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Abstract

The role of antioxidants in preventing apoptosis and viral activation in HIV is well
documented. N-acetylcysteine, glutathione, and alpha-lipoic acid have been shown to
interrupt the process of viral activation and CD4 cell death. L-glutamine has been shown
to improve glutathione levels and significantly increase lean body mass in HIV infection.
The literature on the use of L-carnitine and acetyl-L-carnitine in treating mitochondrial
toxicity, both in muscle and nerve pathologies is relevant in nutritional treatment of HIV,
given the mitochondrial toxicity of nucleoside analog reverse transcriptase inhibitor
therapy. The current use of highly-active antiviral therapies, their toxicity, and significant
failure rates have created the need for a more conservative reassessment of HIV
treatment. The adjunctive use of nutrient therapy in the treatment of HIV is reviewed
here.

(Altern Med Rev 2000;5(4):290-305)

The Importance of Redox Homeostasis in HIV

HIV infection and the progression to AIDS involves a long period of latent infection
characterized by low levels of viral replication that slowly increase to the point of immunosup-
pression.! This progression is accelerated if the latent (non-reproducing) provirusin the nuclel
of the lymphocyte is activated.? Oxidative stress induces both viral activation of HIV and DNA
damage, leading to immunosuppression.*® It isnow generally accepted that acentral pathologic
feature of HIV disease involves oxidative stress, leading to programmed cell death (apoptosis)
and depletion of CD4 cells.®’ It has been hypothesized by Montagnier and others®® that the
majority of T-helper (CD4+) cell loss (the cell most susceptibleto fatal injury by HIV) actually
occurs by apoptosisand not by direct HIV infection. This phenomenon has been seeninin vitro
culture and in peripheral blood lymphocytes from HIV-infected patients.

Evidence of increased oxidation reactions,'* depletion of the glutathione-based antioxi-
dant defense system,*? and increased levels of oxygen radicals have been demonstrated in the
blood and tissues of HIV-infected individuals.® Elevated levels of hydroperoxides,*?
mal ondialdehyde,'* and deficiencies of the critical antioxidant enzymes manganese superoxide
dismutase, glutathi one peroxidase, thioredoxin, and catal ase have been demonstrated in plasma,
lung lining, erythrocytes, and lymphocytes in HIV-infected individuals.*"** Nutrient malab-
sorption, glutathione and selenium depletion, and reduction of total thiol (cysteine) levels have
all been observed to be associated with the pathology of free radical overload that leads to the
cellular apoptosis of T lymphocytes.™
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Glutathione: Antioxidant and

Antiviral

Glutathione, the most abundant cellu-
lar thiol, provides the major antioxidant de-
fense mechanism in all mammalian cells by
neutralizing toxic peroxides.’® It also helpsto
maintain levels of ascorbate and tocopherol by
acting as a reducing agent.'” Glutathione is
necessary for maintaining immune mediated
T-cell activation and phagocytosis, in addition
to cellular and antibody mediated cytotoxic-
ity,’® and a normal balance between the T-
helper cell 1 (IL-2, IL-12, gamma-interferon)
and the T-helper cell 2 (IL-6, IL-4, tumor ne-
crosis factor-alpha, 1L-10, IL-1) cytokine re-
sponse profile.r® Glutathione conjugation is
also the primary mechanism of eliminating
electrophilic xenobiotics (some of which are
carcinogens) in the liver.?

Glutathione deficiency has been theo-
rized to be the cause of the increased sensitiv-
ity HIV-infected individual s haveto high doses
of acetaminophen and sulphamethoxazole, a
medication used in the prevention of
Pneumocystis pneumonia. The metabolic fate
of these medications, the hepatic glutathione-
S-transferase/mercapturic acid pathway, isless
efficient in individuals with glutathione defi-
ciency.??* Plasma glutathione levels in HIV-
infected individuals, even in the asymptom-
atic state, have been found to be depressed as
early as three weeks post-infection.’® Glu-
tathione levels in lung epithelial fluid have
been found to be depressed as much as 60 per-
cent when compared to HIV-negative con-
trols.® Intracellular glutathione levelsin both
infected CD4 and CD8 lymphocyte subsetsare
also significantly depressed; levels from 62-
69 percent of normal have been found in the
CD4 and CD8 lymphocytesof HIV and AIDS
patients.’? These figures become relevant in
light of studies that show glutathione reduc-
tion of 10-40 percent is capable of completely
inhibiting T-cell activationin vitro.?® While not
all studies have found depressed glutathione

levels in plasma or lymphocytes of infected
individuals,?"?® levels of reduced glutathione
do appear to be disturbed in HIV.?® Research
assessing ratios of reduced-to-oxidized glu-
tathionein HIV-positive patientsfound signifi-
cantly increased level s of oxidized glutathione
and subsequently lower levels of reduced glu-
tathione when compared to HIV-negative con-
trols.® These disturbances were greater in pa-
tients with more advanced disease, the ratios
being higher than have been found in human
lymphocytesin any other disease state.*® L ow
serum thiol levels (precursors to glutathione)
have been shown in HIV-infected, injecting
drug users (IDU) to be associated with an in-
creased risk of mortality: IDU with low se-
rum thiol levels are 5.65 times more likely to
experience an accelerated time-to-death.®

Mechanisms of Apoptosis
Theresponseto antigenic material and
the presence of cytokines, hydroxyl radicals
or other viruses can trigger the activation of
nuclear factor kappaB (NF-kB).?2 A gene-
transcription regulating factor present in
lymphocytes, macrophages, and monocytes,
NF-kB activates genesin the nuclear material
of these cells, resulting in production of
cytokinesand major histocompatibility (MHC)
agents.® NF-kB also binds to HIV proviral
gene material in the nucleus of HIV-infected
cells and activates HIV replication.® Vira
replication, inturn, increases cellular levels of
cytokines, like tumor necrosis factor-alpha
(TNFa), that promote the production of free
radicals and the activation of NFkB, initiating
a vicious cycle of viral replication and free
radical production.?® The presence or absence
of reducing thiols (sulfhydryl groupsthat form
the basisfor antioxidant enzymes, glutathione,
etc.) appears to directly affect this cycle. In
cell cultures where glutathione levels or thiol
levels have been depleted, the TNFa-
stimulated activation of HIV isenhanced.® In
cell cultures where N-acetylcysteine (NAC)
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Figure 1: Synergistic Effects of Thiol-Enhancing Substances and
Anti-retroviral Drugson HIV Infections.
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(an efficient thiol source and glutathione
precursor) is added, the activation of NF-kB
is blocked (Figure 1).% Glutathione has aso
been shown to directly inhibit the activity of
reverse transcriptase (a major enzyme
necessary for HIV replication) by 80-90
percent in cell cultures.®

Glutathione Restoration

Theattempt to find antioxidantsor glu-
tathione* pro-drugs’ that recreate normal glu-
tathione states and block production of TNF-
o and NF-kB has led to the creation of anti-
oxidant strategiesfor preventing CD4 cell de-
cline.** Data showing that cysteine, N-
acetylcysteine (NAC), reduced glutathione,
and ascorbic acid all suppress NF-kB activity
and HIV activation in cell lines® has resulted
in the production of drugs like
L-2-oxothiazolidine-4-carboxylic acid (OTC)

or “Procysteine.” While OT C has been shown
to increase lymphocyte glutathione levels in
healthy subjects, it is not itself an antioxidant
and has not been shown to be as effective as
N-acetylcysteine.*® When OTC was compared
to NAC, NAC was more effective at decreas-
ing cytokine-induced HIV replication in dif-
ferent cell lines and replenishing intracellular
glutathione levels.®

Glutathione, administered oraly, has
been demonstrated to be absorbed by rat
intestine, kidney and lung epithelium,* but
intact glutathione cannot be absorbed by T-
cells, unless it is given as a glutathione
monoester.®” Glutathione monoesters,
however, have been associated with significant
toxicity.® Studies with oral dosing of
glutathionein healthy human volunteers have
shown no increase in cysteine, glutathione, or
glutamate level s after a3-gram dose,* leading
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the authors to conclude: “It is not possible to
increase glutathione to a clinically beneficia
extent by the oral administration of a single
doseof 3 gramsof glutathione.” Using therate
l[imiting amino acid L-cysteine to increase
glutathione production may be inadvisable
since it appears to autooxidize rapidly in the
bloodstream and increase free radical |oad.*

N-Acetylcysteine as a Glutathione

Regenerator

N-acetylcysteine has been used suc-
cessfully to treat hepatic and renal failure
caused by glutathione depletion secondary to
acetaminophen overdose.*! It has an extensive
history as a mucolytic and has been used in
pulmonary diseases including emphysema,
tuberculosis, chronic asthma, fibrosing
alveolitis, and primary amyloidosis of the
lung.*? The mechanism of action in these res-
piratory conditionsincludesthe restoration of
reduced and total glutathionelevelsinlung cell
fluid.*® N-acetylcysteine has been demon-
strated to have heavy metal chelating capaci-
tiesfor toxic metals, aswell asfor copper, zinc,
and boron.* Several studies support evidence
that NAC increases glutathione levelsin vivo
and in vitro;** there is aso evidence NAC
may boost cellular immunity directly.*

N-Acetylcysteine in HIV/AIDS

CDA4+ and CD8+ T-cellsfrom HIV-in-
fected individuals have an impaired ability to
proliferate; they are also unresponsive to re-
call antigens and unable to secrete normal
amounts of interleukin-2, exhibiting proper-
ties similar to a state of anergy.*® This altered
response appears to be the reason for the re-
bound of viral loads to pre-medication levels
following discontinuation of triple anti-viral
therapies even after oneyear of continuousand
successful treatment.>* NAC appearsto beable
to help restore CD4 cell function: in a study
of 11 asymptomatic HIV-infected individuals
with CD4+ counts of over 300/mL,

N-acetylcysteine (at 5, 10 and 20 mM) restored
normal CD4+ proliferative responsesin 8 of
11 patient blood samples.*

N-acetylcysteine appearsto be benefi-
cial in HIV as aresult of its ability to restore
normal glutathione levelsin lymphocytesand
thereby reducefreeradical production.®> NAC
aso, however, actsdirectly asan antioxidant.>
Preincubation with 15 mM concentration of
NAC wasableto partially protect lymphocytes
from asymptomatic HIV-infected patients af-
ter exposure to menadione, an oxidizing agent.
This study also found a significant relation-
ship between CD4+ counts, plasma
peroxidation, and the ability of NAC to pre-
serve the structural characteristics of thelym-
phocytes. The patients with lower CD4+
counts also had higher levels of lipid
peroxidation products and were | ess protected
by the same amount of NAC. As adirect free
radical scavenger, NAC reduces hypochlorous
acid produced by neutrophils in order to kill
target cells.>® Because NAC has a direct anti-
oxidant action in lymphocytes, concern has
been expressed that NAC supplementation
would inhibit the natural mechanism of cytoly-
sis by neutrophils. Cell studies** have shown
NAC actually enhancesintracellular killing of
bacteria by protecting neutrophils and mac-
rophages from free radical damage generated
during phagocytosis. Cell studies with HIV-
infected monocytes and neutrophils have
shown similar results: NAC (at | and 5 mM
concentrations), enhanced their cytotoxicity.>
Multiple cell studies have shown NAC acts as
an antiviral in HIV-infected cell lines; both by
direct inhibition of TNF-a®2%%" and direct in-
hibition of viral transcription.>®

N-Acetylcysteine in Clinical Trails
The basic question underlying NAC
clinical trials is whether the repletion of
available thiol groups will normalize
lymphocyte glutathione levels, minimize
cytokine-induced viral proliferation, and stop
the CD4+ cell depletion associated with
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Figure 2: Concentrations of Extra- and
Intracellular Cysteine
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times daily.

However, NAC clinical studies
have not been consistent. In one trial ex-
amining 45 HIV-positive men and women,
taking 800 mg daily for four months, NAC
was successful in normalizing plasmacys-
teine levels and significantly reducing
TNF-a, but there were no changesin glu-
tathione levels.%® Although none of thein-
dividualswason an antiretroviral regimen,
themedian CD4+ count remained the same
after four months while the control group
had a significant CD4+ cell decline
(p<0.005). The dosage was considerably
lower in this trial (800 mg vs 30 mg/kg),
which may account for the inability of
NAC to affect glutathione repletion.

L eonore Herzenberg and her group
at Stanford® studied glutathione repletion
in 27 HIV-positive men who were taking
3200-8000 mg NAC daily (median 4400
mg). Thishigh dose was chosen because it

glutathione deficiency.®® Clinical trialsto date
contain only partial answers to these crucial
guestions.

DeQuay et a? found significant reduc-
tionsin cysteine and glutathionein all of nine
HIV-infected subjects. Low baseline levels of
cysteine in blood and in CD4, CD8 T lym-
phocytes, B-cells, and monocytes were re-
turned to normal after asingle oral dose of N-
acetylcysteine (30 mg/kg body weight) (Fig-
ure 2). Glutathione levels were elevated four
hours later in five of the nine subjects. The
remaining four, who had the lowest baseline
glutathionelevels, each had lessthan 100/mm?3
CD4+ cellsand did not exhibit increased glu-
tathione levels with NAC treatment. The au-
thors commented that glutathione production
in CD4 and CD8 cells was slow, and felt a
longer period of administration would be nec-
essary to adequately assess glutathione pro-
duction. The study included an HIV-positive
patient whose lymphocyte glutathione levels
doubled after seven days of 600 mg NAC three

was below a previously determined
maximum-tolerated dose, and it was based on
aprior erroneous study that indicated NAC had
low biocavailability. At baseline, the average
glutathione levelsin uninfected controlswere
28-percent higher than the HIV-positive group
with CD4+ counts over 200. The NAC
treatment group had a significant elevation in
whole blood glutathione after eight weeks
while the control group remained unchanged.
The average increase in the NAC group was
113 percent, an increase that brought the
treatment group close to the baseline of
uninfected controls (Figure 3). The trial was
continued for two years, even though the
treatment group was only given NAC for 8-32
weeks (median 24). After two years, the NAC
group (25 subjects) had asignificantly greater
chance of surviving than the group who never
took NAC (p=0.002). The most beneficial
information derived from this study, however,
was the data relating glutathione levels and
survival in those who had not taken NAC. In
those with CD4+ counts less than 200, 85
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Figure 3: Percent Changesin CD4/CD8

Ratios During 24 Weeks of Treatment

with NAC and Selenium
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copyright ©, 1996. European Journal of Clinical Investigation.
All rights reserved

load.®* Twenty-four HIV-positive, anti-
retroviral-naive men and women (CD4+
counts 200-500/mm?3) were randomized
into two groups, onetreated for 24 weeks
and the other treated for the last 12 weeks
of the study. A control group consisted
of 25 healthy HIV-negative men.
Basealine serum selenium and plasmaglu-
tathione (reduced and oxidized) levels
were significantly reduced in the HIV-
positive group. After six weeks of treat-
ment, serum selenium concentrations
increased by 53 percent and, athough
they dropped alittle, remained at 45 per-
cent above baseline for the duration of
the treatment. Glutathione levelsdid not
change in either group, but they were
only measured at weeks 6 and 12. CD4+

percent of the 28 subjects in the high
lymphocyte glutathione group were still alive
after 2.5 years. Only 18 percent of the 69
subjectsin thelow glutathione group survived.
Although the number of subjects on NAC
treatment was too small to attach significance
to treatment outcomes, there was a very
significant relationship of glutathione levels
to survival.

Oliver® gave 15 HIV-positive individu-
als 600-1200 mg NAC daily for over six
months. Peripheral blood lymphocyte
apoptosis profiles were done at the onset and
after six months of treatment. All of the HIV-
infected subjects had evidence of significant
apoptosisat baseline. The NAC subjects, how-
ever, had significantly less evidence of cell
death compared to baseline, HIV-infected con-
trols, and HIV-negative controls after six
months.

A study combining the effectsof NAC
(600 mg three times daily) and selenium in
the form of sodium selenite (500 mcg daily)
was designed to answer questions about the
effects of these antioxidants on glutathione
production, lymphocyte subsets, and viral

percent (measured as a percentage of to-
tal lymphocytes) increased significantly
inthefirst group at week 6 and week 24. Sup-
pressor cell (CD8+) levels fell significantly
within six weeks, (closer to control levels) and
remained there for 24 weeks. Although the
reduction of CD8+ cells is difficult to inter-
pret, theincreasein CD4+ percentagewassig-
nificant; a falling CD4+ percent has been
shown to be an indicator of faster progression
to AIDS.? [t isimportant to notethat viral load
was unaffected by this treatment.

Other Uses for NAC

NAC has also been used successfully
inone case of AIDS-related porphyriacutanea
tarda.®® The patient was unresponsive to treat-
ment (hydroxy-chloroquine 100 mg daily) and
was subsequently given NAC 600 mg three
times daily. His symptoms improved four
weeks later and completely resolved in three
months.

NAC has been found to improve
response to interferon in hepatitis C patients
previously unresponsive to four months of
alpha-interferon. Fourteen patients who had
not responded to a previous 4-month course
of interferon were given a combination of
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Figure 4. a-Lipoic Acid and Antioxidant Regeneration
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interferon and oral NAC, 600 mg. three times
daily for 5 to 6 months. Ten patients who had
no prior treatment were given NAC alone.
Serum ALT returned to normal in 41 percent
of the patients who were given combination
therapy while those on NAC alone had no
improvement. ®

The evidence for in vivo reduction of
vira growth and proliferation by NAC treat-
ment is lacking. Because the cellular concen-
trationsthat can be obtained by large oral doses
are approximately three orders of magnitude
lower than those demonstrated in vitro (10
mM-20 mM), and even intravenous doses
(20,500 mg over four hours) did not raise blood
levelshigher than 0.8 mM, NAC may not have
direct antiviral effectsin vivo2 Although NAC
has not been found to lower viral loads, the
evidencefor normalization of lymphocyteglu-
tathione level % and reduction of oxidation
products does suggest a possible use in pro-
longing survival in HIV-infected individuals.

Antioxidant Effects of Alpha-Lipoic
Acid

Alphalipoic acid is a dithiol antioxi-
dant found primarily in the mitochondria
whereit actsasacoenzymein the a-keto-acid
dehydrogenase complex.®® Becauseitisalow
weight molecular substance and isbioavailable
from the diet, lipoic acid is absorbed from the
gut and readily passesthrough the blood-brain
barrier.% Active asan antioxidant in both lipid
and non-lipid components, it can act in mem-
branes of the brain and nervous tissue, lym-
phoid tissue, and in most other cell types.®’
Both as alpha-lipoic acid and in its reduced
form dihydrolipoate, it is a potent antioxidant
that can scavenge a wide variety of reactive
oxygen species, including superoxide and
peroxyl radicals formed during lipid
peroxidation.® Lipoic acid is able to regener-
ate ascorbate and tocopherol and to raise glu-
tathione levels (Figure 4).%"

Lipoic acid has recently been the
subject of research in HIV as a result of its
ability to raise glutathione levelssignificantly
(30-70%) both in vivo and in vitro.%® Alpha-
lipoic acid also interrupts HIV replication by
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completely blocking the activation of NF-kB
in cell cultures at a concentration of 2 mM.%
Lipoic acid has direct action as an HIV-1
replication inhibitor at concentrations of 70
mg/L and has a synergistic antiviral effect
when combined with zidovudine (AZT) at a
concentration of 7mg/mL."° Theauthorsof this
study conclude that since a 7 mg/mL
concentration is reachable with oral therapy
and since apha-lipoic acid works to reduce
levelsof reversetranscriptasein amanner that
issynergisticwithAZT, it should be the subject
of further research in HIV treatment.

A clinical trial in 11 AIDS-diagnosed
patientstaking 450 mg lipoic acid daily for 14
daysresulted inincreasesin plasmaascorbate,
total glutathione, total plasmathiols, CD4 and
CD4/CDS8 ratios, and decreases in lipid per-
oxide levels. The increases in CD4 cells in
those patientswho responded to thelipoic acid
(6 out of 10) were significant: an average in-
crease of 141+121 CD4 cells.™

Alpha-lipoic Acid and HIV

Therapeutics

Lipoic acid has been used in multiple
trials to successfully treat diabetic neuropa-
thy® and has been shown to limit excessive
free radical-induced damage in the central
nervous system. Although no studies have been
published to date on the effect of alpha-lipoic
acid in HIV-related periphera neuropathy, a
small placebo-controlled trial comparing al-
pha-lipoic acid to deprenyl was conducted to
assessits effect in HIV dementia.”? The study
involved 36 patients with diagnosed HIV-re-
lated cognitive damage taking either lipoic
acid, deprenyl, the combination, or placebo,
and was designed as atolerability trial, not an
efficacy trial. Patients were given 600 mg al-
pha-lipoic acid twice daily, deprenyl 2.5 mg
threetimesweekly, or both in combination for
ten weeks. The alpha-lipoic acid waswell tol-
erated with no apparent side-effects. Although
the study did not show any beneficial effectin
cognitive function or daily functioning, the

authors commented the trial may have been
too short. The subjects were al intravenous
drug users and were using injectable drugs
during the study. Alpha-lipoic acid may also
have usefulness in decreasing risk of kidney
stones, a side-effect of the protease-inhibitor,
antiviral drug indinavir (Crixivan).”

Glutamine

L-glutamine is found in the body in
higher quantities and concentrations than any
other free amino acid; along with taurineit is
the most abundant amino acid in skeletal
muscle.”™ Although it can be manufactured in
all cells, the majority is manufactured in skel-
etal muscle and transported to intestinal cells,
kidney, and lymphocytes, particularly under
conditions of physiologic stress. When the
stress is prolonged, production in skeletal
muscle may not meet the demand in organ and
lymphoid tissue, and adeficiency can occur.”™
Lymphocytes, macrophages, and enterocytes
of the small intestine are dependent on
glutamine as their primary source of fuel.”
Numerous studies have shown benefit when
parenteral glutamine was given to patients
undergoing surgery, chemotherapy, or irradia-
tion; glutamine was effective both in improv-
Ing immunocompetence and preventing small
bowel mucosal damage.””® Glutamine also
minimizes enterocolitis secondary to chemo-
therapy in animal models.®

HIV infection appears to induce
glutamine deficiency, possibly as a result of
therapid turnover of immune cellsthat occurs
in the acute and chronic stages of the infec-
tion.®* Glutamine supplies appear to be de-
pleted even in asymptomatic individuals;
supplementation with 20 grams of glutamine
daily for amonth failed to normalize glutamine
levels in a cohort of symptomatic HIV-posi-
tive patients.®

Loss of lean body mass (also known
as“wasting”) iscommon in the AlIDS stage of
HIV infection, and glutamine loss from skel-
etal muscle may further acceleratein situations
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Table 1: Protocol of Nutrients: Total Daily
Intake

L-glutamine 10 grams qid
Ascorbic Acid 200 mg qid
Alpha-tocopherol 125 IU gid
Beta carotene 6750 IU qgid

Selenium 70 mcg qid
N-acetylcysteine 600 mg qid

From: Shabert J, et al. Nutrition 1999; 15:860-864.%

but could not sustain it, and at three months
had only anet gain of 0.4 kg lean body mass.
Theresultsfor the supplemented group were
similar to effects gained with recombinant
growth hormone (rhGH), currently the most
effective FDA-approved treatment for wast-
ing in HIV, at approximately 1/30 the cost
($31.00 vs. $1,000.00). The cost-savingsis
substantial. To gain 1 kg lean body mass
costs approximately $9200 using rhGH; ac-
cording to the results of the above study, the
same amount of lean body mass could be
gained with L-glutamine for $220.%

wherediarrhea, fever, anorexia, malabsorption,
and opportunistic infections occur.t* Total
parenteral nutrition or medications given to
stimulate appetite in HIV infection promote
weight gain that is predominately adiposetis-
sue or body fluid; they are not successful at
promoting gain of lean body mass.®!

Glutamine and Clinical Trials

A double-blind, placebo-controlled
trial examining the effect of glutaminein HIV-
infected patients was conducted on 21 HIV-
positive men and women (CD4 count 1-364/
mm?3).8 The subjects had all experienced at
least five-percent unintentional weight loss
since the onset of their diagnoses and were
excluded if they had infectious diarrhea. Only
two subjects were taking testosterone and 18
were on antiretrovirals. All patients received
nutritional counseling and had bioimpedance
anaysisdoneat 0, 1, 2, and 3 monthsto deter-
minebody cell massand fat mass. The patients
were given 40 grams glutamine daily with an
antioxidant combination that included N-
acetylcysteine. For complete protocol see
Table 1. Theresults of the study showed asig-
nificant effect of glutamine on lean body mass
gain over the three-month period: the supple-
mented subjects gained an average of 1.8 kg
lean body mass (body cell mass) over 12
weeks. The control group initially gained mass

L-Carnitine

L-carnitine is a non-essential amino
acid that regulates cell membrane transport of
fatty acidsinto the mitochondria, subsequently
allowing them to be broken down to acetyl coA
via p-oxidation.®* This is particularly impor-
tant in muscle, where fatty acids and pyruvate
are the main energy substrates. Carnitine is
found in the body in the free and ester forms
with acyl groups of different chain lengths.®
L-carnitineisfound in high concentrationsin
leukocytes and peripheral blood mononuclear
cellswhereit actsto support lymphocyte pro-
liferation.®®

L-carnitine appears to be deficient in
certain cohortsof HIV-infected individuals: L-
carnitine deficiencies have been found in 72
percent of a group of 29 AIDS patients on
AZT.®" HIV-positive patients are at risk for
carnitine deficiency as a result of mal absorp-
tion, kidney abnormalities that lead to in-
creased renal excretion, specific antibioticsand
antiviral medications, and the loss of adipose
tissue that increases fatty acid availability.®
Evenin HIV-positive patients with normal se-
rum carnitine levels, peripheral blood mono-
nuclear cell levels of carnitine were signifi-
cantly lower than healthy normal s®which may
be related to apoptosis rates in apoptosis sen-
sitivity in CD4 and CD8 cells.

Multiple studies both in vivo and in
vitro, have shown decreases in apoptosis of
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Table 2: The Effects of L-Carnitine on CD4, CD8, and HIV RNA

TO 11

CD4
T1 11
T2 11
T3 11
T4 11

CD8 TO 11
T1 11
T2 11
T3 11
T4 11

HIV RNA 11
(log10) NA
10
NA
11

TO, baseline; T1=day 15; T2=day 30; T3=day 90; T4=day 150.
Abbreviations: NA=not available; St. Dev.=standard deviation.
Taken from Moretti S, et al. Blood 1998; 91:3817-3824.89

copyright ©, 1998. Blood. All rights reserved.

in
61
62
100
100
101

CD4 and CD8 cells with the addition of L-
carnitine and acetyl-L -carnitine.®*% The prob-
ablemechanismsfor thisreductionin CD4 and
CD8 cell death involve the reduction of
ceramide (a mediator of apoptosis) that in-
creases HIV-1 replication, and increases of
insulin-like growth factor 1 (IGF-1).%

Clinical Studies with Carnitine/
Acetyl-L-carnitine

Eleven asymptomatic HIV-infected in-
dividuals who were not receiving any antivi-
ral treatment, received daily infusion of six
grams L-carnitine for four months.2® Prior to
the study they all had been experiencing steady
CD4 count declinesfor 12 months. At day 150,
mean CD4 counts were significantly elevated

and apositivetrend was observed for increases
in CD8 counts (Table 2). Two subjects had a
doubling of their CD4 count, two had amore
than 50-percent increase, three had approxi-
mately 30-percent increases, and three had no
significant increase over baseline. The re-
searchers also saw a significant drop in
apoptotic cell death in both CD4 and CD8 cells
(p<0.001 for both values). Ceramide levels
were significantly higher than in HIV-nega-
tiveindividuals, and dropped significantly over
thecourseof thetrial. HIV-1 viremiaincreased
dlightly over the 150-day period. There was
no toxicity related to the L-carnitine therapy.
A follow-up trial by the same group®
with 11 HIV-positive asymptomatic
individuals evaluated three grams of oral
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acetyl-L-carnitinedaily for fivemonths. Again,
significant reductions were seen in CD4
apoptosis and ceramide levels. No significant
changes, however, were seen in absolute CD4
or CD8 cell counts or levels of viremia. The
treatment did increase serum |GF-1 levelsand
had no impact on serum growth hormone
levels. Itisinteresting to note that the baseline
| GF-1 and growth hormone levelsin the HI V-
positive individuals were not lower than
healthy age-matched normals. There were no
side-effects or toxicity reported in this trial,
and the authors noted that all subjectsreported
animproved sense of well-being by the second
or third week of therapy.

A randomized trial®* of six gramsoral
L-carnitinedaily in 20 male AIDS patientson
AZT for 14 days resulted in significant de-
creasesin TNF-a and in serum triglycerides.
Hypertriglyceridemia occurs in HIV as are-
sult of increased cytokine production and is
also a recognized side-effect of protease-in-
hibitor therapy. Whether L-carnitine will re-
duce the hypertriglyceridemia and hypercho-
lesterolemia secondary to protease-inhibitor
therapy remains to be seen.

L-Carnitine, Mitochondrial

Myopathy, and Neuropathy
L-carnitine is a recognized treatment
for mitochondrial myopathy and
encephalomyopathy, a group of neurological
disorders characterized by progressive neuro-
logical and muscular weakness and degenera-
tion.®2 AZT and other reversetranscriptasein-
hibitors have been associated with mitochon-
drial toxicity. Thisis most evident in the re-
search exploring mitochondrial myopathy af-
ter long-term therapy with AZT as a single
antiviral agent.®® AZT affects muscle mito-
chondriaby inhibiting they-DNA polymerase
enzyme, resulting in depletion of muscle mi-
tochondrial DNA, and creating defects in the
cytochrome system of the respiratory chain.®
This results in a functiona “uncoupling” of

the oxidation and phosphorylation of mito-
chondrial energy production, and an inability
of the mitochondria to use fatty acids as en-
ergy, instead being stored aslipidin the muscle
tissue. Low levels of carnitine are also found
in the muscle tissue of AZT patients, not cor-
relative of the duration of treatment or cumu-
lative dosage of the drug.® A small trial of six
patients on AZT and lamivudine found that
carnitine depletion was occurring through in-
creased renal excretion. Supplementation with
800 mg oral L-carnitine, 3000 mg magnesium
chloride, 800 mg L-arginine, and 240 mg gly-
cine daily was able to increase carnitine lev-
els. No symptom-rel ated datawas available.®

Other antivirals classified as nucleo-
sidereversetranscriptaseinhibitors (ddI, ddC,
d4T) aso impair mitochondrial DNA produc-
tion. This is believed to be the mechanism
through which they produce axonal peripheral
neuropathy, a common side-effect of these
medi cations.® In acomparison study, patients
on these medications with peripheral neuropa-
thy were found to have significant acetyl-L-
carnitine deficiencies when matched to pa-
tients on the same medications who did not
develop neuropathy.® The authors stated that
acetyl-L-carnitine is critical for peripheral
nerve function and deficiencies may be con-
tributing to the neurotoxicity of these medica
tions. L-carnitine and acetyl-L-carnitine have
been found to be protective for this type of
mitochondrial damage in vitro,*” and a clini-
cal trial with acetyl-L -carnitine and peripheral
neuropathy in HIV-negative patients has shown
benefit.®® In this study significant improve-
ments in mobility, subjective and objective
symptom rating, and performance were seen
after one-gram intramuscul ar injections were
given daily for 15 days.

Coenzyme Q

Coenzyme Q10 (CoQ10) ispresent in
all eukaryotic cells and all lipoproteins.
Cdlularly it acts as an electron carrier in the
mitochondrial respiratory chain and as afree
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radical scavenger in liposoma membranes.®
It appearsto be as efficient as a.-tocopherol in
preventing free peroxyl radical production in
lipid membranes and prevents oxidation of a-
tocopherol in in vitro studies designed to
mimic human physiological conditions. Rever-
sal of depressed host defense systemsin ani-
mals treated with chemotherapy has been
achieved with administration of CoQ10'® and
CD4/CD8 ratios have been elevated as a re-
sult of increased CD4 countsin HIV-negative
subjectson 100 mg CoQ10daily for 60 days.*

CoQ deficiencies have been demon-
strated in HIV infection.®® The deficiencies
(measured both in whole blood and intracel-
[ular erythrocytesand lymphocytes) in 12 HI V-
infected individualswere significantly greater
in symptomatic HIV-positive individualsthan
HIV-negative controls and CoQ10 levels
dropped with progressive stages of the infec-
tion.1®@ CoQ10 at 200 mg daily was given to
seven of these HIV-positiveindividuals. Three
had AIDS diagnoses and four were symptom-
atic for AIDS-related complex (ARC): fever,
night sweats, diarrhea, weight loss, and lym-
phadenopathy.® Treatment lengths varied in
each case (4-14 months), but in all cases, whole
blood CoQ10 levelsrose substantially, as high
as 4.51 mg/mL in one subject (mean levelsin
HIV-negative controlswere 0.79 and 0.84 mg/
mL ). Five of the seven patientswho were able
to befollowed improved symptomatically and
had no opportunistic infections after 4-7
months.*® A follow-up paper by the same au-
thor evaluated the effect of CoQ10 on two of
the same HIV-positive ARC patients treated
with CoQ10for 4-5 years. Both had stabilized
with remission of lymphadenopathy and no
evidence of opportunistic infection. Informa-
tion on concomitant antiviral regimenswasnot
available.

Folkers!'®:1%2 found substantial in-
creases in both whole blood levels of CoQ10,
serum 1gG levels, absolute CD4 counts, and
CD4/CD8 ratios in HIV-negative subjects
when CoQ10 (200 mg daily) wasadministered

together with 300 mg vitamin B6 (pyridox-
ine). CoQ10’s role as an antioxidant and
immunomodul ator makesfurther research nec-
essary; trial swith CoQ10 need to be conducted
in much larger populationsand in conjunction
with other therapies.

Conclusion

The role of antioxidants as anti-
apoptotic and antiviral agentsin the treatment
of HIV has been supported in the literature in
multiple studies.®":21242933 Theimportant role
of ascorbate, tocopherol, lipoic acid, and N-
acetylcysteinein maintaining both glutathione
levelsand aredox state (that stabilizes NF-kB
and inhibits activation of latent provirus) needs
further documentation in large-scale clinical
trials. Until that time, the use of antioxidant
therapiesin HIV isindicated in dosesthat cor-
respond to those used in human trials or that
can be safely extrapolated from in vitro cell
cultures with HIV. The evidence for L-
glutamine in restoring lost lean body massin
an economically realistic context necessitates
itsusein wasting syndrome. The use of L-car-
nitine and acetyl-L -carnitinein protecting neu-
ral tissue and mitochondria from damage in-
duced by antiviral therapiesis warranted.
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