
increasing the protein intake has no effect on protein turnovernitrogen balance. It is therefore concluded on the basis of the

current study and on retrospective nitrogen balance data that of fasting subjects as measured with [1-13C]-leucine (Pacy et
al. 1994, Yang et al. 1986, Zello et al. 1992). Quevedo et al.a safe protein intake for elderly adults would probably be higher

than 0.8 g/(kgrd) because this amount may not always be (1994) described the effect of a reduced protein intake and
concluded that changing the protein intake from high to mod-sufficient to reach nitrogen balance, especially not in the frail

elderly who have a low energy intake, low energy expenditure, erate intake levels had no effect on rates of protein synthesis
and breakdown in fasting subjects, whereas oxidation rateslow body weight and low physical activity levels.

Are whole-body protein turnover data as measured with decreased. The latter result was also described by Pacy et al.
(1994), whereas others found no effect of protein intake onboth tracers comparable? Using 15N-glycine as a tracer, pro-

tein synthesis and degradation can be calculated by measure- oxidation rates in fasting subjects when changing from mar-
ginal to surfeit protein intake (Motil et al. 1981). In contrastment of isotope enrichment in the urinary end products urea

and ammonia. As described previously (Fern and Garlick 1983, with the present study, Motil et al. (1981) reported increased
protein breakdown and synthesis rates with increasing proteinWaterlow et al. 1978), both end products gave different results,

with urea always giving higher values than ammonia (not intake, whereas Yang (1986) described decreased protein fluxes
as intake increased from 0 to 1.5 g/(kgrd). Recently,shown). The difference between the end products implies ana-

tomical compartmentation, and it was suggested that the aver- Casteneda et al. (1995) reported increased protein fluxes with
increasing protein intake in fed elderly women, whereas noage of the two flux rates given by ammonia and urea would

give the best estimate for whole-body protein turnover. There- effects were observed on protein synthesis and breakdown.
The effects of protein intake on leucine flux probably is lessfore the harmonic average of both end products was taken as

the basis for this calculation. When comparing this average pronounced in fasting than in fed subjects (Motil et al. 1981,
Pacy et al. 1994, Quevedo et al. 1994). In summary it can bewith the [1-13C]-leucine data, it is seen that both methods

gave similar values for protein breakdown, whereas leucine concluded that the results of the present study are in agreement
with data previously obtained under similar experimental con-gave higher results for protein synthesis than did 15N-glycine.

In the past, only a few studies have been published comparing ditions for both the 15N-glycine and [1-13C]-leucine tracers.
It remains unclear why protein turnover increased in sub-these two methods. In line with our findings in elderly women,

Van Goudoever et al. (1995) observed higher rates of protein jects consuming the high priotein diet with 15N-glycine as
tracer, whereas measurements done with [1-13C]-leucine didturnover in preterm infants with the [1-13C]-leucine method

than with 15N-glycine. In another study, Golden and Waterlow not detect any difference. To detect changes in protein turn-
over, the reproducibility of the technique used is important.(1977) demonstrated similar rates of protein synthesis in el-

derly people when employing 15N-glycine and [1-13C]-leucine However, the coefficients of variation of the leucine tracer
technique and the glycine tracer technique are similar [6.8tracers simultaneously.

Comparison of the results with previous studies is compli- and 6.7%, respectively (Bier et al. 1981, Fern et al. 1984a)].
It is not known why these differences were observed. Becausecated by the differences in the experimental protocols, e.g.,

differences in tracers, subjects and the feeding status of the both techniques rely on several assumptions, the differences
may be attributable to the differences in assumptions made forsubjects. In summary, it can be concluded that protein turn-

over rates measured with leucine and glycine are either compa- both techniques. Promotion of the concept that a single given
methodology represents the gold-standard approach to the esti-rable or turnover rates measured with leucine are somewhat

higher. mation of whole-body protein turnover, applicable in both
health and disease and to all age groups, would be difficult toDoes the increase in protein intake lead to comparable

changes in protein turnover with both tracers? Protein syn- defend. Direct comparison of results in studies in which 15N-
glycine has been employed is often difficult in that so manythesis and protein breakdown rates, as determined with 15N-

glycine, were higher when subjects consumed the high protein variations on the central methodological theme have been
reported (length of the study, oral or intravenous administra-diet. However, when using the [1-13C]-leucine method, no

such differences were observed, although the oxidation rates, tion of the label, amount of tracer or choice of the end prod-
uct). Given that the ammonia pool of the body is small andas measured with [1-13C]-leucine, were higher for the high

protein intake. Net protein breakdown rates increased signifi- rapidly turning over, any pathophysiological disturbance of
this pool could markedly affect the measured 15N enrichmentcantly as measured with both tracers when subjects consumed

the high protein diet, and the relative increase in net protein in urinary ammonia. It has been reported in some neonatal
studies that no 15N enrichment was measurable in urinarybreakdown (breakdown minus synthesis) was also similar in

magnitude for both tracers. urea following 15N-glycine administration, thus precluding the
harmonic mean calculation (Van Goudoever et al. 1995).In the past, a few other investigators have reported on the
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