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Abstract — Tissue wasting often occurs during human immunodeficiency virus infection and

acquired immune deficiency syndrome. While weight-loss in

the human immunodeficiency

virus-infected Individual can be seen as an isolated symptom, catabolism during acquired

immune deficiency syndrome is usually assocl

malabsorption, fever and secondary.infection. Glutamine

ated with complications such as diarrhea,

is an amino acid central to many

important metabolic pathways and recent findings suggest that glutamine depletion may
explain the progression of tissue wasting during human immunodeficiency virus infection,

GIntamine

Glutamine js the most abundant free amino acid in the
body, but this amino acid has usvally been classified
as 2 nonessential nuirient because it can be synthe-
sized in most tissues, The concentration of glutamine
exceeds all other amino acids and, in plasma, its con-
centration is at Jeast four to five times greater than
other amino acids, except zlanine and valine (1). In
the skeletal muscle-free amino acid pool, glutamine
and taurine are the most abundant amino acids with
al] other amino acids comprising less than 30% of this
compartment (2). Glutamine turnover is highly regu-
lated and this five-carbop amino acid which carries
two nitrogen groups is a major compound for shuttling
nitrogen. from one tissue in the body to another.

Few investigations were directed towards under-
standing how glutamine participates in physiological
and biochemical homeostasis prior to the 1980s.
This occurred for several reasons. First, glutamine
was considered to be nonessential — sufficient qnanti-
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ties of glutamine were thought to be prodnced under

all metabolic conditions to provide adequate amounts -
of this amino acid to meet tissue demands. Secondly,”
unti] the Jate 1970s, analytical methods for the precise

measurement of glutamine in. biologic tissues and fv-
jds were still impmature. It was with the emergence
of high-pressure liquid chromatography coupled with
fluorescent detection technology which allowed more
precise measurement of this molecule in biological
systems. As a result, research into glutamine’s tole in
metabolism escalated. Finally, glutamine was found
to be essential for the normal function of many cells
and organs, and investigators have subsequently pursued
the mechanisms by which this amino acid plays ifs
pivotal role in cell replication. and function.

Glutamine, muscle and interogan flux

While it was known, that glutamine concenirations i
skeletal muscle fall repidly during catebolic states —~
e.g. injury, sepsis, the stress of operation — ji was not
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until the early 1980s that the etiology of the decline
of glutamine in skeletal muscle was understood (3-5).
Tn initial studies, glutamine uptake or release from
skeletal muscle was determined in. the basal state and
during simolated stress (6). At rest, skeletal muscle
constantly teleased glutamine, but this rate of net
efflux increased 3- to 4-fold during stress simulated
by the administration of glucocorticoids. Tnitially,
the glutamine Jost from skeletal muscle came from.
the intracellular pool resulting in a decrease in the
glutamine conceniration. in. this coropartment. How-
ever, glucocorticoid administration resulted in in-
creased skeletal muscle protein breakdown and in
the stimulation of de novo glutamine sypthesis. Thus,
dJuring stress states, glutamine accounted for about
one-third of the amino acid nitrogen exported from
skeletal muscle (although it only comprises 4-5% of
skeletal muscle protein). This high rate of glutamine
production by muscle was matched by enhanced np-
take of gluramine by the intestinal fract, Jiver, Jkidneys
and cells of the immune system. (7,8).

Plaswa concentrations of glutamine represent the
bajance between ghutamine prodnction (primarily by
skeletal ynuscle) and uptake hy other tissues. In the
carly stage of metabolic stress, glntamine production.
exceeds uptake and hence plasma concentrations Tise.
With prolonged stress, glutamine vptake, by tissues

exceeds the production rate and plasma concenfra-

tions of glutamine fal} below normal. Simultaneously,
copcentrations of glutamine within skeletal muscle
fall. Net skeletal muscle protein synthesis also de-
clines and skeletal muscle atrophics as this Jean
fissue attempts to provide the increased glutamine
requirements of visceral tissne. .

1f the catabolic event is self-limiting, glutamine re-
guiremnents are diminished and skeletal muscle retims
to 4 potential anabolic state. Glutamine concentrations
within the skelefal muscle-free amino-acid pool rise,
skeletal muscle protein is synthesized and muscle
mass is restored (9). Even under optimal circum-
stances, glutamine is the last amino acid o retum,
to pre-stress levels. Not until glutamine Jevels are
normmal will muscle synthesis return to a normal. rate

(10,11).

Gluramine and the immune system

Newsholme et al have demonsirated that in vitro
Jymphocyte and macrophage functions are dependent
on glutamine utilization as their primary fue] source
(12). Fven at thmes of immune quiescence, there js
a high rate of glutamine consumption and oxjdation
by these specialized cells. When lymphocytes pro-
liferate or cells are stimuwlated to phagocytize, the
demand for ghiamine increases several-fold. In sitva-
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tiops associated with ephanced glutamine conswmp-
tiom, i.e. weight-loss, infection, inflammation, plasma
glutamine concentrations are Jow and immunological
function s often depressed (13,14). The provision
of exogenous ghutamine in these situations has been.
shown, to restore plasma levels and irprove immuno-
Jogica) function.

Tor example, in one double-blind, randomized,
prospective trial, glutamine was administered to indi~
viduals undergoing total body irradiation and exten-
sive chemotherapy in preparation for bone marrow
transplantation (15). The patients who received
glutamine had significantly Jess bacterial contamina-
fion and infection when compared with a contro)
group who did not receive glutamine. This was asso-
ciated with a more rapid maturation. of lymphocytes,
particularly T lymphocytes, in the patients receiving
glutamine when compared with controls (16). In a
second study in postoperative patients, proliferative
responses of T cells were enhanced with administra-
tion of a glutamine-containing intravenous solution
an.

Tp vitro studjes have belped elucidate the mecha-
nism that explains some of these effects, For example,
glutamine enhances neutrophil function from. cells
obteined from immuposuppressed burn patients (18).
Tt also increases natural killer cell actvity (19), and

stimulates TgA production and to aid the defense -

mechanism. of the bowe] (20). Because these responses
are dose-dependent, an abnotmally Jow plasma con-
centration of glutamine has been associated with
immune suppression in humans.

Glutamine and glutathione

Gutathione is the major intracellular scavenger of
free radicals, those highly charged products of oxida-
tive reactions which damage the body's tissues.
Glutathione is a. mripeptide composed of gamma-
ghutamyl-cysteinyl-glycine. This molecule functions
nonenzymatically by reducing the cysteine thiol groups
of proteins and thereby protecting the cell against
oxidative damage. It also functions enzymatically as
part of the glutathione S.transferase system, to defoxify
substances such as xenobiotics.

Extensive work by Meister et al suggests that cysteine
is the rate-limiting faitor for glutathione production n
the body under many usual condifions (21). Hong and
colleagues extended these investigations by demon-
strating that once ¢X0genous cysieine (or a precursor)
is provided, glutamine becomes yate-Jimniting for glu-
tathione production. (22). Providing glutamine during
a variety of stress states associated with oxidative ip-
jury maintained glutathione and reduced cell damage,
organ dysfunction, morbidity and mortality. More-
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over, maintsnance of intracellular ghutathione stores
enbanced function and proliferation of immuno-
logically active cells,

With the elaboration of cytokines, tissue damage
may occur during times of infection and inflammation
(23). This process can be down-regulared by main-
taining normal concentrations of antioxidants in tis-
sue. Glutathione plays a major role in this process
and glutamine, which under these conditions is rate-
limiting to glutathione biosynthesis, becomes essen-
tial to this homeostatic mechanism,

Glutamine and the gastrointestinal tract

Glutamine is the primary fuel for enterocyres, the
lining cells of the small intestine (24). Animal stidies
have demonstrated that both preservation and growth
of the small bowel mucosa ocour during infusion of,
glutamine-enriched intravenous amino-acid sojutions
(25). Tn. contrast, glutamine depletion resnlts in atro-
phy of the intestinal mucosz, Exogenous glutamine
protects the small-bowel mucosa during administra-
tion of cytotoxic chemotherapy (26) or abdominal
irradiation (27). The provision of dietary glutamine
also reduces the severity of chemically induced entero-
colitis and bacterial wanslocation (28), and enhances
water and sodium absorption across the jejunum during
diarrhea asgociated with microbial infection (29).

While many of these stdjes have been performed
in Jaboratory models, buman studies have recently
reported resulfs which confinm the protective effects
of glutamine. In. ove such. trial, glutamine preserved
gut integrity by decreasing gut permeability and main-
tajning bowel cellularity compared to a group of con-
frol patients who did not receive dietary glutamine
(30). In 2 second study, glutamine enhanced, intesrinal
absorption in a group of critically ill parients re-
ceiving long-term parenteral nutrition (31). Finally,
oral glutamine supplementation has been shown to
decrease intestinal permeability and emhance the
nuiritional status of patients with, inflammatory bowel
disease (32).

Metabolic demands of human immunodeficiency
virus infection

During the initial period of human immunodeficiency
virus (HIV) viremia and jis subsequen), ‘latency’,
rapid proliferation and turnover of immune cells occur
which significantly enhance the demand for gluta-
mine. Glutamine concentrations fall and glutathione
stores are depleted, even in asymptomatic individuals
(33,34). During inflammatory states, glutathione defi-
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factor production and enhanced tissve damage by °.

reactive oxygen species. This further compromises the
individval with HIV by stimulating viral replication,
Enhanced cell proliferation and inflammation simg).
tanconsly enhance the individual’s glutamine require.
ments. These needs are initially met by the accelerated
skeletal-muscle breakdown and the increased effiyy
of glutamine from the lean body tissue to the meta.
bolically challenged areas of the body. Glutamine
translocation. from muscle to visceral tissue is further
accelerated during periods of opportunistic infections

.. agsociated with pneumonia and diarrheal diseage,

Fever, anorexia, malabsorption. and malnutrition add
to the metabolic demands and limit repair because of
the increased competition for nutrients.

Methods to reverse weighi-loss using progesterone
analogs, marjjuana detivatives and tota] parenteral nu-
wition usually promote weight-gain of adipose tissue
or gain. in. body-fluid without restoring the protein-
containing lean body tissue (35~37). Thus, lean tissue
is nor restored. following infection and repeated epi-
sodes tesult in progressive and Jife-threatening ero-
sion. of body-cell mass, pronounced loss of skeletal
muscle and pronounced functional debility.

Hypothesis of glutamine deficiency in buman
immunodeficiency virns infection

-

Glutamine is essential to support many of the meta-
bolic processes which are critically affected during

HIV infection. This chronic demand for glutamine is.

interspersed with intermittent periods of even, greater
glutamine reqguiremnents during associated secondary
jnfections, nonspecific diarrhea and fever. Much of
the pharmacotherapy aimed at symptomatic treatment
may add fo this increased demand on glutamine by
stimulating the hepatic detoxification system which
vtilizes hepatic glutathione 1o metabolize the byproducts
of administered drugs. : _
As glutamine nceds increase, muscle breakdown is
enhanced ip an attempt o satisfy these requirements,
resulting in mwscle arrophy. Treatment which focuses
on enhanced caloric and protein intake may in some
ingtances overcome this deficit, However, this adapta-
tion appears to occur infrequently for most recovery
weight gain in the HIV individual is adipose and nor
lean body tissue. Plant apd animal protein provided
by food contains only 4-6% of its amino-acid. content
as glutamine and food-processing may cause degrada-
tion. of the fragile bond of the amide nitrogen, thus
further reducing the availability of glutamine. Most
commercially available nutritional supplements con-
taip jnadequate amounts of glutamine or are totally
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