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Glutathione and Glutathione Pro-drugs

Recently published studies on the bio-availability of orally administrated GSH in human have
been disappointing. These studies have shown no significant increase in plasma cysteine or GSH
after oral administration of 3g of GSH in healthy volunteers. This may be due to hydrolysis of
GSH by intestinal and hepatic gamma-glutamyl transferase (Yamauchi, 1990). However, oral
administration of 25 mg OTC/kg in heaithy volunteers and in HIV-infected individuals alone, or
in association with intramuscular injection of 800 mg GSH per day, was successful in increasing
the total GSH in the blood (Witschin et al., 1992).

N-acetylcysteine (NAC), another GSH-promoting agent, is currently under investigation. Four
hours after a single dose of NAC given orally to HIV-infected patients, the concentration of
cysteine in plasma and mononuclear cells increases and GSH concentration is moderately higher
than before, or 2 hours after NAC administration. A sustained increased in intracellular cysteine
may be necessary to narmalize intracellular glutathione. This may be accomplished by repeat
administration of NAC (Giorgi et al., 1992; Mihm et al., 1991; Ruffmann and Wendel, 1991).

Desferrioxamine (DFO)

A retrospective study looking at the median daily dose of desferrioxamine in a cohort of 69 HIV-
1 infected thalassemic patients and the rate of progression to stage IV CDC classification over 6
years concluded that patients who received 40 mg/Kg daily of DFO as a chelating agent for iron
overload had an 11% risk of progression as compared to 40% for those who received less than
40mg/kg/day (p <0.001). When the dose was taken as a continuous variable it was found that the
rate of progression was significantly slower in thalassemic patients receiving a higher dose
(p<0.003). (Costagliola/Baruchel personal communication).

IMMUNOCAL™

Based on the animal experiments, a pilot study was undertaken at McGill University in order to
evaluate the effect of a diet enriched with IMMUNOCAL™ in four HIV-infected asymptomatic
individuals and one AIDS patient during a period of 3 to 5 months. IMMUNOCAL™ was
dissolved and taken in a cold flavored drink in quantities progressively increased from 8.4 to 39
g per day. In 4 HIV asymptomatic patients who regularly took the product, no side effects were
noted and the patient’'s body weight increased progressively during the study by an amount
varying from 2 to 7 kg. As expected, the blood mononuclear cells' GSH content was below
normal value in all patients at the onset of the study. In 3 of the asymptomatic HIV-infected
patients, the GSH level increased over a 3 month period, and in one case returned to normal
values (70% increased in concentration). Three comparable patients on their usual standard diet
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over the same period showed some weight loss and no change in their blood GSH mononuclear
cell content. After 5 months of treatment, the patient with AIDS showed weight stabilisation and
had his intracellular GSH reach normal values. These preliminary data indicate that, whenever
patients maintained their overall energy and protein intake, they either stabilized or increased
their body weight as well increasing their GSH in lymphocytes. This confirms the potential for
IMMUNOCAL™ g5 a glutamyl-cysteine delivery system (Bounous et al., 1989).

This new nutritional approach to HIV-positive individuals or patients suffering from full blown
AIDS must be considered a nutriceutical form of therapy and is currently under investigation in
a population of children suffering from AIDS and wasting syndrome in order to confirm and
extend our preliminary data and to attempt to correlate the GSH modulating activity of
IMMUNOCAL™ with both quantitative and qualitative immunological parameters.

Conclusion

There is certainly enough rationale and in vitro data to consider antioxidant therapy in
association with antiretroviral therapy in HIV infection. Caution should probably be exercised
before using any antioxidant in order to avoid any toxic side effects. An important prerequisite is
good pharmacological monitoring of oxidative stress as an important part of any such trial. The
parameters of such activity must be clearly defined if such therapy is to gain general utility. In
addition, studies of viral burden will be necessary in the patients under investigation.

Furthermore, it must be noted that whereas lowering levels of reactive oxygen species may have
beneficial biological effects, it is possible that excessive antioxidant protection could have some
deleterious effects such as possible paradoxical immunosuppression. A good candidate for
clinical monitoring of oxidative stress is GSH. Good biochemical techniques are available for
measuring GSH in mononuclear cells. Flow-cytometric evaluation of GSH in T cell subsets is
also available, but needs some standardisation and good correlation with the biochemical assay.

Pro-drugs of GSH such as N-acetyl-cysteine and 2-L-oxothiazolidine are currently in phase 1
investigations but results are not yet available. Nutritional interventions through a modified
dairy product is an attractive approach to a cysteine delivery system and GSH elevation, and
studies are currently ongoing in order to confirm our preliminary results.
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