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Adaptation intestinale au stress nutritionnel 

RESUME 

La muqueuse de l’intestin gritle represente une barriitre entre le contenu intraluminal et 
le milieu interieur. Elle intervient dans l’hydrolyse des aliments, l’absorption des 
nutriments et la ddfense immunitaire. L‘ensemble de ces fonctions est assuree par 
differentes types cellulaires tels que les enterocytes, lymphocytes, macrophages ou 
fibroblastes. Bien que cette muqueuse soit extremement fragile, elle possede un 
potentiel d’adaptation rapide en rkponse aux changements de I’ttat nutritionnel. Cet 
article se base essentiellement sur des travaux experimentaux qui portent sur les 
rkponses adaptatives de la muqueuse accompagnant les modifications de 1’Ctat nutri- 
tionnel et plus particulierement celles se produisant lors du sevrage, du jeiine et de la 
rkalimentation, ainsi que lors de la nutrition parenterale exclusive. Au sevrage, Ie 
passage de l’alimentation lactee riche en lactose a un regime riche en polysaccharides 
s’accompagne chez le rongeur, d’une modification importante dans l’expression de deux 
hydrolases de la bordure en brosse des entkrocytes, la lactase (EC 3.2.1.23) et la 
saccharase (EC 3.2.1.48). L’activitC de la lactase qui reste Clevee pendant la periode 
d’allaitement chute au moment du sevrage alors que la saccharase absente de l’intestin 
pendant l’allaitement apparait au moment du sevrage et augmente rapidement. L‘dvol- 
ution de ces enzymes est partiellement sous le contrble des hormones thyroidiennes et 
corticoides. De plus, les modifications dans I’expression de la lactase peuvent Ctre 
avancees ou retardees en fonction de la date a laquelle les animaux sont sevrks. Ces 
modifications sont regulees principalement au niveau post-transcriptionnel. Au cours du 
sevrage, l’apparition de la saccharase est regulke 2 la fois au niveau transcriptionnel (par 
les corticoides) et au niveau post-transcriptionnel (par le saccharose). Chez l’adulte, 
l’administration orale de sucrose induit rapidement B la fois une augmentation du taux 
d’ARNm et de la synthese de la saccharase. En revanche I’administration de lipides 
conduit B une diminution de I’activite de l’enzyme consecutive a une degradation plus 
importante de la molecule enzymatique au niveau de la bordure en brosse par les 
proteases pancreatiques presents dans la lumiitre intestinale. Le jeiine, dans les premiers 
jours, s’accompagne d’une hypoplasie et d’une hypotrophie de la muqueuse intestinale 
associee B une baisse de l’expression et  de la synthese des protooncogitnes c-fos et c-jun, 
ainsi qu’h une altCration fonctionnelle avec reduction de I’activitC des hydrolases de la 
bordure en brosse, 2 l’exception de la lactase. Ces alterations sont rapidement reverskes 
au cours de la rkalimentation. Les capacites d’adaptation de I’intestin a la rdalimentation 
diminuent avec l’ige et interessent plus particuli6rement l’intestin proximal. 

La nutrition parenterale totale qui permet de maintenir un apport 6nergCtique normal 
s’accompagne chez l’animal, d’altkrations morphologiques et  fonctionnelles importantes: 
hypoplasie et hypotrophie, chute de I’activitC des hydrolases B l’exception de la lactase, 
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diminution de la motilite et de la reponse immune. L’importance de ces alterations est 
liee ri la composition relative des nutriments presents dans le melange nutritif. La 
presence de lipides semble Ctre indispensable a la preservation de la trophicite 
intestinale. Un certain nombre de nutriments specifiques tels que la glutamine, les 
nucleosides et nucleotides, les acides gras 2 chaine courte (butyrates) pourraient avoir 
des effets benefiques sur la muqueuse intestinale au cours d’une alimentation 
parenterale. Cependant l’effet positif de ces nutriments n’est pas demontre lorsqu’ils 
sont associes a un melange nutritif contenant des lipides. Les implications cliniques de 
ces observations sont presentees et les perspectives d’une therapeutique nutritionnelle 
sont discutkes. 

The intestinal mucosa represents a major interface between host and environment. Food 
is an important stimulus for the growth of the intestinal mucosa. The mucosal cells 
regulate the entry of ingested nutrients and defend against a multitude of potentially 
noxious agents present in the lumen. The intestine is unique in its ability to adapt rapidly 
in response to nutritional stress which is caused by abrupt dietary changes acting either 
directly or indirectly through diet-regulated systemic factors. 

The mucosal epithelium of the small intestine consists of well-organized villi and crypts 
supported by microvascular, lymphatic, and connective tissues of the lamina propria and 
submucosa. In addition, other cellular elements, including lymphocytes, macrophages 
and fibroblasts perform specialized functions in order to preserve mucosal integrity 
(Williamson, 1978). The adaptive response of the small intestine takes place at multiple 
levels. The epithelial cells undergo rapid renewal along the crypt-villus axis. Cell division 
is confined to the crypt. The epithelial cells migrate along the villus axis and during this 
migration the cells mature morphologically and functionally, with the progressive 
development of microvilli at the apical surface and the appearance of digestive enzymes. 
Under normal circumstances there is a balance between the extrusion at the tip of the 
villus and proliferation in the crypt. In adult rodents, cell migration from the crypt to the 
villus tip requires 2-3 d; in man, it requires 3-6 d (Lipkin, 1987). This balance is modified 
by nutritional status and also with ageing. 

Several factors influence, indirectly or directly, intestinal function and intestinal 
integrity during food consumption. The intestinal mucosa is affected not only by 
hormones such as growth hormone, thyroid hormones, glucocorticoids or insulin, but 
also by a multiplicity of other factors brought into play by the ingestion of food: 
gastrointestinal peptide release, biliary and pancreatic secretions, changes in intestinal 
blood flow, innervation, changes in motility etc. The presence of food in the intestinal 
lumen directly affects villus desquamation and enterocyte metabolism and modulates 
mucosal growth (Johnson, 1987). 

The intralumen chyme contains not insignificant amounts of polyamines (putrescine, 
spermidine and spermine) which stimulate mucosal growth when absorbed by entero- 
cytes (Osborn & Seidel, 1990). In addition, the nutrients, especially amino acids, 
resulting from intralumen digestion by pancreatic enzymes activate the endogenous 
synthesis of polyamines by stimulating the activity of ornithine decarboxylase (ODC; EC 
4.1.1.17). Intracellular polyamine mobilization through exogenous sources and from 
endogenous synthesis and catabolism is an important way to maintain intestinal growth 
(Rajeev er al. 1987). 
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The terminal and limiting step of intralumen digestion is achieved by hydrolase 
molecules anchored in the brush-border membrane of mature enterocytes by a small 
hydrophobic sequence. The hydrolase molecule is a glycoprotein carrying one or two 
active sites floating in the lumen in direct contact with the nutrients and also with 
bilio-pancreatic secretions (Ahnen et al. 1983; Mantei et al. 1988). 

In addition to its digestive function the intestinal mucosa constitutes a barrier between 
the non-sterile lumen and the sterile interior of the body. During pathological states such 
as septic shock or  trauma the intestinal mucosal barrier may be impaired or broken down 
completely after local ischaemic injury. As a consequence the possibility of bacteria and 
toxins invading the body is greatly enhanced. The response of the defence systems to this 
invasion may become exacerbated and uncontrolled and may ultimately result in the 
development of a multiple organ failure syndrome (Haglund, 1994). Lumen nutrients 
participate in the protection of this barrier under normal nutritional and physiological 
conditions. 

The present review discusses mainly experimental studies that have evaluated the 
adaptive responses of the small intestine to various changes in the nutritional status. Our 
particular focus is on the consequences of modifications in diet composition, of starvation 
periods followed by refeeding and of altering the route of diet delivery (enteral v .  
parenteral) on the digestive and barrier functions of the small intestine. Finally, we 
address the clinical implications of some experimental data sustaining the concept of 
nutritional therapy. 

ADJUSTMENTS TO CHANGES IN DIET COMPOSITION 

Weaning period 

The weaning period in rodents shows coordinated changes in behaviour and metabolism 
in association with modifications of the hormonal and nutritional status (Henning, 1981). 
Important changes occur in the intestinal mucosa of rodents at the weaning period (3rd 
week of postnatal life) when the neonates switch from milk to an adult-type diet, from a 
diet containing lactose to a diet rich in polysaccharides but with no lactose. In parallel 
with these dietary changes the hydrolase activity of the brush-border membranes of the 
enterocytes is profoundly modified. Lactase (EC 3.2.1.23) activity which is maximum at 
birth and elevated during the suckling period decreases to low basal adult levels at 
weaning, whereas sucrase (EC 3.2.1.48) which is absent from the intestine during the 
suckling period appears in the intestinal mucosa at weaning. It is tempting to attribute 
the control of these enzymic modifications directly to the changes in diet composition. In 
fact it has been shown that the modifications in enzyme expression at weaning depend on 
the ontogenetic programme that controls the postnatal development of the small 
intestine (Kendal et al. 1969; Ferguson et al. 1973; Montgomery et al. 1981). Dietary and 
hormonal changes may act as regulators of this ontogenetic programme. This is 
supported by the observation that: (1) the postnatal evolution pattern of circulating 
thyroxine and cortiscosterone parallels the changes in lactase and sucrase activities 
(Henning, 1981); (2) exogenous administration of thyroxine causes a precocious 
decrease in lactase expression in the intestine of suckling rats (Freund et al. 1991a,b), 
whereas exogenous administration of hydrocortisone leads to a premature appearance of 
sucrase activity (Doell & Kretchmer, 1964). 

By changing the dietary conditions it is possible to modulate the expression pattern of 
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lactase. Premature weaning by feeding an adult-type diet to suckling rats induces a 
precocious disappearance of lactase mRNA in the distal small intestine together with an 
accelerated decrease in lactase activity. Premature weaning leads to the appearance of an 
adult phenotype in the intestinal epithelial cells (Duluc et al. 1992). On the other hand, 
prolonged nursing of suckling rats delays the decrease in lactase activity and the decay in 
lactase mRNA in the distal small intestine (Duluc et al. 1992). These findings show that 
the ontogenic decline of lactase can be promoted or delayed by changing the time at 
which the rats switch over from milk to the adult-type diet; these dietary changes exert a 
post-transcriptional control on lactase expression. 

The appearance of sucrase mRNA and activity can be induced prematurely by 
isolating the pups from their dam and by food deprivation (Nsi-Emvo et af. 1994). This 
occurs despite the general decline in intestinal protein synthesis caused by food 
deprivation in pups (Burrin et al. 1991a). The starvation-evoked expression of sucrase is 
preceded by changes in the level of endogenous glucocorticoids occurring in parallel with 
an early transient enhancement of ODC expression, followed by an increase in mucosal 
polyamine content and by a transient burst of expression of the protooncogene c-fos. The 
premature induction of sucrase expression, which is regulated at the level of gene 
transcription, is dependent on changes in polyamine metabolism that can be elicited by 
endogenous changes in circulating glucocorticoids, which are modulated by the nu- 
tritional status of the pups (Nsi-Emvo et al. 1996). Precocious and transient expression of 
sucrase has been obtained also by feeding the pups with polyamines (Georges et al. 
1990). 

In the adult 

In the small intestine of the adult rat, a rapid stimulation of sucrase activity can be 
induced by dietary alteration. Oral administration of sucrose causes an increase in both 
sucrase mRNA accumulation and sucrase activity, the major response being obtained in 
the cells located in the lower villus (Raul et al. 1980, 1982h). Within 3 h of consumption 
of a sucrose-containing diet, the activity and the amount of sucrase mRNA increase in 
the jejunum, indicating that this effect is mainly caused by de n o w  synthesis of enzyme 
molecules (Broyart et al. 1990). 

On the other hand, animals fed on diets rich in protein (Goda et al. 1988) or rich in fat 
(Takase & Goda, 1990; Goda & Takase, 1994) exhibit lower sucrase activity, resulting 
from increased lumen degradation of the enzyme molecule by pancreatic proteases. 
Diets rich in protein or peptides induce both aminopetidase catalytic activity and enzyme 
synthesis (Reisenauer & Gray, 1985; Raul et al. 1987). 

INTESTINAL ADAPTATION T O  STARVATION-REFEEDING 

Intralumen food constitutes the primary stimulus for intestinal growth. When food is 
withheld an adaptive response rapidly occurs. After a short period of fasting (2-3 d) the 
observed mucosal alterations are characterized by villus hypoplasia, reduced mucosal 
mass, DNA synthesis and crypt cell production rate, ODC activity and putrescine 
content (Brown et al. 1963; Clarke, 1975). A reduction in the brush-border-membrane 
hydrolase activities is observed for all hydrolases within 24 h of starvation, except for 
lactase which exhibits increased activity (Raul er al. 1982a). This suggests that systemic 
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factors exert more control on lactase activity than do the amounts of nutrients. In fact, it 
has been shown that lactase is under the negative control of thyroid hormones in the rat 
and that the reduction of circulating thyroxine during fasting may trigger the elevation of 
lactase activity (Raul et al. 1983). Differential changes occur in brush-border amino acid 
transport during a 3 d period of food deprivation. The transporters for glutamine and 
arginine decrease, but the transporters for alanine and leucine are maintained. These 
differences may be related to the need for gluconeogenic precursors during fasting (Sarac 
et al. 1994). Starvation changes the fluidity of the brush-border membrane, which in turn 
facilitates enhanced D-glucose transport across the intestinal epithelial cell membranes 
(Gupta & Waheed, 1992). 

The alterations induced by the fasting state reverse rapidly when refeeding is initiated 
(Williamson, 1978). In rats fasted for 4 d and then refed on a standard diet for up to 48 h, 
the pattern of lactase mRNA expression along the small intestine shows striking 
differences. Starvation initiates the expression of the transcript in the distal part of the 
small intestine and also a higher level of expression in the proximal small intestine. 
Refeeding restores the distribution of lactase mRNA observed in ad lib. -nourished rats 
within 24 h, reflecting a return of the villus phenotype to the normal fed state (Freund 
et al. 1991~ ;  Hodin et al. 1994). These findings strongly suggest that control at a 
pre-translational level (transcriptional rates andlor mRNA half-lives) is involved in the 
changes in lactase mRNA expression induced by starvation-refeeding. 

Immediate early genes are induced very rapidly following the growth stimulus, and 
their expression occurs independently of new protein synthesis. The protooncogenes 
c-fos and c-jun are among the group of genes which have been found to be part of the 
immediate early response in various cell types. A 4 d fast causes a dramatic reduction in 
the amount of c-fos and c-jun mRNA in the intestinal mucosa. Refeeding quickly induces 
an increase in the expression of both protooncogenes, which is observed within 2 h of 
refeeding (Hodin et al. 1994). This early increase reflects the mitogenic response to 
refeeding that occurs within the crypt compartment. 

The trophic effects of different dietary nutrients on mucosal adaptation have been 
studied in adult rats subjected to a 4 d fast and refed with an isoenergetic diet containing 
either protein, starch or lipids (Buts et al. 1990). Lipids exert the strongest stimulatory 
effect on mucosal morphology, the length of the villus is completely normalized within 24 
h after refeeding is initiated. Normal lactase activity is also achieved within 24 h,  the 
lipid diet being more efficient than protein or carbohydrates in restoring the normal 
phenotype of nourished control rats. Stimulation of aminopeptidase and sucrase is 
observed with their respective substrates (protein and carbohydrate) and refeeding with 
lipids provokes a decrease in sucrase activity, which corroborates the findings of Goda & 
Takase (1994) of an accelerated degradation of the enzyme molecule by pancreatic 
proteases with a high-lipid diet. 

Effects of ageing 

The digestive capacities of the intestinal mucosa of healthy animals are not significantly 
altered during ageing (Thompson & Keelan, 1986). However, it has been reported that 
ageing in Fischer rats is associated with increased crypt-proliferating zones, with higher 
basal levels of ODC activity and polyamine content (Holt et al. 1988; Yoshinaga et al. 
1993). Young and senescent Fischer rats fasted for 3 d exhibit a substantial drop in 
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mucosal ODC activity and putrescine content in the proximal small intestine. Reinstating 
a standard diet increases ODC activity by 17-fold in young rats within 2 h but only by 
8-fold in aged rats. Similarly the putrescine content of the mucosa increases much less in 
aged rats with refeeding (Yoshinaga et al. 1993). Functional adaptation to refeeding is 
also impaired in the ageing animal. In young and aged Wistar rats fasted for 2 d the 
sucrase and aminopeptidase activities were diminished. The adaptive capacities of the 
hydrolases to the changes in the diet composition during refeeding are strikingly deficient 
in the proximal intestine of aged rats. However, these proximal deficiencies are 
compensated by enhanced ileal functions (Reville et al. 1991). 

INTESTINAL ADAPTATION TO TOTAL PARENTERAL FEEDING 

Total parenteral nutrition (TPN) can be defined as the technique by which all nutrients 
necessary to sustain life are administered intravenously. This technique is used exten- 
sively in patients who are unable to achieve adequate oral intakes of nutrients. The route 
of nutrient delivery, diet composition and the availability of specific nutrients all have a 
significant impact on mucosal morphology and physiology. After 3 d, the small intestine 
of rats fed by TPN exhibits a rapid reduction in villus height, mucosal thickness, N, DNA 
and RNA contents despite the maintenance of normal energy intake (Johnson et al. 
1975; Hughes & Dowling, 1980). 

Alterations in mucosal function occur simultaneously with changes in intestinal 
morphology. A decrease in brush-border disaccharidase activity occurs secondary to 
mucosal atrophy, and intravenously-fed animals have lower total intestinal sucrase 
activities (Levine et al. 1974). However, as in the starved state, the total activity of 
lactase is not reduced (Czernichow et al. 1992). Rats nourished by TPN show reduced 
intestinal motility and inhibition of hexose absorption, while intestinal absorption of 
glycine or of the dipeptide glycylglycine is not significantly affected after 2 weeks of TPN 
(Miura et al. 1992). 

It has been reported that rats receiving TPN have increased levels of bacterial 
translocation compared with animals fed orally on a standard diet (Alverdy et al. 1988). 
It is likely that intestinal barrier dysfunction and bacterial translocation during intra- 
venous feeding is related to factors other than the development of gut atrophy (Helton & 
Garcia, 1993). Enhanced bacterial translocation during TPN in rodents occurs pre- 
sumably as a result of an increase in the population of caecal anaerobes and of a 
decreased secretion of intestinal immunoglobulin A (Alverdy et al. 1985). 

It is noteworthy that one report (Guedon et al. 1986) shows there is no clinical 
evidence that the human gut becomes atrophic during TPN. However, functional 
alterations characterized by reduced microvillus length and brush-border enzyme 
activities have been observed also. On the other hand, it has been reported that mucosal 
atrophy similar to that in animals occurs in human subjects, as shown by gross and 
microscopic examination of resected segments after a prolonged course of TPN (Inoue 
et al. 1993). Clinically, intestinal atrophy in the human subject is often first recognized 
during attempts to initiate an enteral diet after a course of TPN, when diarrhoea and 
malabsorption can be significant problems (Wilmore et al. 1988). 

The composition of nutrients present in the TPN mixture has a significant influence on 
intestinal morphology. Administration of a TPN mixture to animals for 1 week, results in 
a reduction in villus height in the jejunum of 56% when the mixture includes 
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dextrose, electrolytes and vitamins (Grant & Snyder, 1988). When amino acids are 
included the reduction in villus height is 35-38% (Hwang et al. 1987). When the mixture 
contains carbohydrates, amino acids and lipids the reduction in the villus height is then 
limited to 16-22% (Grant & Snyder, 1988; Bark et al. 1994). 

Specific supplementations 

It has been shown that there is no evidence for diminution in the endocrine responses of 
the adult intestinal tract after prolonged TPN (Greenberg et al. 198l), and mucosal 
atrophy during TPN may be related to the absence of specific energy substrates. 

Traditionally, glucose was considered to be the main fuel source for enterocytes, but 
studies in the 1970s suggested that it was in fact glutamine that provided a major 
proportion of the energy required by the intestinal mucosa (Windmueller & Spaeth, 
1974). Glutamine has been recognized as an important oxidative fuel for enterocytes 
(Windmueller & Spaeth, 1978). Commercially-available amino acid solutions used in 
formulations for TPN do not contain glutamine, due to its instability in aqueous solutions 
and the formation of toxic compounds during sterilization (Adibi, 1989). Glutamine 
supplementation of TPN solutions leads to apparently contradictory results. When the 
TPN mixture does not contain lipids , glutamine supplementation produces a positive 
effect. It has been shown under these conditions that glutamine or branched-chain amino 
acids (valine, leucine, isoleucine), or the administration of glutamine as the dipeptide, 
alanyl-glutamine, improve jejunal morphology by reducing the TPN-induced mucosal 
atrophy in rats (O’Dwyer et al. 1989; Tamada et al. 1992; Plattell et al. 1993). However, 
when the TPN contains lipids, glutamine supplementation has no influence on intestinal 
growth and development in infant piglets and no beneficial effects on the intestinal 
mucosa of adult rats (Burrin et al. 1991h; Bark et al. 1994). Therefore, the effects of 
glutamine on mucosal atrophy and growth depend on the composition of the TPN 
mixture (presence or absence of lipids) supplied during parenteral feeding, and the 
physiological advantages of glutamine supplementation for an otherwise-healthy 
intestine remain questionable. 

Dietary nucleosides contribute to mucosal growth and to maturation of the developing 
gut in the rat (Uauy et al. 1990). Dietary nucleotides enhance intestinal repair in rats with 
chronic diarrhoea (Nunez et al. 1990). Positive effects on the intestinal mucosa of 
supplementation of TPN solutions with nucleosides and nucleotides have been reported 
only in the absence of lipids. Under those conditions it has been shown that supplemen- 
tation with a source of purines and pyrimidines exerts a more trophic effect on the 
mucosa than glutamine (Iijima et al. 1993) and stimulates the proliferative activity of 
crypt cells, improving mucosal maturity and integrity during TPN (Tsunjinaka et al. 
1993). 

From studies reported previously, lipids seem to be an essential component of the TPN 
mixture in order to maintain mucosal growth. Changing the lipid composition of the TPN 
mixture may be one approach in order to reduce the hypotrophic effects of TPN on the 
mucosa. In this regard, medium-chain triacylglycerols (MCT) have physiological advan- 
tages over long-chain triacylglycerol (LCT); they represent a high-energy fuel rapidly 
transported and oxidized in tissues that is less likely to be deposited (Bach et al. 1982). 

Enteral or parenteral administration to rats of the same nutritive mixture differing in 
the lipid composition, MCT:LCT (5050,  w/w) or LCT, for 7 d shows that there is no 

https://doi.org/10.1079/PNS19960029 Published online by Cambridge University Press

https://doi.org/10.1079/PNS19960029


286 F. R A U L  AND R .  SCHLEIFFER 

prevention of the villus hypotrophy and the functional deficit observed during TPN with 
the diet containing MCT. However, enteral infusion of the diet containing MCT 
stimulates the epithelial cell renewal specifically in the proximal intestine where the MCT 
are preferentially absorbed (Galluser et al. 1993). 

CLINICAL IMPLICATIONS: NUTRITIONAL T H E R A P Y  

Artificial nutrition is essentially used in patients in order to restore a balanced nutritional 
state. It appears that nutrition can be used as a primary therapy for the disease process 
itself. In such a way, specific nutrients delivered by either the enteral or parenteral route 
may have several beneficial effects on intestinal structure and function in pathological 
states. TPN has been used as a primary therapy for inflammatory bowel disease (Steiger 
et al. 1969). It has been shown that therapy with an elemental diet is comparable with 
steroid therapy in Crohn’s disease (Hunt et al. 1989). 

Among the short-chain fatty acids, the butyrates are the preferred substrates for 
colonic epithelial metabolism (Roediger, 1980), and nutritional therapy using ferment- 
able fibres as the lumen source of butyrates has shown accelerated healing of inflamed 
colonic mucosa (Rolandelli et al. 1988). 

In other pathological states, dietary supplementations with specific amino acids 
showed beneficial effects. Arginine given to patients by either enteral or parenteral 
routes acts by improving N balance, accelerating wound healing and restoring depressed 
immunity (Cynober, 1994). Enteral administration of arginine in an experimental model 
of intestinal ischaemia does not prevent the ischaemic damage but strikingly accelerates 
the recovery of the mucosa through enhanced production of endogenous polyamines and 
NO. The arginine-derived NO appears as an important mediator in the restitution of 
intestinal mucosa after ischaemia by minimizing cell injury during re-perfusion (Raul 
et al. 1995). 

CONCLUSIONS 

The development and use of nutritional formulas in pathological states and abnormal 
gastrointestinal function has led to the availability of diets which do not maintain normal 
gut physiology or function. Those diets are absorbed better, but at the expense of 
maintaining vital mucosal function such as epithelial integrity and immune activation. 
The role of supplementing elemental diets with specific nutrients such as arginine, 
glutamine, ornithine, polyunsaturated fatty acids or short-chain fatty acids, needs to be 
better defined. Research into the mechanisms by which these nutrients modulate the 
functional adaptation and the neuro-endocrine immune function of the gastrointestinal 
tract is needed. Future research efforts will probably result in the formulation of diets 
administered enterally or parenterally in which some defined nutrients are used as 
specific ‘drugs’ in order to promote protection and healing of the mucosa, and/or to 
modulate the immune responses. 
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