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Abstract

Assessment of protein nutritional status during re-feeding children with
protein energy malnutrition (PEM) can be difficult. We hypothesized that the
fractional synthesis rate (FSR) of albumin, as measured by stable isotope
technology, would serve as an objective measure of changes in protein
status, and that increased amounts of dietary protein (15% of calories vs
10%) would lead to higher FSR. Eight (5 M, 3 F) Peruvian children (mean
age 15.5 months) with PEM (mean wt/ht Z score = -2.47) were studied
twice during the first week of admission by the flooding dose technique. An
intravenous dose of >3C-feucine (57 mg/kg, 99 atom%) was given and serial
blood samples were drawn in intervals up to 90 minutes in order to measure
isotopic enrichment of serum albumin. Mean FSR for the day one infusion
was 6.11% (range 3.07 - 15.37%) (n = 8). Mean FSR for the follow-up
infusion was 7.67% (range 3.63 - 12.37%) (n = 5), and FSR was no
different between the two dietary groups. FSR on day one was inversely
related to age (r = -0.62), and one patient with Shigella dysentery had the
highest FSR (15.9%). We conclude that FSR of albumin can be measured
successfully in children with PEM using the flooding dose technique, and that
assessment of albumin FSR holds promise to help determine protein
requirements and status during recovery from PEM.

1. INTRODUCTION

Protein-energy malnutrition (PEM) is one of the most common nutritional deficiency
syndromes in the world, affecting approximately 100 million children of less than age five
in developing countries [1]. It is responsible for up to 50% of childhood mortality in such
populations, being closely entwined with the concurrent morbidities of enteric and
respiratory infections. Despite extensive scientific study of the multiple metabolic
derangements in PEM [2], nutritional repletion of these patients has been designed largely
on an empirical basis. The ultimate success of nutritional repletion is usually judged by
important but imprecise measures of well-being: weight gain, return of appetite, and
resolution of apathy/return of playfulness [3].

Assessment of protein status during refeeding in PEM can be done by nitrogen
balance techniques, but this method is both cumbersome and prone to inaccuracies [4].

Another common measurement of protein status is serum albumin, but the long half-
life (21 days) of serum albumin makes it an insensitive marker of protein repletion. In
addition, serum levels of proteins depend on rates of synthesis, degradation, and
redistribution among body compartments [5]. A more objective assessment of protein
nutriture would be the measurement of protein synthesis rates.
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The use of stable isotopes has allowed protein synthesis rates to be measured
without the need for radioactive tracers, thereby permitting these methods to be applied to
pediatric subjects. In this pilot study, we used the "flooding dose" technique [6] to measure
albumin synthesis rates in patients with severe protein energy malnutrition. We
hypothesized that increased levels of dietary protein intake would be associated with
increased fractional synthesis rates (FSR) of albumin, and that FSR on day one of admission
would be lower than FSR measured after nutritional recovery had commenced.

2. METHODS

2.1. Subjects and site

We performed a prospective study among inpatients at the Instituto de Investigacion
Nutricional in Lima, Peru. Inpatients ages 6 - 2 4 months with growth failure due to PEM
(weight for length Z score < - 2.0) were eligible for study participation. Children with
ascites, severe edema, or proteinuria were excluded. Patients with signs of hepatic
dysfunction (jaundice or elevation of serum transaminases to more than twice the upper
limit of normal) were also excluded. Children with fever, diarrhea, or vomiting were not
excluded, and the presence of infectious illnesses was determined on clinical and laboratory
grounds. A standard three hour fast preceded all isotope infusions, although a dextrose
containing intravenous fluid was administered during this time.

2.2. Ethics

The study protocol was approved by the Ethics Committee of the Instituto de
Investigacion Nutricional, as well as the Subcommittee on Human Studies of the
Massachusetts General Hospital.

2.3. Dietary management

A rice and milk-based diet was given to all subjects. Subjects were assigned to
receive either 10% of calories as protein (standard protein diet) or 15% of calories as
protein (high protein diet) (Table I). On day 1 of admission, subjects received 75 kcal/kg of
this diet. On day 2 and subsequent days, 125 kcal/kg were given. A vitamin and mineral
supplement was provided to all subjects.

2.4. Data collection

Determination of albumin synthesis rates was performed via 13C-labeling of leucine
on the first and on a subsequent day during the first week of hospitalization [6]. An
intravenous dose of sterile and pyrogen-free 13C-leucine (57 mg/kg, 99 atom%) was
administered over 2 minutes. One ml blood samples were drawn at time 0, 10, 20, 30, 60,
and 90 minutes. To help determine if hypothesized rises in FSR after refeeding varied in the
first week of nutritional rehabilitation, follow-up infusions were performed on hospital day
3 for 2 subjects, day 4 for 2 subjects, day 5 for 2 subjects, and day 6 for 1 subject.

2.5. Measurements

Isolation of 13C-enriched albumin for mass spectrometry was accomplished as
follows. After the serum was thawed, albumin was extracted by differential solubility in
absolute ethanol from trichloroacetic acid-precipitated protein [7]. The purity of the protein
preparation was confirmed by high-resolution polyacrylamide electrophoresis. The albumin
was then washed with 0.3 N NaOH at 37C for one hour, reprecipitated with 4 M HCI04 at
4C, then washed again with 0.2 M HCI04. The albumin was then hydrolyzed in 6M HCI for
24 hours at 11°C, and the hydrolysate was purified by ion exchange chromatography. The
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hydrolysates were derivitized with N-Methyl-N-(tert-butyldimethylsilyl)-trifluoroacetamide
chromatography. Leucine was isolated by gas chromatography, and then decarboxylated
with ninhydrin. The 13C enrichment of the released13 C02 was measured by gas isotope
ratio mass spectrometry.

Enrichment of free leucine from plasma was measured by separating leucine by ion
exchange chromatography, then measuring the tertiary butyldimethylsilyl derivative by gas
chromatography-mass spectrometry.

2.6. Calculations

Isotopic enrichment of the product pool is determined by the rate of synthesis from
the precursor pool, less the rate of escape from the product pool during the course of
measurement i.e., if F represents the enrichment of free amino acid in the precursor pool,
and P is the isotopic enrichment of the product pool , and k, and k, are first order rate
constants signifying the rate of albumin synthesis and transcapillary escape, respectively,
both being expressed as fractions of the intravascular pool, then

F ks P ke

More specifically, the rate of incorporation of labeled leucine into albumin can be
expressed by the following steady state equation [8]:

However, calculations have shown that with the flooding dose technique, this
equation may be simplified 16]. Given the brief time course of the infusion and
measurements, transcapillary escape may be safely ignored. In addition, the large excess
of precursor amino acid infused in the "flood" means that F > > P, or that (k,+ k.)Pdt is
very much lower than ksFdt and can therefore be omitted. Thus,

Integrating and rearranging, we have

where the denominator is equivalent to A, the area under the precursor enrichment time
curve between appropriate times. Figure 1 shows an idealized curve for precursor
enrichment versus time after a flooding infusion. The time points t, and t2 for measuring
the increase in albumin enrichment are chosen where incorporation of the label is close to
linear. Figure 2 shows an idealized graph of albumin enrichment versus time, where baseline
points are obtained during points 0, 10, and 20 minutes, followed by a linear increase in
isotopic enrichment. The time at which these two lines intersect is ts (secretion time),
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corresponding to the lag time between albumin synthesis and processing in the hepatocyte
and secretion into the circulation.

The final form of the equation used to calculate albumin synthesis is therefore:

k =FSR=——-xlOO%
S j

where FSR is the fractional rate of albumin synthesis (expressed as percent of whole body
pool per day).

2.7. Statistics

Regression lines were calculated by the least squares method. Comparison of PSR
by dietary group was done by the Mann Whitney U test, and comparison of baseline versus
follow-up FSR was done by paired t-test. Pearson correlation coefficients were calculated
between FSR and possible clinical and laboratory predictors (age, weight for height, Z score,
and serum albumin).

3. RESULTS

Eight (5 M, 3 F) Peruvian children (mean age 15.5 months) with PEM were enrolled.
All were studied on day one of admission, as well as three to six days after dietary
intervention. Data for five follow-up infusions are available for analysis: one patient was
discharged before a second infusion was performed, one sample awaits mass spectrometry
analysis, and one sample (subject 5) yielded data which were difficult to analyze (see
below).

Table II shows on admission the clinical and laboratory parameters for study
participants. Mean serum albumin concentration was 3.9 mg/dL (range 2.2 - 4.7 mg/dL).
Mean weight for height Z score on admission was -2.47. Six children were deemed to have
clinically apparent infections.

Figure 3 shows the actual precursor enrichment curve obtained by averaging the data
from five subjects' leucine enrichments; data from this curve were used to calculate A, the
area under the precursor curve. Figure 4 shows albumin enrichment data from eight
subjects on day one of admission, and Figure 5 shows similar graphs for the six subjects
for whom follow-up data are available. As can be seen by the raw data, the 90 minute time
points from 3 subjects (subjects 6 and 7 on day 1; subject 4 on follow-up) showed a
decreased isotopic enrichment versus the preceeding curve. These points were therefore
not used in creating the regression lines. In addition, the data for subject 5 in follow-up
showed no significant rise in atom percent enrichment and was therefore not able to be
analyzed.

Table III shows the outcome variables secretion time and FSR. Mean albumin
secretion time for the first infusion was 21.65 (range 4.53 - 40.0) minutes. Mean FSR for
the day one infusion was 6.11 % (range 3.07 - 15.37%) (n = 8). Mean FSR for the follow-
up infusion was 7.67% (range 3.63 - 12.37%) (n = 5), and mean secretion time was 24.35
(range 7.4 - 38.06) minutes.

Subjects deemed to have a clinically apparent infections (n=6) had FSR's not
significantly different than the two patients without infections (mean 6.77% vs 4.14%, p
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> .05). One patient with Shigella dysentery had the highest FSR measured (15.9%).
Patients receiving 10% of dietary calories as protein had FSR's not significantly different
than those receiving 15% of calories as protein, both on day one (4.62% vs 7.61 %, n =
4 in each group) and on the subsequent measurement (7.45% vs 8.00%, n = 3 with 10%
protein, n = 2 with 15% protein).

Pearson correlation coefficients for FSR on day one were moderate for age (r = -
0.62), admission weight for height Z score (r = 0.44), and serum albumin (r = 0.25).

5. DISCUSSION

Since PEM has classically been conceptualized as either hypoalbuminemic
malnutrition (kwashiorkor) or normoalbuminemic malnutrition (marasmus), the focus of many
studies has been on albumin metabolism. Studies from the 1960's [9-11] used radioactive
tracers in a variety of in vivo and in vitro conditions to show that protein depletion and the
clinical condition of kwashiorkor were associated with decreased rates of albumin synthesis.
Unfortunately, several aspects of these early isotope studies limit their usefulness in human
research. Constant rate infusions of the label over 24 hours or longer are needed, and
measurement times are also prolonged (4 to 6 hours). In conditions where albumin
metabolism may be in flux, such methods may obviously not be optimal. In addition, the
use of radioactive isotopes in children is now generally thought to be unethical. Using a
"flooding dose" of stable isotopes can surmount these problems by avoiding exposure to
radioactivity and by allowing the experiment to be completed in 90 minutes.

Our results show that this technique, previously used in adult men, can be
successfully adapted for use in children with PEM. Mean FSR on presentation to the
hospital of 6.11 % per day is lower than that reported in healthy adults (7.2 +/- 1.3% per
day) 16], not surprising given the lowered metabolic rate seen in PEM. These values are
also lower than those reported in healthy infants and children (7.44 +/- 3.5%) 112]. Our
reported mean secretion times of 21.7 minutes at admission and 24.4 minutes upon
refeeding are lower than the 37 minutes reported by Ballmer et al.

Our data do not suggest a dramatic effect of infections in altering albumin synthesis,
but only two patients were without clinically apparent infections, thereby limiting our power
to detect a difference. The finding of a very high FSR in the patient with Shigella dysentery
may have resulted from a protein-losing enteropathy and a subsequent attempt by the liver
to replace albumin lost in the gut (although no formal evaluation of protein lost via this route
was undertaken).

Interestingly, FSR measured after the institution of nutritional rehabilitation was
generally higher in these patients with PEM. Two subjects whose follow-up infusion was
early in the first week (days 3 and 4) showed essentially no change in their FSR (e.g., 7.71
vs 7.44%; 3.73 vs 3.63%), whereas 3 subjects studied later in the week (days 4, 5, and
6) showed almost doubling of their FSR (e.g., 3.07 to 7.04%; 3.15 to 7.88%; 5.98 to
12.37%) (Figure 6). Although the mean FSR during follow-up infusions was not
statistically different from baseline, our study is limited by small power to detect these
differences.

It should be noted that the clinical condition, small size, and reduced haemoglobin
mass of malnourished paediatric patients limit the ability to draw repeated blood samples.
As a result, enrichment curves are derived from relatively few data points. In addition, the
90 minute point in some subjects seemed unreliable, showing a decrease in isotopic
enrichment. Modification of this pilot protocol will therefore include 1) increasing the
frequency of blood samples in a select population of older, more clinically stable children,
and 2) drawing blood samples at 0, 15, 30, 45, 60, and 75 minutes. The possibility that
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transcapillary escape of albumin may impact on our results (especially the 90 minute point)
could also be assessed, as could measurement of plasma volume.

In summary, we have successfully adapted the flooding dose technique to measure
hepatic export protein synthesis in children with severe PEM. The technique described may
be adapted to measure the synthesis rates of hepatic export proteins other than albumin
such as the acute phase reactants alpha-1-antitrypsin and C-reactive protein, as well as
retinol binding protein, transferrin, and other carrier proteins. Whether and how
micronutrient deficiencies and/or supplementation bear upon the synthesis of their
respective carrier proteins would clearly be of interest. More precise estimates of amino
acid requirements in the setting of recovery from PEM may also be made in this manner
[13]. Finally, the quantification of protein synthesis rates in the presence of infections holds
the promise of improving our understanding of how nutritional support may modify the
body's response to infections [14].
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TABLE I: DIETARY TREATMENT GROUPS

Standard Diet:

Days

1
2
3'

High Protein Diet:

Days

1
2
3'

Energy (kcal/kg)

75
125
125

Energy (kcal/kg)

75
125
125

Protein (g/kg)

1.9
3.2
3.2

Protein (g/kg)

2.8
4.7
4.7

'diet continued at this level until the second infusion was performed

TABLE II. CLINICAL AND LABORATORY CHARACTERISTICS

#

1

2

3

4

5

6

7

8

mean

SD

Age
(mo)

7.1

13.4

7.5

20.0

21.0

19.4

15.0

20.6

15.5

5.7

Sex

F

M

M

M

M

M

F

F

% Calories
as protein

15

10

15

10

15

10

15

10

Admit WHZ

-2.11

-2.16

-1.87

-2.68

-2.73

-3.02

-2.08

-3.12

-2.47

0.5

Serum
Albumin

4.4

4.7

4.4

4.2

4.2

3.0

2.2

4.1

3.9

0.9

Infections

Shigella dysentery

URI

none

UTI

URI

TB

pneumonia

none

Abbreviations: WHZ = weight for height Z score; URI = upper respiratory infection; UTI = urinary
tract infection; TB = tuberculosis.
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TABLE III: ALBUMIN SYNTHESIS RATES AND SECRETION TIMES

#

1

2

3

4

5

6

7

8

mean

SD

Day

1

1

1

1

1

1

1

1

Secretion
Time

40.0

23.37

18.73

21.33

24.75

15.43

25.03

4.53

21.7

10.0

FSR
(%/d)

15.87

7.71

3.73

3.07

4.86

3.15

5.98

4.55

6.11

4.2

Day

3

3

4

4

5

5

6

-

Secretion Time
(min)

NA

7.40

29.22

14.58

NA

38.06

32.49

NA

24.4

12.9

FSR
<%/d)

NA

7.44

3.63

7.04

NA

7.88

12.37

NA

7.67

3.1
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Precursor Enrichment vs Time

100
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Fig. 1. An idealized curve for precursor enrichment versus time after a flooding infusion.

Albumin Enrichment vs Time

90 100

Fig. 2. An idealized graph of albumin enrichment versus time, where baseline points are
obtained during points 0, 10, and 20 minutes, followed by a linear increase in isotopic
enrichment.
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Leucine Enrichment Curve

1 0 0
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Fig. 3. Precursor enrichment data from childre with PEM (n —5).

APE vs Time
Day One infusion

Fig. 4. Albumin enrichment on day 1 in children with PEM (n = 8).
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APE vs Time
Follow-up infusion
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Fig. 5. Albumin enrichment data on follow-up infusions in children with PEM (n = 6).

Changes in Albumin FSR
with Time
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Fig. 6. Serial measures of albumin FSR in the first week of hospitalization.
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