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1. BACKGROUND

A reciprocal relationship between morbidity from diarrheal and other infectious
diseases and growth has been reported from many countries including India [1]. Further,
a catabolic response occurs with all infections even when they are subclinical and not
accompanied by fever [2,3,4]. Since carbohydrate stores are usually inadequate to meet
the increased energy requirement resulting from fever and the metabolic response to
infection [5], and since lipid stores are not effectively used in the infected patient [3],
another source of energy is required. Under the stimulus of monokines such as
interleukines, endocrine changes are initiated that lead to the mobilization of amino acids
from the periphery, primarily from skeletal muscle [6]. Amino acids such as those of the
branched-chain group are utilized as sources for the synthesis of alanine or glutamine [7].
The latter are rapidly taken up by the liver and utilized for gluconeogenesis. Amino acids,
such as phenyalanine and tryptophan, which cannot be metabolized in skeletal muscle
should then be released in elevated amounts [8].

It is also likely that the net losses of body protein which occur secondary to
infectious disease, including subclinical infections, occur as the result of the synthesis of
acute phase proteins (APP) in response to these stresses [9]. To synthesize these APP,
body protein is catabolized to provide amino acid substrates. The gross amino acid
composition of the APP is known to have relatively high concentrations of aromatic amino
acids compared to branched chain amino acids [10]. Because of the imbalance in the
composition of APP and muscle protein (high in branched chain amino acids) it is possible
that a large quantity of nitrogen would be wasted in the conversion of muscle protein to
APP [9]. In such a situation leucine oxidation increases because the amino acid pattern of
substrate for APP synthesis requires less leucine than does whole body protein, leaving a
relative surfeit of leucine which is lost to the body through oxidation. This loss contributes
to the net losses of body protein. In addition nitrogen from catabolism of body protein is
incorporated into APP or rapidly turning over proteins so that the nutritional status of the
host may be further compromised.

Therefore, individuals who live in environments which are likely to predispose them
to malnutrition are also likely to be challenged subclinically and overtly by infectious disease.
This combination of poor dietary intakes, as well as subclinical infections could lead to
increased amino acid requirements due to shifts in protein synthesis. In an individual with
marginal intakes of protein, a deficiency could result.
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2. AIMS

1. To measure oxidative losses of body protein during subclinical infection;

2. To measure the rate of appearance of (Ra) carbon dioxide from labelled
bicarbonate administered orally prior to labelled leucine administration. These
data are needed to calculate the rate of protein oxidation from the Ra of 13C
from leucine.

3. METHODS

Twenty six children between the age group of 18 to 36 months were studied, 1 7 of
whom came from a slum but were apparently healthy, and nine controls from a relatively
clean hygienic environment. They appeared healthy by clinical examination, falling between
-0.5 and -2.5 Z score for weight-for-length by the NCHS standards. They lived in slums,
in poor unhygienic conditions and did not have water and sanitation in their homes. Their
parents were on daily wages. Information on their past medical and nutritional history was
obtained by questionnaire.

The children were fed according to their requirement (85 kcal/kg/day) for two days
prior to study. Two diet mixtures were formulated to be given alternatively during the study
period: 1) semolina-milk porridge sweetened with sugar and 2) rice-lentil porridge which
was savoury. The nutrient compositions of these diets were carbohydrate 65%, fat 25%
and protein 10%.

Estimation of haemoglobin, total WBC counts, differential WBC counts, and ESR was
done after an initial clinical examination and history. Approximately 1 ml of plasma was
stored at -80°C for micro analysis of acute phase proteins. The samples have been sent to
the Dunn Nutrition Laboratory for analysis. Faecal and urine samples were also tested for
routine microscopic and biochemical tests.

The children were brought in at 07:00 hours, following which they were acclimatized
to the laboratory. A basal breath sample was taken after which a single dose of 15N leucine
(2mg/kg) and the priming dose of H13 C03 (0.4 mg/kg) were given orally. The maintenance
dose of H13CO3 (0.4 mg/kg/hr) was given every 20 min. for a period of 3 hours after the
priming dose. The breath samples were also taken every 20 min. just before administering
the isotope. At the third hour the priming dose of 13C leucine (2mg/kg) was given followed
by the maintenance dose every hour for the next 5 hours. After an interval of 3 hours
breath samples were once again taken every 20 min for the last 3 hours. The feeds were
given every half hour for 9 hours (entire protocol) to provide 80-90 kcal/kg and was diluted
to 1 kcal/ml. See Appendix A for the protocol.

Breath collection was carried out by a paediatric face mask which was attached to
a one-way valve connected to a bag (about 0.6 I) through a non-return valve. Samples of
breath were stored in quadruplicate in vacutainers. The enrichment of 13CO2 in the breath
was measured in duplicate by continuous flow-isotope ratio mass spectrometry (CF- IRMS,
Europa Scientific, Crewe, UK). The CV of the measurement in the system was < 0.1 %.

Urine was collected in adhesive paediatric urine bags. Each void was acidified,
measured and stored in separate containers. Collections were made over 24 hours.
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4. RESULTS

The anthropometric characteristics of the children are given in Table I. The affluent
children had weight for length Z scores of about - 1 , although they were significantly bigger
than the slum children. Therefore, both the children were below the 50 centile of the NCHS
standards for weight and length. The basic blood parameters showed that the affluent
children had significantly higher haemoglobin, and significantly lower total WBC counts.
The slum children also showed a higher eosinophil count and ESR, although these values
were not significant (Table II).

Apparent steady state in the enrichment of C02 was seen after 3 hours of isotope
dosing (Fig. 1). Since this was a fed protocol from start to finish, no correction was made
for 13C02 from food, as the base linW CO would have already been elevated at the
beginning of the study. The CV of the average atom percent excess values at plateau,
during the 13C bicarbonate phase as well as the 13C leucine phase was 3.77% and 4.26%
respectively in the slum children and in the controls it was 2.94% and 5.59%, respectively
(Fig. 2). The Ra of C02 was about 15 % higher in the affluent children, although not
significantly so. This was due to the higher activity of the affluent children, who were more
curious about their surroundings, as well as less inhibited. This activity could not be
controlled without upsetting the children.

The calculated 13C leucine oxidation rates were not different between the children,
although, in the well-nourished children, this was largely due to the large Ra of C02 due to
their increased activity. Consequently there was no difference in the percentage of dose
oxidized (Table III).
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Appendix A
ISOTOPE PROTOCOL FOR INFANT STUDY
Subject name: Subject weight:
Blood collection: 9 ml Basal urine:
(Tick time)

Date:

00.00 hrs

00.10 hrs

00.10 hrs

00.30 hrs

00.50 hrs

01.10 hrs

01.30 hrs

01.50 hrs

02.10 hrs

02.30 hrs

02.50 hrs

03.10 hrs

03.10 hrs

04.10 hrs

05.10 hrs

06.10 hrs

06.30 hrs

06.50 hrs

07.10 hrs

07.30 hrs

07.50 hrs

08.10 hrs

08.30 hrs

08.50 hrs

09.10 hrs

Basal breath

15N leucine 2 mg/kg

13C HCO3 0.4 mg/kg
(priming dose)

1. Breath collection
2. 13C HC03 0.13 mg/kg/20 min.

1. Breath collection
2. 13C HCO3 0.13 mg/kg/20 mtn.

1. Breath collection
2. 13C HC03 0.13 mg/kg/20 min.

1. Breath collection
2. 13C HCO3 0.13 mg/kg/20 min.

1. Breath collection
2. 13C HCO3 0.13 mg/kg/20 min.

1. Breath collection
2. 13C HC03 0.13 mg/kg/20 min.

1. Breath collection
2. 13C HC03 0.13 mg/kg/20 min.

1. Breath collection
2. 13C HCO3 0.13 mg/kg/20 min.

1. Breath collection
2. 13C HCO3 0.13 mg/kg/20 min.

13C leucine 2mg/kg

13C leucine 2mg/kg

13C leucine 2mg/kg

13C leucine 2mg/kg, breath collection
blood 2 ml

breath only

breath only

13C leucine 2mg/kg, breath collection

breath only

breath only

13C leucine 2mg/kg, breath collection

breath only

breath only

breath only
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TABLE I. ANTHROPOMETRY OF CHILDREN

AGE (mo)

Wt (kg)

Ht (cm)

HC (cm)

CC (cm)

MAC (cm)

Z SCORE

Ht for Age

Wt for Ht

Wt for Age

* = p< 0.05

SLUM
n = 15

24.7 ± 5.4

9.6± 0.9

80.9 ± 4.0

46.4 ± 1.4

47.9 ± 2.2

14.5 ± 1.3

-1.7 ± 0.8

-1.6 ± 0.6

-2.3 ± 0.6

AFFLUENT
n=9

31.2 ± 4.8

12.4 ± 2.4 •

88.0 ± 6.5 *

48.8 ± 1.7 •

49.6 ± 2.9

15.8 ± 1.6

-0.8 ± 1.2

-0.4 ± 1.0 *

-1.0 ± 1.3 *

TABLE II. BLOOD PARAMETERS

Hb%

WBC TC///I

Neutrophils %

Lymphocytes %

Eosinophils %

ESR mm/hr

SLUM n = 14

8.9 ± 1.6

14557 ± 6477

40.1 ± 13.2

44.7 ± 15.6

10.9 ± 10.3

20.5 ± 18.6

AFFLUENT n = 8

11.3 ± 1.0*

9100 ± 1430 •

37.5 ± 6.5

55.4 ± 6.9

4.8 ± 2.6

12.8 ± 6.0

NORMAL VALUES

10- 14

6 - 15000

32- 52

45- 55

2 - 3

0 - 13

= p < 0.05
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TABLE III. ISOTOPE DOSAGE

INF RATE H13CO3

//mol/kg/hr

INF RATE 13C Leucine
//mol/kg/hr

APE 13CO2(*100)
(leucine inf)

Ra CO2

mmol/kg/hr
13C Leu Oxidation
//mol/kg/hr

% Dose Oxidation

SLUM n = 15

4.73 ± 0.12

15.32 ± 0.18

1.00 ± 0.17

57.28 ± 13.40

5.68 ± 1.40

37.13 ± 9.53

AFFLUENT n = 8

4.64 ± 0.14

15.21 ± 0.10

0.82 ± 0.19

66.66 ± 6.99

5.42 ± 1.25

35.57 ± 8.05
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Figure 1. Example of enrichments seen during the protocol
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0.01
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Figure 2. Mean enrichments
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