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Abstract
The most abundant amino acid in the bloodstream, L-glutamine fulfills a number
of biochemical needs. It operates as a nitrogen shuttle, taking up excess ammonia and
forming urea. It can contribute to the production of other amino acids, glucose,
nucleotides, protein, and glutathione. Glutamine is primarily formed and stored in skeletal
muscle and lungs, and is the principal metabolic fuel for small intestine enterocytes,
lymphocytes, macrophages, and fibroblasts. Supplemental use of glutamine, either in
oral, enteral, or parenteral form, increases intestinal villous height, stimulates gut mucosal
cellular proliferation, and maintains mucosal integrity. It also prevents intestinal
hyperpermeability and bacterial translocation, which may be involved in sepsis and the
development of multiple organ failure. L-glutamine use has been found to be of great
importance in the treatment of trauma and surgery patients, and has been shown to
decrease the incidence of infection in these patients. Cancer patients often develop
muscle glutamine depletion, due to uptake by tumors and chronic protein catabolism.
Glutamine may be helpful in offsetting this depletion; however, it may also stimulate the
growth of some tumors. The use of glutamine with cancer chemotherapy and
radiotherapy seems to prevent gut and oral toxic side-effects, and may even increase
the effectiveness of some chemotherapy drugs.
Altern Med Rev 1999;4:239-248.

Introduction
L-glutamine is the most prevalent amino acid in the bloodstream, accounting for 30-35
percent of the amino acid nitrogen in the plasma. Because glutamine contains two ammonia
groups, one from its precursor, glutamate, and the other from free ammonia in the bloodstream,
one of glutamine’s roles is as a “nitrogen shuttle,” which helps protect the body from high
levels of ammonia. Thus, glutamine can act as a buffer, accepting excess ammonia, then releasing it when needed to form other amino acids, amino sugars, nucleotides, and urea. This capacity to accept and donate nitrogen makes glutamine the major vehicle for nitrogen transfer between tissues.
Glutamine is considered a non-essential amino acid, as human cells can readily synthesize
it via activity of the enzyme glutamine synthetase (see Figure 1), which is found in high
concentration in skeletal muscle, liver, brain, and stomach tissue. Because of the body’s capacity
to synthesize this amino acid, and because of the relative amount of glutamine in the body
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Figure 1. Glutamate-Glutamine
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Glutamate is converted to L-Glutamine via the
enzyme glutamine synthetase, utilizing ammonia,
magnesium, and ATP. L-Glutamine is hydrolyzed
to glutamate by the enzyme glutaminase.

compared to other amino acids, it has long
been thought that glutamine was not a
necessary component of the diet. In fact,
approximately five to ten grams per day of
glutamine is consumed in the diet, and under
normal circumstances dietary intake and
synthesis of glutamine is adequate and
balanced with demand. In situations where a
particular tissue is in greater need of glutamine,
inter-organ transfer of glutamine usually
makes up for increased site-specific
requirements. However, under certain
pathological circumstances the body’s tissues
need more glutamine than the overall amount
supplied by diet and de novo synthesis. During
catabolic stress, for instance, intracellular
glutamine levels can drop more than 50
percent, and plasma concentration falls 30
percent.1 It is under these circumstances that
supplemental glutamine becomes necessary.2

Skeletal muscle contains the greatest
intracellular concentration of glutamine,
comprising up to 60 percent of total body
glutamine stores, and is considered the primary
storage depot of glutamine, and thus the
primary exporter of glutamine to other tissues.
In times of metabolic stress, glutamine is
released into circulation, where it is transported
to the tissue in need. Intracellular skeletal
muscle glutamine concentration is affected by
various insults, including injury, sepsis,
prolonged stress, starvation, and the use of
glucocorticoids. Besides skeletal muscle, the
lungs are the next largest producer of
glutamine.
Glutamine can be converted to other
amino acids, to glucose in the liver, and contributes to nucleotide, amino sugar, and protein biosynthesis. Glutamine is one of the three
amino acids involved in glutathione synthesis. Glutathione, an important intracellular
antioxidant and hepatic detoxifier, is comprised of glutamic acid, cysteine, and glycine.

Glutamine, Wound Healing, and
Immune Cells
Fibroblasts, lymphocytes, and macrophages use glutamine as a metabolic fuel,
as well as using it for nucleotide synthesis,
which regulates cellular proliferation.
Glutamine depletion can slow fibroblast
growth, while adequate glutamine can stimulate growth and cellular proliferation in vitro.
The dependence on glutamine in fibroblasts
makes this nutrient a vital component of the
healing response in wounds.2
In vitro lymphocyte research reveals
these cells do not demonstrate any glutamine
synthetase activity and are dependent on preformed glutamine. Lymphocytes respond to
glutamine supplementation by proliferating, as
well as producing more lymphocyte-derived
cytokines in vitro.3,4 The gastrointestinal tract
is continuously exposed to the exterior
environment of the body via food, liquid, and
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Figure 2. L-Glutamine
Catabolism.

Figure 3. Inter-Organ Glutamine Flow
Following Gut Insult.

Intestinal Morphology

From Souba WW.2 Used with permission.

The small intestine mucosa is
comprised of a single cell thickness of mostly columnar epithelial cells, with endocrine cells,
mucin cells, and Paneth cells interspersed between them. The absorptive capacity of the small intestine is greatly increased by the
presence of villi, with corresponding crypts between them.
The most mature cells occupy the
tip of the villi, while immature
cells are at the base of the villi, in
the crypts. The immature cells
proliferate and migrate to the tip,
where they mature, then are reabsorbed or sloughed off into the
lumen. The entire process takes
only three to six days. This high
rate of proliferation and turnover
is usually well-regulated by nutrient availability, gastrin, growth
hormone, bacterial flora, and
neuro-regulatory activity. However, the presence of food passing through the gastrointestinal
After a gut insult, increased permeability causes bacterial translocation.
Leukocyte migration and cytokine release cause a further increased
tract seems to be the primary
permeability, which triggers the hypothalmic-pituitary-adrenal (HPA) axis to
stimulus for regulation of this
induce a release of glutamine from skeletal muscle and lungs into the
proliferative response, as it can
circulating glutamine pool. It is subsequently taken up by the gut to be utilized
affect all of the aforementioned
for repair of the damaged intestinal barrier.
regulatory systems.13 After seven
days of fasting, even with the use
(TCA, Krebs) cycle for ATP production (see
of TPN, gut mass can be reduced by as much
Figure 2). Colonocytes also utilize glutamine;
as 50 percent.14,15
however, they prefer short-chain fatty acids as
their primary fuel. Since enterocytes have little
Glutamine and Intestinal
glutamine synthetase activity (see Figure 1)
Permeability
and a great amount of glutaminase, which
Most of the research on glutamine and
metabolizes glutamine, they are also
its connection to intestinal permeability has
dependent on a supply of pre-formed
been conducted in conjunction with the use of
glutamine.
TPN. Commercially-available TPN solutions
do not contain glutamine, which can result in
small intestine mucosal villous atrophy. In an
animal study, glutaminase infusion
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glutamine with alanine or glycine) in experimentally-induced intestinal hyperpermeability
improves gut barrier function, as well as immune activity in the gut.24-29
Another consequence of skeletal
muscle glutamine depletion is the subsequent
depletion of the glutamine-containing tri-peptide antioxidant glutathione, which may lead
to oxidative damage of the muscle.30 It is
known that glutathione production occurs in
the liver; however, supplemental glutamine has
been shown to increase gut glutathione production threefold.31 Although no studies have
proven it, oral glutamine supplementation
might increase intestinal glutathione synthetase activity, which can improve antioxidant activity in the gut, as well as augment
NK cell activity.

Glutamine and Trauma
Increased intestinal permeability has
been associated with trauma from burns,32 surgery,33,34 hemorrhagic shock,35 and other physical trauma.36 Injury of any tissue besides the
intestines shunts glutamine away from the
blood and into the tissues, making less
glutamine available for the gut. Glucocorticoid
release in acute stress, including surgery, infection, trauma, burns, sepsis, or other severe
illness, causes accelerated protein breakdown.
These patients can quickly lose significant
amounts of protein, much of it from skeletal
muscle, in an attempt to provide adequate
amounts of glutamine for tissue healing and
maintenance of gut integrity. As glutamine is
depleted, wound healing is impaired, intestinal permeability increases, and the risk of microbial translocation, sepsis, and multiple organ failure increases significantly.37,38
The loss of skeletal muscle glutamine
after surgery was illustrated in a group of 19
patients undergoing total hip replacement surgery. Skeletal muscle and plasma glutamine
concentration was significantly decreased after surgery, compared to control groups (no
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significantly
decreased
glutamine
concentration in the bloodstream,
accompanied by diarrhea, villous atrophy,
mucosal ulceration, and intestinal necrosis.16
This study emphasizes the importance of
glutamine to the integrity of the small intestine,
and specifically the need for glutamine uptake
from the bloodstream as well as the intestinal
lumen. Mucosal atrophy also occurred in
animals fasted while on TPN. Addition of
glutamine to the TPN solution reversed the
mucosal atrophy.17 Others have noted similar
results of decreased villous atrophy, increased
jejunal weight, and decreased intestinal
permeability with the use of glutamineenriched TPN solutions.18-22
One potential consequence of increased intestinal permeability is microbial
translocation. Trauma, infection, starvation,
chemotherapy, and other stressors are all associated with a derangement of normal intestinal permeability. Bacteria, fungi, and their
toxins can subsequently translocate across the
mucosal barrier into the bloodstream and react with the reticuloendothelial system.
Cytokines produced from this reaction stimulate the hypothalamic-pituitary-adrenal axis,
resulting in cortisol release from the
adrenals.2,23 Cortisol increases glutaminase
activity in intestinal enterocytes, stimulating
increased breakdown and utilization of
glutamine in the small intestine. Cortisol also
causes increased proteolysis in other tissues,
and a release of glutamine from skeletal
muscle (see Figure 3). Although this adaptation response provides metabolic assistance to
help heal hyperpermeable gut tissue, severe
damage to the mucosa or other tissue utilizing
glutamine for healing, or prolonged stress can
deplete skeletal muscle glutamine and consequently deprive enterocytes (which are using
more glutamine in their stressed state) of their
vital supply of glutamine.2,23 In numerous animal studies, the addition of glutamine or
glutamine dipeptides (stable dipeptides of

surgery) on either bedrest or fasting for four
days.39 Glutamine supplementation can attenuate this surgery-induced glutamine depletion.
In a study of glutamine and elective abdominal surgery, a glutamine-containing TPN solution (0.285 g glutamine/kg/24 hrs) was given
to patients for three days following surgery.
Skeletal muscle glutamine levels declined 25
percent, compared to a 40-percent loss in the
control TPN group.40
A glutamine dipeptide (alanylglutamine) was utilized in a study of nitrogen
economy in major abdominal surgery patients.
Control patients (on standard TPN) lost approximately 36 grams of protein daily, compared to a loss of 14 grams daily in the dipeptide-supplemented TPN group. This amounted
to a savings of over 600 grams of protein over
the four-day post-operative period. The circulating lymphocyte count remained stable in the
supplemented group, versus a 20-percent loss
in the control group. Supplemented patients
also had improved markers of glutathione levels, and were in the hospital 6.2 days fewer
after surgery. The authors estimate the daily
requirement of exogenous glutamine in surgical patients to be 12 grams per day, with 25
grams per day needed in severe trauma or infection.41
Maintenance of immune function and
gut barrier function following trauma is vitally
important, as infection is a major cause of
morbidity and mortality in severe trauma
cases. It is thought that these infections often
are a result of gut hyperpermeability and
bacterial translocation to systemic circulation.
A recent study illustrates the need for
glutamine supplementation in these patients.
Sixty patients with multiple trauma were given
glutamine-containing enteral nutrition for at
least five days following their injuries, with
dramatic results. Incidence of pneumonia was
17 percent in the glutamine group, compared
to 45 percent in the control group (p<0.02).
Bacteremia occurred in seven percent of the
glutamine group and 42 percent of the control

group, and only one patient (3%) in the
glutamine group had sepsis, compared to eight
of the controls (26%). The researchers noted
the majority of bacteremia and sepsis cases in
the control group involved gram-negative
bacteria, while none of the bacteremia and
sepsis cases in the glutamine group involved
these organisms, which lead them to believe
glutamine may have prevented bacterial
translocation from the gut. 36 It was also
suggested enteral glutamine dosing provided
better protection than TPN in trauma patients,
with a lower incidence of infections. This has
been confirmed by other studies.42,43

Glutamine and Cancer
One area of glutamine research which
has recently garnered much attention is the
effect of glutamine on cancer therapy regimens. Numerous clinical studies have been
conducted utilizing glutamine in conjunction
with radiation and chemotherapy, with promising results.
In addition to glutamine being the
principal metabolic fuel for the rapidly
proliferating cells of the intestines and immune
system, glutamine is also the main fuel for
most rapidly growing tumors, which have high
glutaminase activity, similar to small intestine
enterocytes. Tumor growth can deplete skeletal
muscle glutamine and glutathione, providing
less fuel for enterocytes and creating a
catabolic, cachectic state. It is suggested the
tumor can become a “glutamine trap,” further
enhancing systemic glutamine loss. 44
Researchers investigated the consumption of
glutamine by colonic tumors and noted these
tumors did not extract glutamine at a greater
rate than normal intestinal tissue, regardless
of the tumor size, type, differentiation,
classification, or vascularization.45 Regardless
of the speed of uptake, the mass of the tumor
could potentially rob glutamine from all
healthy tissue.
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with controls. Glutamine supplementation also
prevented the significant reduction in lymphocyte count seen in the control group.56
Severe oral mucositis is common in
bone marrow transplantation, a severe yet potentially lifesaving treatment which includes
whole body irradiation and chemotherapy.
Oral glutamine (one gram four times per day)
was administered to patients having bone marrow transplantation, and a significant reduction in oral pain and mucosal inflammation
was observed.57
Animal studies with methotrexate chemotherapy have demonstrated that glutathione
given with methotrexate increased tumor
methotrexate concentration and tumoricidal
activity. This combination also reduced the
incidence of methotrexate-induced side-effects
of gut toxicity and sepsis, and improved survival rates.58-63 The mechanism is unclear, but
may involve methotrexate conjugation by
glutamine, reducing the metabolism of methotrexate, or possibly increased glutathione synthesis and subsequent cellular protection promoted by glutamine supplementation.64

Discussion
Although glutamine is formed in the
body from de novo synthesis, and is part of an
everyday diet, bodily stores can be
overwhelmed by injury, burns, surgery,
overtraining, or cancer. Enterocytes,
fibroblasts, lymphocytes, and macrophages
use glutamine as a metabolic fuel, and the
functioning of these cells can be significantly
affected with glutamine depletion. Glutamine
supplementation via oral, enteral, or parenteral
routes increases skeletal muscle glutamine
stores and has been shown to improve gut
permeability and mucosal morphology, as well
as markers of immune function.
Glutamine supplementation is necessary in trauma and surgical patients, and in the
critically ill to prevent gut mucosal atrophy,
infection, and to reduce gut permeability, sepsis, and possibly multiple organ failure. More
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There has been some concern about
supplementing cancer patients with glutamine,
as it was hypothesized that supplementation
may increase tumor growth. In vitro cell culture studies do, in fact, show a dependence on
glutamine and increased cellular growth with
the addition of glutamine.46-49 This has not been
proven to be the case in vivo.50-52 In fact, an
animal study demonstrated the opposite finding — glutamine supplementation reduced
tumor growth. In this study, tumor growth was
reduced by 40 percent, and a 30-percent increase in NK activity was noted as well. The
authors stated, “These data indicate that oral
glutamine supplementation, through support
of host glutamine stores and glutathione production, may decrease tumor growth by enhancing NK cell activity.”54 In a study of fibrosarcoma in rats, Klimberg et al found
glutamine supplementation of an enteral diet
increased muscle glutamine by 60 percent
without stimulating tumor growth or tumor
glutamine utilization.52 A cell culture study
using stimulated neutrophils and tumor cells
which were incubated with glutamine demonstrated inhibition of glutamine uptake by malignant cells due to the anti-tumor activity of
the stimulated neutrophils.53 These findings
suggest glutamine might stimulate some tumor cell types but not others, or it may stimulate cell growth, while at the same time increasing cellular anti-tumor immune function
via increased NK cell activity or neutrophil
activation.
The rapidly growing cells of the intestinal tract are easily killed by radiation and chemotherapy. Glutamine supplementation in rats
subjected to abdominal radiation prevented the
expected gut mucosal ulceration and increased
permeability. A significant decrease in mortality (zero versus 45% in controls) was also
noted after eight days.55 In a study of patients
undergoing radiation and chemotherapy (cisplatinum and 5-fluorouracil) for esophageal
cancer, glutamine supplementation (30 g/day)
prevented the increase in gut permeability seen

intense study still needs to be conducted to
confirm the latter.
Cancer can cause a great loss of
glutamine from skeletal muscle, reducing the
amount available for normal metabolism by
enterocytes. It appears glutamine supplementation can ameliorate loss of glutamine stores
and improve gut and immune function, but this
information should be balanced with the possibility it might also increase the growth of
some tumors.
Standard cancer chemotherapy and radiotherapy regimens can be very damaging to
normal tissue. It now appears the use of
glutamine in these patients can prevent many
toxic side-effects, increase tumor concentration of methotrexate, and increase tumoricidal
action. More research is required to determine
the mechanisms of the protective and cytotoxic
actions of glutamine.
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