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Research has shown that higher glutathione levels clearly correlate with increased
aurvival in HIV+s. Unfortunately, research has alsoshown that cellular levels of glutathione go
downhill as HIV disease progresses and that levels in plasma, lung fluid, and T cells are
frequently deficient, even in very early disease stages. This may result from a combination of
incr eased oxidative stressinthe body and decr eased synthesis of glutathione in the liver. Proper
glutathionelevelsare critical to immune function because it isthe most important intracellular
water-solubleantioxidant. 1t isacofactor for theantioxidant enzymesglutathioneper oxidaseand
glutathione transferase. It isalso necessary for competent lymphocyte function, induding the
activity of cytotoxic T cells. Inaddition, theliver usesglutathionefor the detoxification of drugs.
When levels of glutathionein theliver aretoolow, itsability to properly break drugsdown may
be compromised. Optimal levelsof glutathione are also necessary for theimmune defenses of
the lungs. Glutathione deficiencies may increase the risk of lung infections. Studies done at
Stanford Univerdity, the National Institutes of Health, and a humber of European research
institutes have shown that N-acetyl-cysteine (NAC) works both directly and indirectly as an
antioxidant, helping toraise glutathione levels back toward normal. Glutathioneitself has been
shown to exert inhibitory effectson HIV smilar to that of NAC. Although most of thediscussion
of glutathione in the HI'V community has focused on NAC, the use of vitamin C, alpha-lipoic acid,
and L-glutamine are also very important to give the body what it needs to fully replenish
glutathionein all the placesthat it isrequiredand maintain optimal levelsover time. Restoring
and maintaining glutathione levels may be one of the very most important things you can do for
long-term survival.!

Resear cher s believethat restoring glutathionelevel scan reduceoxidativedamage, inhibit
HIV gimulation by inflammatory cytokines such as tumor necrosis factor, and block viral
production. In vitro research done at Kumamoto University in Japan has shown that NAC
significantly depressesboth HIV Tat activity and HIV infectivity, and is active in both acute and
chronically infected cells? It may also help restore the function of T cells, reduce the wasting
oftenseenin later stages, and prevent apoptosis. The latter may be particularly important since
this programmed cell death is thought by some resear chersto be a major cause of the loss of
CD4 cells. Drs. Paul Sandstrom (Retrovirus Diseases Branch, Center sfor Disease Control and
Prevention, Atlanta, Georgia), Thomas Buttke (Department of Microbiology and | mmunology,
East Carolina University School of Medicine, Greenville, North Carolina) and their colleagues
have producedsubstantial r esear ch showing that oxidative str ess may induce apoptosis and that
antioxidants such as glutathione and NAC may block this process® Glutathione isimportant to
immune function in a number of ways, including its effects on the synthesis and turnover of
interleukin-2 receptors? Thosereceptorsare, of course, critical tothe use of interleukin-2, the
body's natural growth hormone for T cells. For that reason, the use of glutathione-raising
supplements in conjunction with IL-2 therapy is probably very important. [See discussion in
Chapter Seven, Interleukins,] Several researchers have strongly suggested that glutathione
replacement ther apy may be effective in dowing disease progr ession and delaying development
of opportunigtic infections®> A number of very important papers on glutathione wer e presented



at a conference held at the National Institutes of Health, (Conference on Oxidative Stress in
HIV/AIDS, National Institutes of Health, Bethesda, M aryland, November 8-10, 1993). The
scientiststherereported that glutathioneisdecreased in all T cells in HIV+ people, averaging
only 63% of normal in CD4's and 62% of normal in CD8's, and that this decr easein glutathione
levels begins in the fir st week's of infection and grows wor seover time. Dr. Leonard Her zenberg
of Stanford University under scored the importance of this by his statement that even a 5%
decr easein glutathione yields a significant decr easeinimmune effectiveness, eveninthosewith
still-high (even normal) CD4 counts. It's thought that this decrease in glutathione causes
incr eased susceptibility to oxidants andinflammatory stimulations. Thisisvery likely part of the
cause of theintestinal inflammation that blocks uptake of nutrients.

In addition, glutathione helps to regulate the release of cytokines like tumor necrosis
factor (TNF), elevated levels of which are a known cause of wasting. Interestingly, it was
repor tedby a number of resear cher s that one of the results seenin various studiesof glutathione
supplementation was weight gain. In addition to its role in increasing glutathione, NAC
supplementation may also be important for preventing wasting for another reason. Cysteineis
one of the building blocksof body proteins sothe lowlevels of cysteine that people withHIV have
(because of the highlevels of oxidative stress) may prevent proper building of proteins. A direct
mechanism of wasting, even in the absence of HIV infection, isthe result of the priority the body
places on maintenance of the enzyme trypsin which requires cysteine for its production. When
dietary cysteine sources are low, the body will rob other body protein in an attempt to maintain
thisimportant enzyme® Thisisobvioudy a problem becausein HIV infection the body turnsto
protein as an ener gy sour ce and starts, in essence, burning up the muscles. Then thelowlevels
of cysteine may be one of the factor s that keeps the body from being abletorestorethat proten.
The end result isloss of the body's protein stor es. Supplementation with NAC may help provide
one of the needed building blocksto restore protein. [Of course, a plentiful intake of proteinin
your diet isalsoimportant; see Chapter Three; a plentiful supply of glutamine isalsocrucial; see
above.] Dr. ReneOlivier, of the Pasteur Institute, also reported that resear ch has shown that
after two to six months of NAC therapy, there is a disappearance of apoptotic cells and an
increaseincell viability, obvioudy exciting since apoptosis is thought to be a major factor in HI V-
inducedcell death. Last but not least, cysteineisa component of metallothionein, theprotein that
regulates serum levels of copper and zinc. Thus, a deficiency of cysteine may have a negative
impact on the body's ability to maintain normal levels of copper and zinc.” Supplementation may
bevery important for thisreason, also.

Theresearch presented at the NIH conference indicatesthat somewhat higher levels of
NAC than those commonly usedin the past may be necessary for the best results. Based more
on rumor than research, many people have been taking doses of 1200-3000 mg per day during
the last several years. Drs. Leonard and Leonore Herzenberg, full professors at Stanford
Univer sity and among the world'sexpertsonNAC, havecompleted atrial through their lab using
an initial dosage of 8000 mg per day, given orally.® Many peoplein their trial had to decrease
this dosage because of perceived side effects (although about as many in the placebo group as
in thetreated group decr easedtheir dosages, indicating that the NAC itself may not really have
been the problem), with the majority ending up at 4000 mg per day. The study's results have
clearly established that NAC doesraise glutathione levelsin whole blood. Sincethe study was



not designed as a dose-ranging trial, it is still not clear what the optimal dose would be for
normalizing glutathione levelsin most people. The best guessat thistime is adose of 2000-4000
mg per day.

Althoughthe fact that NAC r aisedglutathione level s was quite predictable, other findings
from this study have surprised many. Of the 97 people with CD4 counts under 200 whose
glutathione levels were tested at the beginning of the study, only 37 enter edthe trial where NAC
was given. Theremaining 60 people wer e followed over timein order to see whether theinitial
differencesin glutathione levels correlated with differencesin survival. And correlatethey did.
The finding that startled even those among us who are great believers in antioxidants was a
highly significant difference in survival between those who had low levels of glutathione when
initially tested and those who had higher levels. Thegroup with higher initial levelsof glutathione
(26 people) had approximately 85 percent survival after three years, whereas those with low
initial levels (34 people) had only 18 percent survival after three years, a truly remarkable
difference. [The exact percentages are not yet known becauseat the time of thiswriting, a few
people have not yet reachedthe three-year point; however, the per centages ar e not expectedto
change much from these)]

Again, thissurvival difference was not related to treatment with NAC since these were
the people who didn't continue inthe study. Interestingly, although thetrial in which peoplewere
givenNAC was not designedto detect survival differ ences (and wastoo small andtooshort-term
to do so), aretrospective look at those taking NAC versus a matchedgroup who did not takeit
did find a statistically sgnificant difference in survival. Those taking NAC appeared to gain
about a year of additional survival compared to those who didn't. Thus, although the design of
the study precludes saying that low glutathione in the body " causes" poorer survival, all the
findings fromthis study certainly do support that informal conclusion. You don't havetogovery
far out on a limb to say that HIV+s with higher levels of glutathione may well survive
substantially longer. For those only interested in pure science, additional research will be
required to " prove' this.

In the meantime, for those interested in survival, using all the possible approaches to
raising the levels of glutathione in the body, as well asthe levels of the other antioxidants which
recycle and regenerateit, seemslike avery goodidea. Asdiscussed intheprecedingentry, the
use of L-glutamine is particularly crucial; read that entry! In addition, usng optimal levels of
vitamin C isvery important for maintaining glutathione levels. Aswell, the use of alpha-lipoic
acid to regenerate glutathione is extremely important. German resear chers have found that
supplementation withalpha-lipoicacid resultsinincreasesin blood level s of both glutathione and
vitamin C, aswell asincreasesin CD4 cells and decreases in the body compounds that result
fromoxidative stress.’ Research carried out by Dr. L ester Packer at theUniversity of California
at Berkeley has shown that alpha-lipoic acid may, in fact, be the best way to raise glutathione
levels in people living with HIV; read that entry below! Asto the use of glutathione itself, old
resear ch had ledtoquestions about howwell glutathione absorbs orally. However, later research
countered that, showing that it is effective to takeit by mouth.'® Thus, although most research
is still centered on the use of NAC to raise glutathione, the far better approach isto use the
combinationof all the nutrientsimportant for glutathione synthesisandrecycling,indudingNAC,
oral glutathione, vitamin C, alpha-lipoic acid, and L -glutamine. Down thelinetheremay beother



products also available toincrease glutathione. Twothat arecurrently being resear ched include
adrug called Pro-Cysteine and a whey protein product currently being studied in Canada.™*

Because NAC can irritate the ssomach, the best approachtoitsuseisto begin with one
capsule witheach meal and thenincr ease by one capsule every couple of days until you're taking
2-3with each meal. At any point, if you feel ssomach irritation, cut back to the next lower dose.
In terms of the form of NAC to use, notethat an incorrect statement given out by a researcher
at the 8th International Conference on AIDS in Amsterdam in 1992 and a misinter pr etation of
the findings of an NIH study done years ago had led to the false belief that NAC is not very
bioavailable and not well-absorbed whentakenorally. TheDrs. Herzenber g havecorrected this
misinformation, stating that NAC is very bioavailable and that, in fact, it is best taken orally,
rather thanintravenoudy. TheHerzenber g study mentioned aboveused oral NAC which wor ked
well to raise glutathione levels. [See the separate entries on the other glutathione-promoting
nutrientsfor suggestionson their use]

Food sour ces of cysteine include poultry, yogurt, oats, wheat germ and the sulfur foods
that contain cysteine and/or methionine (a precur sor to cysteine production in the body) suchas
egg yolks, red peppers, garlic, onions, broccoli, and Brussels sprouts.

[2000-4000 mg/day of NAC, taken with meals, possibly with the addition of 450-1500
mg/day of glutathione, may be beneficial. NAC can cause ssomach irritation when taken on an
empty stomach so always take with food; thereisno competitive absorption problem between
NAC and other amino acids and, thus, no reason to take it on an empty stomach; thisis an
incorrect myththat keeps being r epeated by those who don't under sand the biochemistry here.]
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