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Abstract: Glutamine, a conditionally essential amino acid, is consumed predominantly in the gastrointestinal tract as  

a source of energy, particularly under the conditions of trauma, sepsis and surgery. In this article, we discuss the unique 

role of glutamine in the preservation of epithelial barrier function in the gastrointestinal tract. Glutamine supplementation 

protects the gastrointestinal mucosal homeostasis during total parenteral nutrition, diarrhea, radiation injury, starvation, 

sepsis and trauma. A significant body of evidence indicates that glutamine preserves the gut barrier function and prevents 

permeability to toxins and pathogens from the gut lumen into mucosal tissue and circulation. Recent studies demonstrated 

that the mucosal barrier protective effect of glutamine relates to its effect on preservation of epithelial tight junction  

integrity. The current understanding of glutamine-mediated protection of intestinal epithelial tight junction integrity and 

the potential mechanisms involved in this protective effect of glutamine are discussed.  
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INTRODUCTION  

 In addition to its important role in digestion, absorption 
and secretion, the gastrointestinal epithelium serves as a bar-
rier to the diffusion of toxins, allergens and pathogens from 
the luminal contents into the interstitial tissue. Barrier dis-
ruption and diffusion of noxious substances are known to 
induce mucosal inflammation and tissue injury. In fact, the 
disruption of gut barrier function plays a crucial role in the 
pathogenesis of numerous gastrointestinal diseases such as 
inflammatory bowel disease (IBD), irritable bowel syndrome 
(IBS), celiac disease and infectious enterocolitis. The spe-
cialized junctional complexes called tight junctions provide 
the intestinal epithelial barrier function. Loss of tight junc-
tion integrity and increased intestinal permeability to mac-
romolecules are associated with the pathogenesis of IBD, 
IBS and celiac disease. Mucosal protective factors such as 
growth factors and nutrients preserve the gut barrier integrity 
and are beneficial in the treatment of various gastrointestinal 
diseases. L-Glutamine the most abundant amino acid in 
blood plays a vital role in the maintenance of mucosal integ-
rity. Glutamine is traditionally termed as a nonessential 
amino acid, is now considered a "conditionally essential" 
amino acid. Its consumption in small bowel mucosa exceeds 
the rate of production during catabolic stress such as trauma, 
sepsis and post surgery [1, 2]. In the small bowel mucosa, 
glutamine is an unique nutrient providing fuel for metabo-
lism, regulating cell proliferation, repair and maintaining the 
gut barrier functions [3]. The focus of this article is on the 
role of L-glutamine in the preservation of gut barrier func-
tion and the epithelial tight junction integrity and gut barrier 
function.  
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L-GLUTAMINE, THE MOST ABUNDANT AMINO 

ACID IN THE BIOLOGICAL FLUIDS  

 L-Glutamine is an amide of glutamic acid with amine as 

the functional group. It is the most abundant amino acid in 
both intracellular and extracellular compartments produced 
by the action of glutamine synthase as it is required for num-
ber of cellular functions. The intracellular concentration of 

L-glutamine range from 2 mM to 20 mM [2], where as its 
concentration in extracellular fluid and plasma is about 0.7 
mM [4, 5]. The plasma concentration of L-glutamine is sig-
nificantly reduced under the conditions of extraneous exer-

cise [2, 6, 7] and under severe shock and trauma [8, 9]. Al-
though adequate glutamine is produced in the body to main-
tain the normal physiological functions in the cell, the deple-
tion of glutamine under conditions of exercise and stress 

makes the body depend on exogenous glutamine to supple-
ment the body glutamine pool to meet the requirement. 
Therefore, L-glutamine is a conditionally essential amino 
acid [1].  

L-GLUTAMINE HAS MULTIPLE PHYSIOLOGICAL 
FUNCTIONS  

 Glutamine plays multiple roles in the maintenance of 
physiological homeostasis of diverse organs and cell types. It 
is best known for its ability to serve as a source of fuel for 
the cells such as enterocytes, renal epithelial cells, hepato-
cytes, neurons, immune cells, -cells of pancreas [3]. Glu-
tamine metabolism plays multiple roles in nitrogen balance, 
regulation of glucose metabolism and acid base homeostasis. 
It is quantitatively the most important donor of ammonia in 
kidney and liver, and plays a role in maintaining the acid-
base balance of body fluids. Alkalosis with elevated ammo-
nia level is associated with increased production of  
glutamine, while during acidosis glutamine is broken down 
to glutamate and ammonia serving to elevate plasma pH  
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[10-12]. It is a major transporter of nitrogen from the sites of 
synthesis (skeletal muscle, liver and lung) to the sites of 
utilization (kidney, intestine, neuron and immune cells) and 
serves as a nontoxic ammonia shuttle in the body [13, 14].  

 Glutamine is utilized at a high rate in rapidly dividing 
immune cells and promotes many functional activities of 
immune cells such as T-cell proliferation, B-cell differentia-
tion, phagocytosis, antigen presentation, cytokine production 
and neutrophil superoxide production [15, 16]. Muscle tissue 
is a major site of glutamine synthesis where it forms the ana-
bolic precursor for muscle growth. Glutamine is essential for 
the growth, survival and physiological health of actively 
dividing cells such as enterocytes, fibroblasts and lympho-
cytes [17]. It is also an important osmolyte for cell volume 
control and shown to increase hepatocyte cell volume by 
eliciting anabolic process [6, 18, 19].  

 L-Glutamine is the precursor for synthesis of few pep-
tides, amino sugars, purines, pyrimidines, nucleic acids and 
other nitrogenous compounds in the cells. The synthesis of 
glutathione, a major endogenous antioxidant in mammalian 
cells, requires glutamine as a precursor. Glutathione protects 
most cells from oxidative injury. Several metabolic products 
derived from glutamine also include neurotransmitter, 
proline and hexosamines [20] Glutamine/glutamate is a sub-
strate involved in the ureagenesis in liver and gluconeogene-
sis in liver and kidney.  

PATHOPHYSIOLOGY OF GLUTAMINE DEFICIENCY  

 Glutamine is a non-essential amino acid under normal 
physiological conditions, as it is produced in the body in 
adequate amounts. However, under conditions of severe in-
fections, physical trauma, radiation-induced damage and 
major bums the physiological level of glutamine is inade-
quate and therefore required to be supplemented with dietary 
glutamine. Normal range of plasma glutamine level is 500-
750μmol/L. Prolonged exhaustive exercise leads to nearly 
25% drop in plasma glutamine level. Plasma glutamine level 
falls also during fasting and in patients with untreated diabe-
tes mellitus. In all these cases catabolic stress occurs by rise 
in plasma cortisol and glucagon by enhancing the physio-
logical demand for glutamine for gluconeogenesis. Heavy 
physical training leads to reduction in plasma glutamine 
level below 500 μmol/L. The recovery of such deficit re-
quires a long period, which is the causing factor in the de-
velopment of overtraining syndrome among athletes [2, 7]. 
Certain pathological conditions leading to catabolic stress 
where intracellular glutamine levels may drop below 50% 
and plasma concentration below 30%, body requirement for 
glutamine overwhelms the capacity of body for de novo syn-
thesis of glutamine [21], and therefore depends on dietary 
glutamine supplementation. Sepsis and other severe illnesses 
leading to multiple organ dysfunction results from nitric ox-
ide and peroxynitrite generation leading to oxidant injury in 
a glutamine-deficient environment. Similar type of local tis-
sue injury is seen in ischemia and reperfusion [22, 23]. 
Therefore, depletion of tissue glutamine can be viewed as a 
compromised body defense system, which is a likely mecha-
nism in the pathogenesis of various clinical conditions.  

 Glutamine is essential also for the growth and viability of 
cell lines in culture, and requires that it is present in the me-

dium 10-100 fold in excess of other amino acids. Presence of 
glutamine in the medium cannot be substituted with glutamic 
acid or glucose [2, 24]. Glutamine deficiency leads to cell 
death in many human cell lines. Enteral administration of 
glutamine stimulates intestinal mucosal protein synthesis and 
protects enterocytes from apoptosis. Animal and clinical 
studies have shown that glutamine deprivation leads to vil-
lous atrophy, mucosal ulcerations and cell necrosis in the 
small intestine [25]. There is an increased susceptibility to 
infections due to decrease in plasma glutamine concentration 
which impairs the functioning of immune cells [26].  

GASTROINTESTINAL MUCOSAL PROTECTION BY 

GLUTAMINE  

 Gastrointestinal mucosa is lined with multifunctional, 
rapidly proliferating epithelial cells. They form a primary 

interface between luminal contents and the interstitial tissue. 

These cells are dependent on both luminal and systemic 
sources for their nutrition and are affected by intra and extra-

luminal nutrient intake. During the normal life time 60 tons 

of food pass through gastrointestinal tract posing continuous 
threat to the integrity of gastrointestinal tract and whole 

body. Hence this organ is often under the challenge of in-

flammatory diseases and cancer [27]. Under normal physio-
logical conditions, proteases, dietary components, drugs, 

microbes and other factors usually cause minor damage to 

mucosa. Gastrointestinal mucosal integrity is quickly re-
stored and maintained by cell proliferation, migration, resti-

tution and differentiation. A host of growth factors and regu-

latory peptides play protective and healing roles to meet this 
challenge. Furthermore, the salivary secretions, gastrointes-

tinal mucosal secretions and factors of intra-luminal micro-

flora jointly preserve the normal homeostasis [28, 29]. The 
enteral feeding appears to be the primary stimulus for the 

regulation of proliferative response in the intestinal tract, 

which is accomplished mainly by the L-glutamine. Gut mu-
cosa is the major site of Glutamine metabolism. It is an im-

portant anoplerotic substrate in the mucosal cells and forms 

important source of energy accounting to about 35% of the 
total carbon dioxide produced from various substrates in the 

intestinal mucosa. Glutamine also mediates several other 

protective influences on the gastrointestinal tract and forms 
an important dietary component to maintain gut mucosal 

integrity [30-32].  

 Gastrointestinal tract plays a central role in catabolic re-
sponse after injury and infection. Prolonged stress and 
trauma leads to a drop in body glutamine pool causing mu-
cosal atrophy. Oral Glutamine supplementation supports 
gastrointestinal mucosal growth and prevents the mucosal 
and villous atrophy in patients receiving total parenteral  
nutrition (TPN) [33, 34]. Animals when supplemented  
with glutamine during TPN also showed a dose-dependent 
increase in mucosal weight. Glutamine facilitates enteral 
absorption of nutrients and electrolytes in animals with  
experimental diarrhea [35]. It also lessens the severity of 
diarrhea by enhancing water and salt intake. It protects the 
gut epithelium from ammonia-induced cell death [36-39].  

 Glutamine prevents the gastrointestinal injury induced by 
radiation, which is of importance under the conditions of 
radiation therapy in cancer patients. Radiation and chemo-
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therapy causes bowel injury and reduced mucosal lympho-
cyte count [40, 41]. Administration glutamine-rich diet pro-
tects the gut mucosa from injury and ulceration caused by 
radiation. L-glutamine supplementation raises the level of 
mucosal and plasma glutathione (GSH). Enteral glutamine 
also stimulates mucosal protein synthesis during sepsis and 
attenuates ubiquitin-dependent proteolysis and improves the 
protein balance of gut. Mechanism of oral glutamine sup-
plementation-induced gut mucosal protection against starva-
tion, stress, trauma, radiation and other pathological condi-
tions involves increase in the rate of protein synthesis and 
decrease in proteolysis [42, 43].  

 Glutamine is a major source of energy for proliferation 
and differentiation of intestinal epithelial cells [44]. Dietary 
supplementation of glutamine found to be beneficial in main-
tenance of normal intestinal villous morphology and average 
daily body weight gain in weaned piglets [45]. Lack of glu-
tamine attenuated the growth of two types of intestinal 
epithelial cells, IEC-6 and Caco-2 in culture in vitro, which 
was reversed by the addition of nucleosides suggesting the 
role of glutamine amide nitrogen pool for the synthesis of 
nucleotide and glucosamine in the intestinal mucosa [46]. 
Glutamine is necessary for enterocyte proliferation, fluid and 
electrolyte absorption and mitogenic response to growth fac-
tors. It is required for maximal stimulation of intestinal 
epithelial cell proliferation by EGF [47, 48]. EGF activates 
Glutamine transport activity across the intestinal epithelial 
membrane through protein kinase C (PKC) and MAP kinase 
(MAPK)-mediated cell signaling [49]. Due to its multiple 
roles in the gastrointestinal tract glutamine demand in the 
gastrointestinal mucosa is more than l5g/day, which is ob-
tained mainly from systemic circulation as there is very little 
glutamine synthase activity in the gastrointestinal mucosa. 
Hence gastrointestinal mucosa derives glutamine formed in 
other tissue and also from diet for its metabolism [50]. The 
evidence available to support the beneficial effect in mainte-
nance of gastrointestinal mucosal homeostasis is summarized 
in Table 1.  

GUT PERMEABILITY AND GLUTAMINE  

 Gastrointestinal mucosal epithelium provides a structural 
and immunological barrier against the broad spectrum of 
noxious and immunogenic substances present the lumen of 
the gut. Compromised intestinal mucosal integrity and 
breakdown of gastrointestinal mucosal barrier function, a 
condition generally referred to as "Leaky Gut Syndrome", 
are associated with starvation, injury, infection, immunosup-
pression, chemotherapy, and lack of enteral feedings, radia-
tion and other types of stress. Disruption of gut mucosal  
integrity and barrier dysfunction results in increased perme-
ability to allergens, toxins and pathogens, leading to immu-
nological stress response and inflammation [28, 34]. Severe 
trauma and bum increases intestinal permeability to bacteria 
and endotoxins leading to sepsis and multiple organ failure 
[51]. A rapid resealing of gut epithelial barrier function  
following injury under physiological conditions is essential 
as infection is a major cause of morbidity.  

 A significant body of evidence indicates that glutamine 
preserves the gut barrier function and prevents permeability 
to toxins and pathogens under various conditions of gastroin-
testinal mucosal injury. Glutamine is considered the most 

important nutrient for healing of 'leaky gut syndrome' be-
cause it is the preferred fuel for enterocytes and colonocytes 
[52]. Low level of serum Glutamine concentration correlated 
with intestinal barrier disruption, inflammation and diarrheal 
diseases among children [53, 54]. Glutamine supplementa-
tion causes a profound improvement in intestinal barrier 
function in highly stressed patients and patients in TPN. Glu-
tamine-fortified parenteral and enteral diets significantly 
improve the intestinal morphology and function [32, 55, 56]. 
Factors triggering the increase in intestinal mucosal perme-
ability during trauma and illness include oxidative stress, pro 
inflammatory cytokines, hypoxia and reduction in intramu-
cosal pH. Clinical and animal studies have demonstrated that 
the administration of glutamine before or immediately after 
surgery reduced the intensity of increase in intestinal perme-
ability and systemic inflammatory response [57]. Glutamine-
induced recovery in intestinal barrier function by reducing 
bacterial translocation was demonstrated in laboratory ani-
mals [58]. It stabilizes intestinal permeability and reduces 
pancreatic infection in acute experimental pancreatitis [59].  

 Several animal studies demonstrated that experimentally-
induced hyper permeability can be alleviated by the addition 
of glutamine or glutamine peptide leading to improved gut 
barrier function as well as immune function in the gut [56]. 
Gut barrier dysfunction and endotoxemia are associated with 
the pathogenesis of inflammatory bowel diseases, such as 
ulcerative colitis and Crohn's disease. Glutamine supplemen-
tation significantly reduced clinical and endoscopic scores in 
patients with ulcerative colitis [60]. Therefore, both experi-
mental studies and clinical observations indicate that glu-
tamine plays a crucial role in maintenance and restoration of 
gut barrier function.  

REGULATION OF EPITHELIAL TIGHT JUNCTIONS 
BY GLUTAMINE  

 The epithelial tight junctions constitute the major com-
ponent of gut barrier function, which acts as physical and 
functional barrier against the paracellular penetration of mac-
romolecules from the lumen [61]. Therefore, disruption of 
tight junctions is an initial event associated with the patho-
genesis of many gastrointestinal diseases. The tight junction 
is organized by four types of transmembrane proteins, oc-
cludin, claudins, tricellulin and junctional adhesion mole-
cules, which interact with the scaffold proteins such as ZO-l, 
ZO-2 and ZO-3 [62, 63]. ZO-l anchors the transmembrane 
proteins of tight junctions to the actin cytoskeleton and inter-
acts with other tight junction proteins. Tight junction pro-
teins interact with numerous signaling proteins that regulate 
tight junction assembly and maintenance, indicating the po-
tential role of intracellular signaling pathways in the regula-
tion of epithelial tight junctions and barrier function [64].  

 Stress, food allergies, alcohol, antibiotics, malnutrition 
are some of the factors that lead to leaky gut syndrome. 
Leaky gut or increased intestinal epithelial permeability has 
been implicated in the pathogenesis of several gastrointesti-

nal diseases such as food allergies, IBD and IBS [65, 66]. 
Glutamine is likely a potential intervention strategy for these 
diseases, as it reduces intestinal permeability from various 
stressors and helps maintain the normal intestinal barrier 

function [41, 59, 67]. Deprivation of dietary glutamine in 
infant rats by inhibiting glutamine synthase resulted in in-
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crease of bacterial translocation [68]. Inflammation during 
chronic fatigue syndrome is a result of increased gut perme-
ability and bacterial translocation. Glutamine in combination 
with N-acetyl cysteine and zinc partially restores the tight 

junction integrity and attenuated gut-derived inflammation 
[69]. Ischemia-reperfusion increases gut permeability by 
disrupting the epithelial tight junctions. Enteral glutamine 
restored the small bowel barrier function after ische-

mia/reperfusion injury in rats by elevating the level of intes-
tinal GSH [70-72]. Glutamine supplementation was found to 
be beneficial in decreasing intestinal permeability induced by 

non-steroidal anti-inflammatory drug [73]. Intestinal perme-
ability and bacterial translocation in an animal model of ex-
perimental biliary obstruction was attenuated by glutamine 
administration [74].  

 TPN is associated with increased jejunal permeability 
and glutamine supplementation prevented this effect and 
reduced the TPN-induced jejunal atrophy. Glutamine sup-
plementation is of critical importance as it is related to en-
ergy supply to proliferating and differentiating enterocytes 
[75]. Administration of glutamine in bum-injury patients 
resulted in an increase in plasma glutamine concentration 

Table l. Beneficial Effects of L-Glutamine 

Pathophysiological and Experimental Conditions Study Model  Protective Role of L-Glutamine Supplementation Reference  

Total parenteral nutrition  Rodent (rat)  
Prevents villous atrophy and promotes gastrointestinal mucosal 

growth. 

Platell et al. 

[33]  

Total parenteral nutrition  Rodent (rat)  Improves intestinal barrier function and morphology. Li et al. [56]  

Surgical stress  Human  Decreases mucosal atrophy and improves gut barrier function. 
Wilmore et al. 

[34]  

Chemotherapy induced gut mucosal ulceration  

in cancer patients. 

Database of human and 

animal studies 
Reduces mucositis and prevents chemotherapy-induced diarrhea. 

Savarese et al. 

[40]  

Abdominal radiation-induced toxicity  Human  
Decreases oxidative stress and enhances mucosal lymphocyte 

count. 

Yoshida et al. 

[41]  

Critically ill patients and Multiple organ  

failure syndrome 

Database of human  

studies 

Maintains physiology of intestinal barrier and reduces frequency  

of infections. 

De-Souza et 

al. [57]  

Severe trauma and bum-induced sepsis, and  

leaky gut syndrome 
Human  Improvement of gut mucosal barrier function. 

Peng et al. 

[51]  

Diarrheal diseases in children.  Human  
Decreases intestinal permeability, endotoxemia and inflammatory 

responses. 

Lima et al. 

[54]  

Post operative systemic inflammatory responses Human  Improves gut barrier function and reduces inflammatory responses. 
Quan et al. 

[58]  

Ulcerative colitis  Guinea-pigs  Reduces oxidant injury.  
Fujita et al. 

[55]  

Intestinal ischemia reperfusion induced leaky gut Human Rodent (rat) 
Restoration of small bowel barrier function by increasing the level 

of intestinal GSH. 

Harward et al. 

[70] and Kozar 

et al. [71] 

NSAID-induced side effects  Human  Decreases intestinal permeability changes. 
Hond et al. 

[73]  

Experimental biliary obstruction  Rodent (rat)  Modulates gut permeability and reduces bacterial translocation. 
White et al. 

[74]  

Dehydration therapy for diarrhea  
Clinical trials in human 

patients 
Decreases diarrhea by preserving intestinal barrier. 

Guerrant et al. 

[53]  

Intestinal epithelial cell culture  IEC-6 and Caco-2 cells Enhances proliferation and Differentiation. He et al. [46]  

Acetaldehyde-induced disruption of tight junctions 

and adherens junction in Caco-2 cells. 
Caco-2 cell monolayer 

Protects cell monolayer barrier function by attenuating redistribu-

tion of tight junction and adherens junction proteins. 
Seth et al. [77] 

Acetaldehyde – induced disruption of Epithelial tight 

junctions and adherens Junction in human colonic 

mucosa 

Human 
Preserved the epithelial tight junctions and adherens  

junction integrity. 

Basuroy et al. 

[78] 
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from 0.44 mM to 0.61 mM, significantly reduced the intesti-
nal permeability to lactulose/mannitol, and accelerated 
wound healing [51]. Glutamine administration improves the 
prognosis of critically ill patients by maintaining intestinal 
barrier and by reducing the frequency of infections [57].  

 The importance of glutamine in preserving the intestinal 
epithelial barrier function is further supported by several  
in vitro studies using the cell culture models of intestinal 
epithelium. Glutamine deprivation or inhibition of glutamine 
synthase in Caco-2 cells in culture significantly decreased 
the transepithelial electrical resistance (TER) and increased 
the paracellular permeability of the cell monolayer [52] and 
increased bacterial translocation [66]. Glutamine deprivation 
reduced the expression of tight junction proteins, claudin-l 
and occludin and induced redistribution of these protein from 
the intercellular junctions [76]. Our studies demonstrated 
that acetaldehyde, the carcinogenic metabolite of ethanol, 
disrupts the intestinal epithelial tight junctions. L-Glutamine 
prevents the acetaldehyde-induced increase in permeability 
to endotoxin by preventing the disruption of tight junction 
and adherence junction in Caco-2 cell monolayer [77]. The 
glutaminase inhibitor, 6-diazo-5-oxo-L-norleucine, failed to 
affect the glutamine-mediated protection of barrier function, 
indicating that this protective effect of glutamine did not 
require metabolism of glutamine, and that intact glutamine is 
involved in this protective function. Glutamine attenuated 
the acetaldehyde-induced redistribution of occludin, ZO-l, E-
cadherin and -catenin from the intercellular junctions. Simi-
larly, pretreatment with L-glutamine significantly attenuated 
acetaldehyde-induced redistribution of occludin, ZO-l, E-
cadherin and -catenin from the intercellular junctions in 
human colonic mucosa [78].  

ROLE OF EGFR IN THE MECHANISM OF GLU-
TAMINE-MEDIATED TIGHT JUNCTION REGULA-

TION  

 The molecular mechanisms regulating the effects of glu-
tamine on intestinal barrier function is poorly understood. 
The lack of an effect of glutaminase inhibitor on glutamine-
mediated protection of barrier function indicated that the 
intact glutamine is responsible for the protective function. 
The delineation of signaling pathways involved in glutamine 
mediated-protection of intestinal barrier function may in-
clude many routes vowing to its multi-faceted beneficial 
effects. Our study on the effect of L-glutamine on acetalde-
hyde-induced disruption of tight junction and increase in 
paracellular permeability clearly demonstrated that L-
glutamine prevents acetaldehyde-induced disruption of  
the tight junction and increase in the permeability in Caco-2 
cell monolayer by an EGF receptor-dependent mechanism 
[77, 78].  

 EGF is a peptide growth factor of 53 amino acids. EGF is 
secreted in saliva and other gastrointestinal secretions at high 
concentrations [79]. EGF is an important gastrointestinal 
mucosal protective factor that protects the gastrointestinal 
mucosa from various insults [79, 80]. Our studies indicated 
that EGF prevents acetaldehyde-induced disruption of tight 
junction and adherens junctions and reduce the paracellular 
permeability in Caco-2 cell monolayer by a phospholipase 
C , protein kinase C (PKC) and MAP kinase (MAPK)-
dependent mechanisms [81-83]. The protection of tight junc-

tion and adherens junctions from acetaldehyde by L-
glutamine was also mediated by PKC and MAPK-dependent 
mechanism [77]. The protective effect of L-glutamine on 
acetaldehyde-induced permeability is mediated by a transac-
tivation of EGF-receptor tyrosine kinase activity. A selective 
inhibitor of EGF receptor tyrosine kinase, AG 1478 signifi-
cantly attenuated the glutamine-mediated prevention of acet-
aldehyde-induced reduction of the levels of tight junction 
and adherens junction proteins in detergent-insoluble frac-
tion of Caco-2 cell monolayer and human colonic mucosa 
[77, 78]. L-Glutamine induces a rapid tyrosine phosphoryla-
tion of EGF receptor [77, 78]. These studies indicated that L-
glutamine protects tight junction barrier function by turning 
on PKC and MAPK-mediated cell signaling via transactiva-
tion of EGF receptor. The mechanism associated with EGF 
receptor transactivation by glutamine is unclear. However, 
our preliminary study (unpublished) indicates that extracellu-
lar ligand-binding domain is required for this EGF receptor 
transactivation. Therefore, we speculate that L-glutamine 
induces release of EGF receptor ligands into the extracellular 
medium. The signaling mechanisms associated with L-
glutamine-mediated protection of intestinal epithelial tight 
junctions is summarized in Fig. (1).  

 Furthermore, a recent study demonstrated that glutamine 
deprivation alters intestinal tight junctions via a P13K/Akt-
mediated pathway in Caco-2 cells. Deprivation of Glutamine 
increased phospho-Akt protein, while glutamine supplemen-
tation enhanced the barrier function of Caco-2 monolayer 
[84, 85].  

SUMMARY AND PERSPECTIVE  

 L-Glutamine is the most abundant and conditionally es-
sential amino acid due to body's inability to synthesize in 
adequate amounts during stressful conditions like trauma and 
sepsis. It is an oxidative fuel for enterocytes, lymphocytes 
and plays an important role in maintaining homeostasis with 
respect to nitrogen balance, acid-base balance and glucose 
metabolism. Number of clinical and experimental studies 
demonstrated its importance as a dietary supplement in 
maintaining gastrointestinal mucosal barrier function and in 
preventing bacterial and endotoxin translocation during par-
enteral nutrition, sepsis, infection, radiation and other vari-
ous catabolic stress conditions. Hence Glutamine is an essen-
tial nutrient for gut mucosal epithelial cell growth, differen-
tiation, mucosal integrity and barrier function. Several cell 
culture studies further confirm its role in the regulation of 
mucosal epithelial tight junction integrity. L-Glutamine pro-
tects tight junctions in Caco-2 cell monolayers and human 
colonic mucosa from acetaldehyde-induced permeability 
change and redistribution of tight junction and adherens 
junction proteins from the intercellular junctions. This pro-
tective effect of L-glutamine appears to be mediated by the 
transactivation of EGF receptor leading to activation of PKC 
and MAPK.  

 There is ample evidence to indicate that L-glutamine is 
the essential dietary supplement to help maintain mucosal 
integrity and barrier function under physiologic and patho-
physiologic conditions. Human gut has little capacity to syn-
thesize Glutamine and therefore it relies on the glutamine 
supply by other tissues and diet. Over the last decades of 
clinical trials of glutamine supplementation in critical illness, 
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surgical stress and cancer have shown significant benefit by 
reducing the rate of mortality, length of hospital stay and 
infectious morbidity. Parenteral glutamine administration 
(>0.25-0.3g/kg/day) demonstrated the greatest benefit in 
hospitalized patients [86]. Glutamine-based oral rehydration 
therapy (ORT) was found to be as effective as glucose-based 
ORT for rehydration, however with additional benefit with 
regard to repair of intestinal barrier in patients with diarrhea 
[53].  

 Therefore, a growing body of evidence advocates the use 
of L-glutamine in the clinical practice. Further understanding 
and application of glutamine-based therapeutics can be  
enhanced by future studies geared toward our understanding 
of the molecular mechanisms associated with glutamine-
mediated protection of gastrointestinal epithelial tight junc-
tions and the mucosal barrier function.  
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Fig. (1). Schematic representation of potential mechanism involved in L-glutamine-mediated epithelial protection. L-Glutamine sup-

plementation induces transactivation of EGF receptor (EGFR) potentially by excreting metalloproteinases (MMP), which in turn releases 

membrane bound TGF  and potentially other EGFR ligands leading to EGFR activation. EGFR activation leads to stabilization of actomy-

osin and tight junctions by a mechanism that involves activation of PLC , PKC I and PKC . Glutamine deprivation on the other hand leads 

to activation of P13K and Akt. TGF, transforming growth factor; PLC, phospholipase C; PKC, protein kinase C; IP3, inositol trisphosphate; 

DAG, diacylglycerol; TJ, tight junciton; AJ, adherens junction; PI3K, phosphotidylinositol 3-kinase. The symbol "?" indicates the lack in-

formation regarding the potential mechanism in that process. 
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