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Abstract

Some athletes can have high intakes of L-glutamine because of their high energy and protein intakes and also because they
consume protein supplements, protein hydrolysates, and free amino acids. Prolonged exercise and periods of heavy
training are associated with a decrease in the plasma glutamine concentration and this has been suggested to be a
potential cause of the exercise-induced immune impairment and increased susceptibility to infection in athletes. However,
several recent glutamine feeding intervention studies indicate that although the plasma glutamine concentration can be
kept constant during and after prolonged strenuous exercise, the glutamine supplementation does not prevent the
postexercise changes in several aspects of immune function. Although glutamine is essential for lymphocyte proliferation,
the plasma glutamine concentration does not fall sufficiently low after exercise to compromise the rate of proliferation.
Acute intakes of glutamine of ~20-30 g seem to be without ill effect in healthy adult humans and no harm was reported in
1 study in which athletes consumed 28 g glutamine every day for 14 d. Doses of up to 0.65 g/kg body mass of glutamine (in
solution or as a suspension) have been reported to be tolerated by patients and did not result in abnormal plasma ammonia
levels. However, the suggested reasons for taking glutamine supplements (support for immune system, increased
glycogen synthesis, anticatabolic effect) have received little support from well-controlled scientific studies in healthy, well-

nourished humans. J. Nutr. 138: 20455-2049S, 2008.

Introduction

L-Glutamine is a naturally occurring nonessential neutral amino
acid. It is important as a constituent of proteins and as a means of
nitrogen transport between tissues (1). Itis also importantin acid-
base regulation, gluconeogenesis, and as a precursor of nucleotide
bases and the antioxidant glutathione. Glutamine is the most
abundant free amino acid in human muscle and plasma. In adult
humans, following an overnight fast, the normal plasma gluta-
mine concentration is 550-750 umol/L and the skeletal muscle
glutamine concentration is ~20 mmol/kg wet weight (2). Skeletal
muscle is the major tissue involved in glutamine synthesis and is
known to release glutamine into the circulation at ~50 mmol/h in
the fed state. Its alleged effects can be classified as anabolic and
immunostimulatory. Glutamine is utilized at high rates by
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leukocytes (particularly lymphocytes) to provide energy and
optimal conditions for nucleotide biosynthesis and hence, cell
proliferation (3). Indeed, glutamine is considered important, if
not essential, to lymphocytes and other rapidly dividing cells,
including the gut mucosa and bone marrow stem cells. Unlike
skeletal muscle, leukocytes do not possess the enzyme glutamine
synthetase, which catalyses the synthesis of glutamine from
ammonia (NHj3) and glutamate, and therefore leukocytes are
unable to synthesize glutamine (3). Consequently, leukocytes are
largely dependent on skeletal muscle glutamine synthesis and
release into the blood to satisfy their metabolic requirements.

Prolonged exercise is associated with a decrease in the
intramuscular and plasma concentrations of glutamine and it
has been hypothesized that this decrease in glutamine availabil-
ity could impair immune function (4). Periods of very heavy
training are associated with a chronic reduction in plasma
concentrations of glutamine and it has been suggested that this
may be partly responsible for the immunodepression apparent in
many endurance athletes (4). The intramuscular concentration
of glutamine is known to be related to the rate of net protein
synthesis (5) and there is also some evidence for a role for
glutamine in promoting glycogen synthesis (6). However, the
mechanisms underlying these alleged anabolic effects of gluta-
mine remain to be elucidated.

Based on an uncritical evaluation of the scientific literature,
various manufacturers and suppliers of glutamine supplements
claimed that they have the following effects that may benefit ath-
letes: nutritional support for the immune system and prevention
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of infection; improved gut barrier function and reduced risk
of endotoxemia; improved intracellular fluid retention (i.e. a
volumizing effect); more rapid water absorption from the gut;
stimulation of muscle glycogen synthesis; stimulation of mus-
cle protein synthesis and muscle tissue growth; reduction in
muscle soreness and improved muscle tissue repair; and en-
hanced buffering capacity and improved high intensity exercise
performance.

Most manufacturers recommend the ingestion of 1000 mg/d
glutamine in the form of a supplement to obtain some of the
benefits claimed above. The evidence for these effects is reviewed
below.

Glutamine supplements and immune function

In humans, glutamine has been shown to influence in vitro
lymphocyte proliferation in response to mitogens in a concen-
tration-dependent manner with optimal proliferation at a gluta-
mine concentration of ~600 wmol/L (7). It is the requirement of
glutamine for both energy provision and nucleotide synthesis in
immune cells that has led to the hypothesis that a decrease in the
plasma glutamine level below ~600 umol/L will have deleterious
effects on immune function. It has been speculated that failure of
the muscle to provide sufficient glutamine could result in a
depressed rate of lymphocyte proliferation in response to antigens
and so might impair immune defense to viral infection (8). Intense
physical exercise might decrease the rate of glutamine release
from skeletal muscle and/or increase the rate of glutamine uptake
by other organs or tissues that utilize glutamine (e.g. liver,
kidneys), thereby limiting glutamine availability for cells of the
immune system (8).

Acute exercise effects on plasma glutamine

The effects of acute exercise on plasma glutamine concentration
appear to be largely dependent on the duration and intensity of
exercise (9). Studies have shown an increase (10,11) or no
change (12) in plasma glutamine levels following short-term
(<1 h) high intensity exercise in humans. For example, Babij
et al. (10) observed an increase in glutamine concentration from
575 pmol/L at rest to 734 umol/L during exercise at 100% of
maximum oxygen uptake (VO, max)>. It has been speculated
(11) that the increase in plasma glutamine levels during short-
term high intensity exercise may be due to glutamate acting as a
sink for NHj3 in the formation of glutamine from glutamate
during enhanced intramuscular NH; production in high inten-
sity exercise (the NHj3 is predominantly derived from the deam-
ination of adenosine monophosphate).

In contrast to the data for high intensity exercise, there is a
consistent body of evidence showing that the plasma glutamine
levels fall substantially after very prolonged exercise. Plasma
glutamine concentration decreased from 557 wmol/L at rest to
470 umol/L immediately after 3.75 h of cycling at 50% VO, max
(5). The plasma glutamine concentration reached a minimum of
391 pmol/L after 2 h of recovery and remained depressed at 482
umol/L after 4.5 h of recovery. Large declines in plasma glutamine
level following a marathon race from 592 uwmol/L (prerace) to 495
pmol/L immediately postrace were reported in 24 club standard
athletes (4). Continuous cycling at 55% VO, max for 3 h in 18
healthy males resulted in a decrease in plasma glutamine concen-
tration from 580 wmol/L preexercise to 447 umol/L after 1 h
recovery. However, continuous cycling to exhaustion at 80% VO,

3fAbbreviations used: bm, body mass; URTI, upper respiratory tract infection;
VO, max, maximum oxygen uptake.
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max (mean endurance time was 38 min) in the same subjects did
not alter the plasma glutamine concentration compared with
preexercise (12). The decline in plasma glutamine concentrations
after prolonged exercise is probably due to increased hepatic
uptake of glutamine for gluconeogenesis and synthesis of acute-
phase proteins and/or to increased kidney glutamine uptake in an
attempt to buffer acidosis (9). Increased glutamine uptake by
activated leukocytes may also contribute to the fall in plasma
glutamine levels after prolonged exercise, although limited evi-
dence is available to support this suggestion (13).

Prolonged exercise is known to cause an elevation in plasma
cortisol concentration, which stimulates not only protein
catabolism and glutamine release but also increases gluconeo-
genesis in the liver, gastrointestinal tract, and kidneys (14).
Increased hepatic, gastrointestinal, and renal uptake of gluta-
mine could place a significant drain on plasma glutamine
availability after prolonged exercise. Similar changes in plasma
stress hormones occur after starvation, surgical trauma, sepsis,
burns, and prolonged exercise, and all of these states of catabolic
stress are characterized by lowered plasma glutamine concen-
trations, depressed cellular immunity, and increased gluconeo-
genesis (8). In conditions of metabolic acidosis, the renal uptake
of glutamine increases to provide for ammoniagenesis. Diet-
induced metabolic acidosis with a high-protein (24% of
energy):high-fat (72% of energy) diet for 4 d led to a ~25%
reduction in the concentrations of glutamine in both plasma
and muscle (15). In this situation, it seems likely that release
of glutamine from muscle may have increased, along with
renal uptake, in an attempt to maintain acid-base balance.
Walsh et al. (9) have suggested that a common mechanism may
be responsible for depletion of plasma glutamine after pro-
longed exercise, starvation, and physical trauma, namely, in-
creased hepatic and gastrointestinal uptake of glutamine for
gluconeogenesis at a time when muscle release of glutamine
remains constant or falls.

Endogenous glutamine concentrations, overtraining,
and infection

The resting plasma concentrations of glutamine have been
reported to be lower in over-trained (chronically fatigued)
athletes compared with healthy well-trained athletes and seden-
tary individuals (4,16). For example, 1 study (4) reported values
of 503 umol/L for plasma glutamine in over-trained athletes
compared with a concentration of 550 wumol/L for healthy
control athletes (a 9% difference). A 23% reduction in resting
plasma glutamine concentration has also been observed after
2 wk of intensified training in elite swimmers (13). Among
chronically fatigued, elite athletes, resting plasma glutamine
levels of 330-420 wmol/L have been reported; those suffering
from an infection did not differ from those who were not (16).
According to the glutamine hypothesis, over-trained athletes with
decreased plasma glutamine concentration would be predicted to
exhibit impaired immune function and suffer a greater number
and severity of upper respiratory tract infections (URTI). How-
ever, to date, there has been no direct evidence to our knowledge
supporting a causal link between low plasma glutamine, impaired
immune function, and increased susceptibility to infection in
athletes. Although lower plasma glutamine levels in athletes
reporting URTI symptoms have been reported (17), others have
found no relationship between low plasma glutamine concentra-
tion and the occurrence of URTT in track and field athletes (16) or
trained swimmers (13). Surprisingly, URTI was more common
among well-trained swimmers (with 23% higher plasma gluta-
mine) compared with over-trained swimmers.
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Glutamine supplementation, immune function,
and infection
If a decrease in plasma glutamine concentration were a causal
factor in the transient postexercise depression of immune
function, then preventing the fall in plasma glutamine by
supplementing glutamine orally should prevent the associated
immune impairment. A study with a rat model indicated that
glutamine supplementation of 1000 mg/kg body mass (bm) by
gavage increased the phagocytic capacity of neutrophils and the
production of reactive oxygen species and abolished the decrease
in nitric oxide production induced by exercise (18). However,
several glutamine feeding intervention studies in humans suggest
that glutamine supplementation before and after exercise has no
detectable effect on exercise-induced changes in immune cell
functions. In a randomized, cross-over, placebo-controlled
study, Rohde et al. (19) had subjects perform 3 successive bouts
of cycle ergometer exercise at 75% VO, max for 60, 45, and
30 min with 2 h rest between each bout. Subjects were fed
glutamine (0.1 g/kg bm) 30 min before the end of each exercise
bout and 30 min after each exercise bout. The arterial plasma
glutamine concentration declined from 508 * 35 pmol/L
(preexercise) to 402 * 38 umol/L at 2 h after the last exercise
bout in the placebo trial and was maintained above preexercise
levels in the glutamine supplementation trial. Although gluta-
mine feeding prevented the fall in the plasma glutamine
concentration, it did not prevent the fall in lymphocyte prolif-
eration 2 h after each bout or the fall in activity of lymphokine-
activated killer cells at 2 h after the final bout of exercise. Using
similar glutamine treatments, other recent studies have also
shown that glutamine supplementation (sufficient to prevent any
fall in the plasma glutamine concentration) during and after 2 h
of cycling did not prevent the decrease in the activity of natural
killer cells (20) or in the concentration of immunoglobulin-A in
saliva (21). In another study, subjects ingested 3 g of glutamine
every 15 min during the final 30 min of a 2-h exercise bout and
every 15 min during a subsequent 2-h recovery period (total
intake of 30 g) with no effect on the exercise-induced transient
decrease in bacteria-stimulated neutrophil degranulation (22).
Castell et al. (17) have provided the only evidence to date for
a prophylactic effect of oral glutamine supplementation on the
occurrence of URTI in athletes. In a randomized, double-
blinded, placebo-controlled study, ultra-marathon and mara-
thon runners participating in races were given either a placebo or
a glutamine beverage (5 g glutamine in 330 mL water), which
was ingested immediately after and 2 h after the race. The
runners were given questionnaires to self-report the occurrence
of symptoms of URTI for 7 d after the race. In those receiving the
glutamine drink (7 = 72), 81% experienced no URTT episodes in
the week following the race, whereas in those receiving the
placebo (maltodextrin) drink (7 = 79), only 49% experienced
no URTI episodes in the week following the race. Although
the reporting of URTI symptoms increased following the race
in both groups, it was concluded that the provision of the
glutamine supplement in the 2 h following the race decreased the
incidence of infection in the week after the event. However, it is
unlikely that the glutamine dose given was actually sufficient to
prevent the postexercise decline in the plasma glutamine
concentrations. Indeed, in another study by the same group,
plasma glutamine concentration decreased similarly in placebo
and glutamine-supplemented groups when glutamine was
supplemented (5 g glutamine in 330 mL water) immediately
after and 2 h after a marathon (23). Another glutamine feeding
study showed that an oral dose of 0.1 g/lkg bm (~7 g) increased
plasma glutamine concentration by ~50% within 30 min and

glutamine concentration returned to baseline within 90-120 min
(24). Thus, doses in excess of 5 g need to be ingested at frequent
intervals (e.g. every 30—60 min) to sustain a moderate elevation
of the plasma glutamine concentration over several hours.

The glutamine immune boosting

hypothesis: conclusions

The glutamine hypothesis is that a decrease in plasma glutamine
concentrations, brought about by heavy exercise and training,
limits the availability of glutamine for cells of the immune
system that require glutamine for energy and nucleotide
biosynthesis. Thus, the glutamine hypothesis provides a mech-
anism to explain exercise-induced immune impairment and
increased susceptibility to infection in endurance athletes. The
time course of the decrease in plasma glutamine concentrations
after prolonged strenuous exercise coincides with the decreases
in many immune parameters (25,26); in addition, it is prolonged
moderate-high intensity exercise that most often results in the
greatest immune impairment and this type of exercise also
results in the greatest reduction in plasma glutamine concentra-
tion. The glutamine hypothesis is based predominantly on in
vitro work by Parry-Billings et al. (8), which showed that
mitogen-stimulated lymphocyte proliferation is enhanced by
glutamine in a concentration-dependent manner with optimal
proliferation at glutamine concentrations between 100 and 600
pmol/L. Evidence showing that the provision of glutamine-
supplemented, total parenteral nutrition to severely ill surgical
patients improves T lymphocyte mitogenic responses also
provides further support for the ‘glutamine hypothesis’ (27).
However a reevaluation of the glutamine requirement for
lymphocyte proliferation by Blanchard (28) indicated that
lymphocyte proliferation in culture was only depressed signif-
icantly when the glutamine concentration in the medium was
<100 pwmol/L. Thus, lymphocytes function equally well when
cultured at a glutamine concentration of 300-400 umol/L
(equivalent to the lowest plasma glutamine concentration
measured postexercise), as when cultured at normal resting
levels of ~550-750 wmol/L (29). Even during severe catabolic
conditions, such as severe burns, plasma glutamine concentra-
tion rarely falls below 200 umol/L.

Finally, as described above, the majority of studies have
found no beneficial effects of maintaining plasma glutamine
concentration, with glutamine supplements during exercise and
recovery, on various immune responses after exercise. Collec-
tively, the evidence does not support a role for decreased plasma
glutamine concentrations in the etiology of exercise-induced
immune depression. More research is required to elucidate the
mechanism(s) by which oral glutamine supplements may have
prophylactic effects in long-distance runners (17). Although a
direct effect of decreased glutamine availability for immune
cells is unlikely, glutamine may have an indirect effect on
immune function and infection incidence through preservation
of the antioxidant glutathione or maintenance of gut barrier
function (30).

Glutamine and water transport

Glutamine is not included in commercial sports drinks mainly
because of its relative instability in solution. Water transport
from the gut into the circulation is known to be promoted by the
presence in drinks of glucose and sodium (31). This is because
water movement is determined by osmotic gradients and the
cotransport of sodium and glucose into the gut epithelial cells is
accompanied by the osmotic movement of water molecules in
the same direction. Glutamine is transported into gut epithelial
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cells by both sodium-dependent and sodium-independent mech-
anisms and the addition of glutamine to oral rehydration
solutions has been shown to increase the rate of fluid absorption
above that of ingested water alone (32). However, the potential
benefits of adding glutamine to commercially available sports
drinks have not be adequately tested and any additional benefit
in terms of increased rate of fluid absorption and retention is
likely to be very small indeed.

Glutamine and acid-base balance in exercise

One study (33) has reported that the plasma bicarbonate
concentration was increased by 2.7 mmol/L (an ~10% increase
above baseline) 90 min following oral ingestion of 2 g glutamine
(16-36 mg/kg bm). However, a placebo-controlled study that
investigated the effects of glutamine supplementation (30 mg/kg
bm) on extracellular buffering capacity and high intensity
exercise performance (34) did not find any beneficial effects on
blood acid-base balance or time to fatigue in cycling at 100%
VO, max.

Glutamine supplements and muscle

anabolic processes

Muscle protein breakdown occurs in the fasted state. Recent
research indicates that resistance-exercise reduces the extent
of this protein catabolism, but an anabolic (muscle growth)
response requires an intake of essential amino acids (dietary
protein) in the recovery period after exercise (35). This promotes
amino acid uptake into muscle and increases the rate of synthesis
of tissue protein without affecting the rate of protein break-
down. Provided that the ingested protein contains the 8 essential
amino acids, taking supplements of individual nonessential
amino acids at this time is unlikely to provide any additional
benefit (36). There is some evidence for an effect of glutamine
supplements in promoting glycogen synthesis in the first few
hours of recovery after exercise: 8 g of glutamine in addition to
61 g of glucose polymer ingested after a glycogen-depleting bout
of exercise resulted in a 25% increase in whole body glucose
disposal in the h 2 of recovery compared with glucose polymer
alone (6). However, further research using optimal carbohydrate
feeding after exercise needs to be undertaken to substantiate this
finding and to give it practical relevance. The ingestion of 61 g
of carbohydrate is a suboptimal amount; amounts in excess
of 100 g are needed to achieve the maximum rate of muscle
glycogen synthesis over a 2-h postexercise period (31). Thus, a
postexercise meal consisting of predominantly carbohydrate
(~100 g) with some protein (~20 g) would seem to be the best
strategy to promote both glycogen and protein synthesis in
muscle after exercise (31,37).

One study (33) has reported that the plasma concentration of
growth hormone was increased 4-fold 90 min following oral
ingestion of 2 g glutamine. However, 1 h of moderate to high
intensity exercise can result in a 20-fold increase in plasma
growth hormone concentration, so this is not a reason for athletes
engaged in exercise training to take glutamine supplements.

Eccentric exercise-induced muscle damage does not affect
plasma glutamine concentrations (38). There is no scientific
evidence for a beneficial effect of oral glutamine supplementa-
tion on muscle repair after exercise-induced damage and no
evidence of reduced muscle soreness when consuming glutamine
compared with placebo (38).

Glutamine intakes in the athletic population
The normal daily intake of glutamine from dietary protein is
~3-6 g/d (assuming a daily protein intake of 0.8-1.6 g/kg bm for
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a 70-kg individual). Supplements currently available are in the
form of L-glutamine tablets or capsules (250, 500, and 1000 mg)
or as a powder. Other dietary sources of glutamine for athletes
may include protein supplements such as whey protein and
protein hydrolysates (39). Glutamine is thought to be relatively
safe and well tolerated by most people, although administration
of glutamine to people with kidney disorders is not recom-
mended. No adverse reactions to short-term glutamine supple-
mentation in amounts of 20-30 g within a few hours (22) have
been reported in healthy athletes. Doses of up to 0.65 g/kg bm of
glutamine (in solution or as a suspension) have been reported to
be tolerated by pediatric cancer patients and do not to result in
abnormal plasma ammonia levels (40). Although higher doses
resulted in ammonia levels above the acceptable limit (>150
pumol/L), the suspension of glutamine necessary to give such high
levels is not palatable (39). In the only relatively long-term,
repeated high-dose glutamine supplementation study in athletes
(41), 4 women and 9 men of high fitness consumed 0.1g/kg bm
of L-glutamine 4 times daily (average intake of 28 g/d) for 2 wk.
No ill effects were reported, but even this high glutamine intake
did not prevent a decrease in the plasma glutamine concentra-
tion over 9 d of intensive training (blood samples were taken 8 h
after the last glutamine dose).

An inadequate dietary intake of protein impairs host immu-
nity with particularly detrimental effects on the T-cell system,
resulting in increased incidence of opportunistic infections (42).
Although it is unlikely that athletes would ever reach a state
of such extreme malnutrition, the impairment of host defense
mechanisms is observed even in moderate protein deficiency.
Dietary protein is also required to promote muscle protein
synthesis after exercise. Interestingly, there is some evidence that
an additional intake of 20-30 g/d protein can restore depressed
plasma glutamine levels in over-trained athletes (16). Hence,
ensuring an adequate intake of protein is important for athletes
but consuming glutamine supplements is not.

Consuming glutamine supplements is unlikely to be of sub-
stantial benefit in terms of fluid balance restoration or pre-
venting immunodepression after exercise, although there are
some suggestions of a possible role for glutamine in stimulating
anabolic processes, including muscle glycogen and protein syn-
thesis. The available evidence at present is not strong enough to
warrant a recommendation for an athlete to use a glutamine
supplement.

Other articles in this supplement include references (43-52).
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