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Glutamine 

In critically ill adult patients, glutamine is considered a conditionally essential amino 
acid as endogenous glutamine synthesis may not meet the increased demand. Very 
low birth weight (VLBW) infants may be especially susceptible to glutamine depletion 
because placental supply suddenly ceases at birth, tolerance of enteral nutrition is 
limited and parenteral nutrition does not contain glutamine for solubility and stability 
reasons. Glutamine depletion has negative effects on the functional integrity of the 
gut. Glutamine serves as fuel for enterocytes and provides nitrogen for the synthesis 
of amino sugars, involved in the maintenance of tight junctions and the synthesis of 
mucin. In addition, glutamine is used at a high rate by cells of the immune system, as 
a source of energy, a precursor for protein synthesis and a donor of nitrogen for the 
synthesis of pyrimidines, nucleotides and amino sugars. In recent studies of 
mechanisms of glutamine action, emphasis is not only on the role of glutamine in cell 
metabolism, but also on the role of glutamine in the regulation of cell metabolism. In 
VLBW infants the mechanisms of glutamine action have been hardly investigated. The 
primary aim of this thesis is to determine the effect of glutamine-enriched enteral 
nutrition on clinical outcome in VLBW infants. Furthermore, the role of glutamine-
enriched enteral nutrition in postnatal adaptation of the gut and modulation of the 
immune response is investigated. Finally, the focus is on the long-term effect of 
glutamine-enriched enteral nutrition in VLBW infants. In chapter 1, we describe the 
background and aims of the studies presented in this thesis. 

Glutamine supplementation in very low birth weight infants 

In chapter 2, we describe a randomized controlled trial of glutamine-enriched enteral 
nutrition in 102 VLBW infants. In this study, we investigated the effect of enteral 
glutamine supplementation (in a dose of 0.3 g/kg/d between days 3 and 30 of life) on 
feeding tolerance, infectious morbidity and short-term outcome. We found that 
glutamine-enriched enteral nutrition did not improve feeding tolerance (time to full 
enteral feeding) nor short-term outcome (growth, age at discharge from NICU and age 
at discharge home) in VLBW infants. However, the incidence of serious infections was 
significantly lower in infants receiving glutamine-enriched enteral nutrition. These 
results were not influenced by gestational age, birth weight nor by a low birth weight 
for gestational age. 

In chapter 3, we present a study into the effect of glutamine-enriched enteral nutrition 
on plasma amino acid concentrations in VLBW infants, reflecting one aspect of 
glutamine safety. The results of this study showed that enteral glutamine 
supplementation in a dose of 0.3 g/kg/d between days 3 and 30 of life did not alter 
plasma amino acid concentrations. In particular, plasma glutamine and glutamate 
concentrations were not different between both treatment groups. Therefore, adverse 
effects of glutamine-enriched enteral nutrition are unlikely. Another aspect of safety of 
glutamine-enriched enteral nutrition in VLBW infants includes long-term 

 
 



neurodevelopmental outcome. At the corrected age of two years, neurodevelopmental 
outcome was assessed in 72/88 (82%) infants who participated in the initial trial, by 
means of the Bayley Scales of Infant Development-II. Both the mental and the 
psychomotor development were not different in glutamine-supplemented and control 
groups. 

Mechanisms of glutamine action in very low birth weight 
infants 

As part of the randomized controlled trial of glutamine-enriched enteral nutrition in 
VLBW infants (chapter 2), we performed several studies to elucidate the role of 
glutamine in postnatal adaptation of the gut (intestinal permeability and intestinal 
microflora) and modulation of the immune response (cytokine responses). The lower 
infection rate in VLBW infants receiving glutamine-enriched enteral nutrition, may 
originate from improved intestinal integrity, as reflected by decreased intestinal 
permeability. In chapter 4, we present a study that investigated whether glutamine-
enriched enteral nutrition in VLBW infants enhanced the normal postnatal decrease in 
intestinal permeability, as measured by the sugar absorption test. Decreased 
infectious morbidity in VLBW infants receiving glutamine supplementation was not 
associated with a lower intestinal permeability. Possibly, glutamine supplementation 
only has an effect on intestinal permeability when there is complete glutamine 
depletion and inflammation in the gut. 

The development of the intestinal microflora in VLBW infants is described in chapter 
5 -I. In (V)LBW infants, the colonization by health promoting bacteria is delayed as 
compared to healthy term breast-fed infants (e.g. Bifidobacterium and Lactobacillus 
species). In chapter 5-II, we show that the beneficial effect of glutamine-enriched 
enteral nutrition on the incidence of serious neonatal infections (chapter 2), was not 
associated with increased numbers of bifidobacteria and lactobacilli in the intestinal 
microflora, as determined by fluorescent in situ hybridization analysis of the intestinal 
microflora. In general, the initial number of fecal bacterial groups was low, whereas 
during the course of the study a significant increase was observed. Host-, treatment-, 
and nutrition-related factors may play a role in the development of the intestinal 
microflora in VLBW infants. In our study, antibiotic treatment substantially decreased 
the prevalence of all bacterial groups. Furthermore, we found that stay at a general 
hospital ward (versus stay at a NICU) increased the prevalence of all bacterial groups. 
Antibiotic treatment of the mother prior to delivery, mode of delivery, gestational age, 
birth weight, birth weight <10th percentile, administration of parenteral nutrition and 
particularly exclusive breast milk feeding did not systematically influenced the 
development of the intestinal microflora. We hypothesize that treatment with systemic 
antibiotics has an important negative effect on the development of the intestinal 
microflora in the first weeks of life. Therefore, the effect of breast milk feeding or 
glutamine supplementation may be negligible. 

 
 



The lower infection rate in VLBW infants receiving glutamine-enriched enteral nutrition 
may result from enhanced antimicrobial innate or T helper (Th) type 1 cytokine 
responses. In chapter 6, we demonstrate that glutamine-enriched enteral nutrition in 
VLBW infants did not specifically enhance these Th1 cytokine responses, as 
determined following in vitro stimulation of whole blood cells with anti(α)-CD3/α-
CD28 or LPS. These supraphysiological stimulations resulted in strong cytokine 
responses with large interindividual differences, which may explain why we did not 
find a stimulating effect of glutamine-enriched enteral nutrition on Th1 cytokine 
responses. These results may indicate that immune response patterns are determined 
by individual (genetic) predisposition and are less affected by exogenous factors. 

Follow-up 

In a follow-up study in 77 of 90 (86%) surviving infants, who participated in the initial 
trial (chapter 2), we assessed the incidence of allergic and infectious diseases during 
the first year of life by means of validated questionnaires (chapter 7). The results of 
this study indicate that glutamine-enriched enteral nutrition in VLBW infants between 
days 3 and 30 of life decreased the incidence of atopic dermatitis during the first year 
of life. The lower incidence of bronchial hyperreactivity in the glutamine-
supplemented group approached statistical significance. We hypothesized that 
glutamine-enriched enteral nutrition in the neonatal period may enhance the 
maturation of the immune response and may lead to decreased allergic disease later 
in life. Although glutamine-enriched enteral nutrition lead to a lower rate of serious 
neonatal infections, there was no effect on the incidence of infectious diseases during 
the first year of life. The corrected age of one year may be to early to investigate the 
incidence of allergies and infections, as these diseases can manifest themselves at an 
older age. Long-term follow-up may reveal further differences between glutamine-
supplemented and control groups and may contribute to better understanding of the 
maturation of the immune response and the role of glutamine supplementation in this 
process. 

Conclusion 

Glutamine-enriched enteral nutrition did not improve feeding tolerance or short-term 
outcome in VLBW infants. However, infectious morbidity was significantly lowered in 
infants who received glutamine-enriched enteral nutrition. The decreased infectious 
morbidity in the glutamine-supplemented group was not associated with changes in 
intestinal permeability or microflora nor with altered cytokine responses. Although in 
recent years numerous mechanisms were proposed by which glutamine may improve 
outcome, the exact mechanism of decreased infectious morbidity in patients receiving 
glutamine supplementation is not fully understood. To further elucidate the potential 
beneficial effect of glutamine supplementation in VLBW infants, future research 
should focus on the mechanism by which glutamine might improve intestinal integrity 

 
 



and might modulate the (intestinal) immune response. In addition, future studies 
should evaluate whether subgroups of VLBW infants (e.g. infants at high risk for 
nutritional depletion or inflammation mediated diseases) may especially profit from 
glutamine supplementation. Little is known about the long-term effects of glutamine-
enriched enteral nutrition in VLBW infants. Glutamine-enriched enteral nutrition 
decreased the incidence of atopic dermatitis, but did not significantly decrease the 
incidence of bronchial hyperreactivity or infectious diseases during the first year of life. 
Long-term follow-up will be required to reveal further differences between glutamine- 
supplemented and control groups. 
 
 
 
 
 

 
 




