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Abstract 

In addition to requiring an increased concentration of protein, dietary 
treatments for children during convalescence from malnutrition may require 
additions of selected amino acids to meet increased requirements. 
However, relatively little is known about the quantities of amino acids to use 
in the supplements. This project will test the hypothesis that requirements 
for sulphur-containing amino acids (SCAA) are increased during malnutrition 
and diarrhoea. The primary mechanism by which requirements for SCAA 
might be increased under these conditions are that SCAA maybe restricted 
at the growth plates in bones through shunting of the available sulphur to 
other biological processes with higher physiological priority. In this study, 
evidence of the SCAA being diverted to other uses will be increased rates 
of turnover of glutathione (GSH), a sulphur-containing tripeptide with 
functions including stimulation of lymphocyte production and immune 
function. Further evidence of the diversion of SCAA to GSH and away from 
the larger metabolic pool will be decreased urinary inorganic sulphate 
excretion (ISE), and increased urinary concentrations of proline peptides 
which arise from collagen breakdown. It is expected that appropriate 
supplementation of a standard recovery diet will meet the requirement for 
GSH synthesis, thereby freeing the SCAA for growth plates, increasing the 
incorporation of proline into collagen, and will have the overall effect of 
stimulating growth. 

1. SCIENTIFIC BACKGROUND AND SCOPE OF THE PROJECT 

1.1. Malnutrition and growth failure 

Inadequate weight gain or height gain for age suggest growth failure and 
malnutrition. Children recovering from malnutrition need increased amounts of macro- and 
micronutrients. 

Failure to thrive in growing children has several factors acting in a vicious cycle of 
malnutrition-infection and malnutrition. The understanding of malnutrition remains to be 
more complex than it appeared. Causes include lack of adequate dietary provision of 
protein energy, vitamins and minerals. Even the adequate inputs of nutrients may be 
offset by infectious diseases causing growth faltering. For instance, growth retardation 
is seen when deficit of required nutrients occur by an increased requirement. It has been 
demonstrated that linear growth is dependent on an adequate supply of sulphur-containing 
essential amino acids (SCAA) to maintain generation of epiphyseal growth plates. 
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In Bangladesh, about 55% of 6-59 month-old children are growth retarded in terms 
of height (<90% Ht/Age of NCHS standard) 111- Also the nutrition surveillance report 
(June, 1993) of Helen Keller International shows that children of 6-59 month were 70.7% 
stunted in urban slum and 65% in rural area of Bangladesh [2]. Similaiiy wasting 
(-2SD of Wt/Ht) was prevalent in 19% of these children. 

Growth retarded children present to the Hospital for Sick Children in London with 
intestinal disturbances and to the International Centre for Diarrhoeal Disease Research, 
Bangladesh (ICDDR.B) with acute and persistent diarrhoea. Serious presentation is seen 
in children from developing countries in whom growth retardation is associated with 
increased small intestinal mucosal permeability 13). It is possible that the prolonged 
diarrhoea with malnutrition may reduce availability of SCAA either through increased 
permeability leading to poor absorption or by increasing the demands for SCAA by another 
biological process of higher priority (glutathione turnover). Thus availability of SCAA is 
reduced to growth plates. There is evidence that infections increase glutathione turnover. 

1.2. Alterations in requirements for selective amino acids 

The underlying mechanism by which tht requirement of SCAA might be increased 
are clinical conditions such as diarrhoea and malnutrition. During this period SCAA may 
be utilized through shunting available sulphur to other needs of higher physiological 
priority, limiting availability at growth plates in bones. The sulphur containing amino acids, 
are cysteine and methionine, while cysteine can be made from methionine, not the vice 
versa. 

There is a large requirement for SCAA by bone growth plates for the formation of 
collagen where cysteine residues form stable interchain disulphide bonds [4] 

Cysteine, glycine and glutamate form a tripeptide thiol called glutathione (GSH) that 
exist in most cell types. It activates thiol requiring enzymes, acts as a co-factor, regulates 
microtubule formation and protects cells from oxidative damage. Lymphocyte proliferation 
is dependent on GSH availability [5-9]. By providing more cysteine (which is limiting for 
GSH formation) rich dietary protein there is significant immuno enhancing effect. 

The turnover of glutathione was one of the original applications of in vivo isotope 
dynamic studies 110]. Incorporation of 1 5N- labelled glycine or glutamate into glutathione 
is rapid and in excess of the rate of incorporation into protein. This suggests a rapid 
turnover of the molecule, with consequential high requirement for the three amino acids. 

During increased demand, addition of selective amino acids may enhance growth. 
However, relatively little is known about the quantities of amino acids to meet increased 
requirements. 

The following section summarizes evidences that SCAA's are diverted during 
various pathophysiological conditions. 

(a) Administration of paracetamol to growing rats severely restricted 
bone growth unless extra SCAA was added to the diet. Detoxication 
of paracetamol in rats is done through sulphation for which SCAA 
is limited for other physiological process [11]. 
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(b) In human, paracetamol overdose can be treated with N-acetyl 
cysteine administration to facilitate the sulphation pathway and 
maintain glutathione concentrations. 

(c) Rats injected with Tumour Necrosis Factor (TNFo) demonstrate 
decreased urinary inorganic sulphate excretion (ISE). This is thought 
to indicate SCAA are being diverted into the synthesis of acute-
phase proteins (which fiave a high content of SCAA) and GSH 
production (12, 131. 

(d) Prolonged exposure to agents which suppress growth by limiting 
SCAA may have a secondary effect on the methylAfolate trap [14] 
with a consequential effect on myelination. Such an effect could be 
subacute combined degeneration and could have long-term effects 
on cerebral development. 

1.3. Recent Studws 

A recently completed study at the International Centre for Diarrhoeal Disease 
Research, Bangladesh (ICDDR,B) showed that severe and moderately malnourished children 
had significantly higher intestinal permeability (15]. A large proportion of these children 
were growth retarded as well. There was significant association between growth 
retardation and increased mucosal permeability. During rehabilitation after diarrhoeal 
recovery, the growth rate was slower among those who has higher mucosal permeability. 
An essential micronutrient supplementation (zinc) showed earlier improvement of mucosal 
permeability (16) and higher linear growth of the stunted or growth retarded children (17). 
This could be due to more availability of limiting amino acids. Linear growth could be due 
to better collagen synthesis at the epiphyseal end plates of bone. But the exact 
physiological changes remained unknown. 

A pilot study on failure to thrive children in the Hospital for Sick Children 
demonstrated that a very low inorganic sulphate excretion (ISE) was associated with 
increased small bowel permeability assessed by normallv impermeable disaccharide probe 
(111. The origin of ISE is variable but the major component comprises an end product of 
SCAA. There is a large requirement for SCAA by bone growth plates for collagen 
formation where cysteine residues form stable interchain disulphide bonds. Urine from 
patients with low ISE demonstrated a large excretion of pyridinoline and deoxypyridinoline 
cross links (proline peptide collagen) indicating collagen breakdown in excess of formation 
(Dr. S. Robins, Rewett Research Institute, Scotland]. 

1.4. Related work done in this area. 

(1) The work on sulphate and proline peptides in relation to intestinal 
permeability is underway looking at different nutritional support 
regimes for children with acute and persistent diarrhoea in London 
and Tanzania. 

(2) Work on "N-glycine is underway in volunteers and children with 
persistent diarrhoea particularly inflammatory bowel disease at 
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Hospital for Sick Children (Great Ormond Street, London) and 
Institute of Child Health (London). 

(3) Work on intestinal permeability in acute and persistent diarrhoea 
patients in ICDDR,B Bangladesh has been completed. There has 
been significant improvement in permeability with zinc 
supplementation and increase in linear growth at the rehabilitation 
phase. Absorption and permeability studies are underway at 
ICDDR.B in collaboration with Institute of Child Health (London). 

2. METHODS 

2.1. Hypothesis 

The project will test the hypothesis that requirements for sulphur containing amino 
acid (SCAA) are increased during malnutrition and diarrhoea to sustain optimal growth. 

Intestinal disorders which lead to an increased permeability of the small bowel, 
cause absorption of intestinal toxins and these toxins stimulate cytokine production 
(including TNFa) causing diversion of SCAA into GSH synthesis and suppression of bone 
growth. 

Supplementation of a standard refeeding diet with sulphur containing amino acids 
is necessary to meet requirements for sulphur under conditions of growth faltering, 
diarrhoea and increased intestinal permeability. 

2.2. Specific aims to investigate the hypotheses 

(1) Increased intestinal permeability during diarrhoea in Bangladeshi 
children is associated with increased requirement for SCAA which 
can be detected by measurement of increased rates of incorporation 
of 15N-glycine into glutathione. 

(2) Changes in SCAA metabolism are associated with decreased urinary 
sulphate and increased excretion of proline peptides from collagen. 

(3) Rates of turnover of SCAA would change as intestinal permeability 
improves during different dietary levels of SCAA in nutritional 
regimes. 

2.3. Selection of Patients 

Patients with persistent diarrhoea (> 2 weeks duration) aged between 4 and 18 
months with growth retardation (Ht/Age <95% NCHS standard) will be recruited at 
ICDOR.B Hospital in Dhaka. They will be assessed for low ISE secretion and high mucosal 
permeability of small intestine. Children will be classified into low and normal ISE 
excretions in urine. 
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2.4. Randomization 

Each group will be randomly allocated into two sub-groups. 

2.5. Dietary 

One sub-group will receive a dietary supplement of a SCAA rich protein source and 
the other sub-group a isonitrogenous standard diet. They will receive normal clinical 
management. 

2.6. Protein metabolism 

2.6.1. 

Before and at six woeks after the supplementation the children will receive regular 
drinks (15 minute) containing 15N-glycine (2 ml/kg/hr) over 10 hours to mimic a constant 
enteral infusion. One pre dose capillary blood and urine sample will be taken at 9 and 102 
hours. 

2.6.2. 

Incorporation of 15N-glycine in plasma and red cell glutathione will be assessed using 
isotope methods and gas chromatography/mass spectrometry. Glutathione turnover will 
be calculated. 

Urine will be assessed for 1 5N enrichment of urea and ammonia which will be used 
as an assessment of body protein turnover. This variable will be used as a control variable 
against which GSH turnover can be assessed. 

2.7. Biochemical and isotope estimations 

2.7.1. Homocysteine estimation by HPLC fShimadzu) 

Urine peptide estimation by HPLC (waters) 
15N-glycine, 15N-glutathione by GC-MS (Fisons VC) 
Analysis of metabolic balance for nitrogen, sulphate (Micromass Ratio MS). 
Analysis of Lactulose and Mannitol for permeability (Cobas Bio) 

2.7.2. Outcome 

The following direct measurements will be made. 

(1) Rate of 15N-glycine incorporation into plasma and red blood cell 
glutathione. 

(2) Rate of body protein turnover. 
(3) Growth plate activity by urinary proline peptide and urinary inorganic 

sulphate excretion. 
(4) Somatic growth. 
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2.7.3. Dependent variables 

The direct measurements will be used to describe relationships between the 
following variables: 

(1) Nutritional status /growth failure 
(2) Permeability and growth failure 
(3) Zinc-permeabi!ity 
(4) Growth-zinc 
(5) Permeability-growth 

2.8. Growth plate activity 

An index of growth plate activity will be assessed by measurement of urinary 
metabolites derived from collagen catabolrsm (pyridinoline cross linked peptides). Ten 
patients from each sub-group will be assessed for this. 

2.9. Folate status 

Folate status of these patients will be studied before and after supplementation with 
SCAA containing diets. Folate status is extensively associated with failure to thrive. 
Plasma homocystine will be measured for this purpose (R. Surtees). Another 30 children 
in each group will be studied. 

2.10. Sample Size 

Forty malnourished children with persistent diarrhoea will be studied in each group 
to a total of 80 children. They will be given dietary regimens of higher and lower SCAA. 
Patients will be followed up at two weekly interval for recovery from growth retardation. 
Ethical Committee approval and parents consent will be obtained beforehand. 

3. INSTITUTIONAL RESPONSIBILITIES 

3.1. Work at ICDDR.B 

Work at ICDDR.B will include patient recruitment, diet formulation, feeding, dietary 
analyses, isotope administration and sample collection and permeability probe sugar 
estimation. 

3.2. London 

Work in London will include isotope measurement, glutathione estimation, urinary 
inorganic sulphate excretion measurement and plasma homocystine estimation. 
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TABLE I. HIGH SULPHUR-CONTAINING DIET: EGG BASED 

~ " — 
Ingredient 

(per kg body weight) 
Weight 

(g) 
Protein 

(g) 
Nitrogen 

(g) 
Fat 
(g) 

______„_ 
Energy 

Kcal 
Rice 160 g 11.2 1.80 - 560 

Egg White/Egg Whole 200g 26.6 4.26 26.6 360 

Oil 20g - 20.0 180 

Total 37.8 6.06 46.6 1100 

|PER 13.7% PER 38% SCAA 7.272g | 

TABLE II. HIGH SULPHUR-CONTAINING DIET: CHICKEN BASED 

Ingredient 
(per kg body weight) 

Weight 
(g) 

Protein 
(g) 

Nitrogen 
(g) 

Fat 
(g) 

Energy 
Kcal 

Rice 160 g 11.2 1.80 - 560 | 

Chicken 150g 27.0 4.36 - 150 | 

| Oil 38g - - 38 342 | 

Total 38.2 6.12 38 1052 | 

[ | PER 13.5% | PER 38% | SCAA 4.59g | 

TABLE III. LESS SULPHUR CONTAINING AMINO ACID DIET 

i Ingredient 
| (per kg body weight) 

Weight 
(g) 

Protein 
(g) 

Nitrogen 
(g) 

Fat 
(g) 

Energy 
Kcal 

Rice 160 g 11.2 1.80 - 560 | 

Dal 100g 25.0 4.0 - 340 

Oil 46g - - 25.0 225 

Total 36.2 5.8 25.0 1125 

| PER 13.7% PER 38% SCAA 7.272g 

•PER = Protein Energy Ratio, PER = Fat Energy Ratio; SCCA = Sulphur containing 
Amino acids (Cysteine + Methionine) 
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