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orted in Parkinson's, Alzheimer's, and
e other degenerative brain diseases.1,5,6

arkinson's disease, GSH levels are
matically reduced in the substantia
ra (the area of the brain associated
 this disease).10,11 In Alzheimer's dis-

e, GSH is decreased in the cortical
s and the hippocampus.10,11 The cause-
-effect relationship between low GSH,
ative stress, and neural cell death is

ngly suggestive; however, it has not
rly been established as yet in these
ological states.
ow GSH values are found in cancer

ents, especially in those with wasting
te-stage diseases.1,3,4,6 Evidence suggests
 GSH is important to protect the body
inst the development of malignancy
ameliorate the side effects of therapy.
 intracellular depletion of GSH has
 implicated, for example, in the devel-
ent of skin cancers and renal and
tic tumors.4 In addition, Ripple et al12

ided in vitro evidence that low GSH
es may precede the development of

cer in the prostate. The antioxidant

 detoxifying properties of GSH are
ortant in protecting cells against
rmal intracellular levels of ROS and
ical carcinogens that can lead to can-
evelopment.

t has been well-established that the
 pool is unusually low in individuals
 HIV/AIDS.1,6 This can be partially

ibuted to chronic oxidative stress.13

 deficiency in HIV/AIDS is an impor-
 issue, contributing to many of the
plications of this disease, particularly
immune deficiency. Thus, many lym-
cyte functions are compromised by
 GSH, such as lymphocyte prolifera-
 or the destruction of virally infected
s by "killer" lymphocytes. Further-
re, an imbalance of the GSH status
irectly results in upregulation of
ammatory cytokines (some of which

ote wasting), increased viral replica-
, and increased apoptosis (death) of T
phocytes.13,14 In 1997, Herzenberg et
directly demonstrated the critical
ortance of GSH by showing that HIV-
itive individuals with higher GSH lev-
urvived significantly better than those
 lower values.
ressure ulcers often fail to heal, one
on being lack of amino acids needed

for growth of new tissue.16 GSH deficiency
is another important factor since most
pressure ulcer patients are older and at the
same time are suffering from many other
medical conditions.16 The GSH system
plays an important role in many of the

processes involved in wound healing, such
as opposing the oxidative stress associated
with inflammation and infection, and par-
ticipating in many of the processes associ-
ated with proliferation of cells to form
new tissue. Direct evidence for the role of
GSH in wound repair has been shown in
experimental mouse17- and rat18 models.

When the amino acids (cysteine in par-
ticular) are not available to make GSH, ,
these must be obtained from breakdown of
lean muscle mass. This can lead to protein
malnutrition and ultimately to wasting.
This condition is seen, for example, in
advanced cancer patients, older adults,
and patients with pressure ulcers.

AGING
Popular theory holds that the process

of aging is a function of "free radical dam-

age."6 ROS accumulate in the tissues faster
than they can be neutralized by the
antioxidant capacity of the cells, thus
implicating the GSH system. In support of

this idea, a progressive loss of intracellular
GSH has been observed in aged tissues.
Thus, Lang et al19 found that 40 young
subjecs (aged 20 to 39) had a blood GSHGSH
value averaging 17% higher than 60 older
subjects (aged 60 to 79). Julius et al.20 mea-
sured GSH concentrations in 33 people
aged 60 to 79 and found a direct relation-
ship between higher GSH values and
increasing age with good health.

STRATEGIES FOR RESTORING GSH
Some GSH is obtained directly from

the diet (averaging 150 milligrams per
day), especially fruits and vegetables,
but the majority of the body's GSH must
be synthesized intracellularly. Much of
this occurs in the liver. Approximately
80% of the liver GSH is exported to the
plasma and is largely used by the kid-
neys for detoxification. A number of
strategies exist for assisting the body in
GSH repletion.

Oral administration of GSH is not
effective, although intact aerosol GSH can

be delivered directly into the lungs in pul-

monary disease to raise GSH levels in the
epithelial lining fluid. Intravenous deliv-
ery is also effective but impractical.

GSH synthesis is limited by the avail-
ability of cysteine, so provision of this
amino acid provides the means whereby
GSH synthesis can be augmented. Free
cysteine, however, is unsafe for routine
oral administration since it readily auto-
oxidizes in the circulation to form poten-
tially toxic degradation products. Cysteine
can be generated from methionine (via S-
adenosylmethionine to homocysteine to
cysteine), which is available as a dietary
supplement, but this pathway may be
inactive in neonates and adults with liver
disease. Moreover, the body utilizes
methionine in two other metabolic path-
ways as well.

A number of drugs exist that can be
used orally to deliver cysteine precur-
sors. Of these, N-acetyl cysteine appears
to be the safest and most frequently
used. Depending on the dose given, side
effects have been reported, including
nausea and other gastrointestinal prob-
lems, rash, and wheezing.

The best and most natural source of
cysteine for GSH synthesis comes from
dietary protein. It has recently been dis-

covered that whey proteins provide the
richest source of this amino acid. It is
present as cystine (two molecules of cys-
teine linked by a disulfide bond), which
is more stable than cysteine. The disul-
fide bond is pepsin- and trypsin-resistant
but may be split by heat and mechanical
stress. Thus, only whey proteins that
have been prepared using very gentle
processes retain cystine. Following
digestion, the cystine is absorbed from
the gut intact and only split into cysteine
once it is safely inside the cell.

Nutritional strategies for raising GSH
in patients with many of these conditions
should prove highly beneficial.

— Patricia Kongshavn, MSc, PhD, is a
former full professor, faculty of medicine,

McGill University, Montreal, and currently
acts as a consultant for Immunotec

Research Ltd, Montreal.

For references, e-mail
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