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ABSTRACT We have studied the action of ascorbate (vi-
tamin C) on human immunodeficiency virus type 1 (HIV-1), the
etiological agent clinically associated with AIDS. We report the
suppression of virus production and cell fusion in HIV-infected
T-lymphocytic cell lines grown in the presence of nontoxic
concentrations of ascorbate. In chronically infected cells ex-
pressing HIV at peak levels, ascorbate reduced the levels of
extracellular reverse transcriptase (RT) activity (by >99%)
and of p24 antigen (by 90%) in the culture supernatant. Under
similar conditions, no detectable inhibitory effects on cell
viability, host metabolic activity, and protein synthesis were
observed. In freshly infected CD4" cells, ascorbate inhibited
the formation of giant-cell syncytia (by =93%). Exposure of
cell-free virus to ascorbate at 37°C for 1 day had no effect on
its RT activity or syncytium-forming ability. Prolonged expo-
sure of virus (37°C for 4 days) in the presence of ascorbate
(100-150 ug/ ml) resulted in the drop by a factor of 3-14 in RT
activity as compared to a reduction by a factor of 25-172 in
extracellular RT released from chronically infected cells. These
results indicate that ascorbate mediates an anti-HIV effect by
diminishing viral protein production in infected cells and RT
stability in extracellular virions.

Previous studies demonstrated the antiviral activity of ascor-
bate against a broad spectrum of RNA and DNA viruses in
vitro (1-4) and in vivo (5, 6). It has been claimed that
ascorbate inhibited the activation of a latent human retrovirus
(human T-cell leukemia virus 1) induced by S5-iodo-2’-
deoxyuridine and N-methyl-N'-nitro-N-nitrosoguanidine (7).
However, it was not established whether ascorbate exerted
a virus-specific effect or interacted directly with the activat-
ing substances. In addition, the effects of ascorbate on acute
infection by human retroviruses have not been determined.
In vivo, oral, and intravenous administration of ascorbate is
said to have produced clinical improvements in patients
afflicted with influenza, hepatitis, and herpes virus infec-
tions, including infectious mononucleosis (5, 6). Clinical
improvement was claimed in AIDS patients who voluntarily
ingested high doses of ascorbic acid (8).

Because human immunodeficiency virus 1 (HIV-1) is con-
sistently associated with AIDS (9-12), we investigated the
action of ascorbate on HIV infection under controlled con-
ditions in vitro. Here, we report the effects of ascorbate on
acutely and chronically HIV-infected T-lymphocytic cell
lines grown continuously in the presence of nontoxic con-
centrations of the compound. In addition, we report the
action of ascorbate on cell-free virus particles in vitro.

MATERIALS AND METHODS

Cells and Cell Viability. H9 and H9/HTLV-IIIy cells (13)
were originally obtained from H. Streicher (National Cancer
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Institute). In some experiments, batches of the same cell lines
provided by M. McGrath (University of California, San
Francisco) were also used. Cells were grown in RPMI 1640
medium supplemented with 10% (vol/vol) fetal calf serum, 2
mM L-glutamine, 1 mM pyruvate, and gentamycin at 50
png/ml. The CD4-positive VB cell line (14) (provided by M.
McGrath) was propagated in RPMI 1640 complete growth
medium. Cell viability was determined by using the trypan
blue exclusion method.

Ascorbate. The stock solution of 0.06 M L-ascorbate was
made by dissolving L-ascorbic acid (tissue-culture grade from
Sigma) in RPMI 1640 medium and was stored at —20°C.

Experimental Protocol. Fresh working solutions (10X
strength) of ascorbate were prepared daily by diluting the
stock in complete growth medium. For cytotoxicity assay, 3
x 10° cells were suspended in 0.9 ml of growth medium and
seeded in 24-well microtiter plates. Fresh solutions of ascor-
bate (0.1 ml of 10X strength) were added daily to obtain final
concentrations of 10, 25, 50, 75, 100, 150, 200, 300, and 400
ug/ml. The controls received 0.1 ml of growth medium.
Plates were incubated at 37°C in a humidified 5% CO,/95%
air atmosphere for various time intervals. At periodic inter-
vals, 0.5 ml of cell suspension was collected and mixed with
50 ul of trypan blue, and cells were tested for viability.

For quantitation of viral and cellular parameters, cell
suspensions (in triplicate) were collected, pooled, and cen-
trifuged at 1400 X g for 10 min at 4°C. Supernatant was used
for assays of extracellular reverse transcriptase (RT) activity
and p24 antigen. Cell pellets were used for the determination
of cellular metabolic activity and protein synthesis rates.

Assay of RT. Virus particles in supernatant were pelleted
by centrifugation in a refrigerated microfuge (13,500 rpm, 2
hr) and then resuspended in 2% of the original volume (30 ul)
of TNE buffer (15). Samples (10 ul) were assayed for RT
activity, as described by Hoffman ez al. (15), by using fresh
batches of [methyl-*H]dTTP (specific activity, =80 Ci/mmol;
1Ci =37 GBq; NEN/DuPont). RT activity was expressed as
the amount of [PH]JdTMP incorporated (cpm per 10° cells).

Assay of p24. Levels of p24 antigen in supernatant were
assayed using the Abbott HIV antigen enzyme immunoassay
(16). The p24 value was expressed as ng per 10° cells.

Assay of Protein Synthesis. For radiolabeling, H9 cells (3 X
10° cells per well in microtiter plates) were grown in the
presence of ascorbate at 0, 75, 100, and 150 ug/ml as
described earlier. On days 1, 2, and 4, cells were harvested,
washed, and resuspended in methionine- and cysteine-free
medium and then incubated at 37°C for 30 min in 0.5 ml of the
same medium supplemented with 50 uCi of Tran*S-label
(specific activity, 1013 Ci/mmol; ICN). Labeled cells were
pelleted, washed in isotonic phosphate-buffered saline, re-
suspended in lysis buffer containing 1% Nonidet P-40, and

Abbreviations: HIV-1, human immunodeficiency virus 1; RT, re-
verse transcriptase; MTT, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphe-
nyltetrazolium bromide.
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stored at —70°C. Lysate was thawed and incubated at 100°C
for 3-5 min to remove aminoacyl moieties from RNA.
Proteins were precipitated with trichloroacetic acid in the
presence of bovine serum albumin (0.2 mg/ml), transferred to
nitrocellulose filters (0.45 wm), dried, and suspended in S
Blend (ICN), and radioactivity was measured in a scintilla-
tion counter. Protein synthesis was determined on duplicate
samples of cells independently grown in the presence of
35S-labeled amino acids (17).

Metabolic Activity Assayed by 3-(4,5-Dimethylthiazol-2-yl)-
2,5-Diphenyltetrazolium Bromide (MTT) Determination. For
metabolic activity assay, 3 X 10° cells per well were seeded
in 24-well microtiter plates and grown in ascorbate at 0, 75,
100, and 150 ug/ml. On days 1, 2, and 4, cells were pelleted,
resuspended in 1.0 ml of growth medium supplemented with
500 ug of MTT (Sigma), incubated for 4 hr, and treated with
acidified isopropanol, and the absorbance at 570 nm was
measured as described by Mossman (18).

Inhibition Assay for the Cytopathic Effect of HIV-1 Strain
HTLV-IlI;. Infectious HIV stock was obtained from super-
natant fluid of H9/HTLV-IIlg cells cocultivated with VB
cells at a 1:7.5 ratio for 3.5 days. To quantitate syncytium
formation, 2.5 x 10° VB cells in 0.4 ml of growth medium
were mixed with 0.5 ml of HIV stock and seeded in 24-well
microtiter plates. Then 0.1 ml of either growth medium or
10X strength fresh L-ascorbate solution was added daily and
the cells were incubated. On specific days after infection,
total number of giant cell syncytia in each well were counted
at X100 magnification. A giant cell was defined as a cell >4
diameters larger than a single uninfected cell.

RESULTS

Cytotoxicity of Ascorbate. Before determining the effect on
HIV production, we evaluated the cytotoxicity of ascorbate
on HY/HTLV-III; cells, which are T-lymphocytic H9 cells
infected with the AIDS virus (13). Ascorbate is unstable in
solution as in conventional culture conditions, with a short
half-life (4). Therefore, an experimental protocol was
adopted in which cell cultures were given daily additions of
fresh solutions of ascorbic acid prepared in buffered growth
medium (pH 7.3 = 0.1). Cells were grown in the continuous
presence of various ascorbate concentrations (0—400 ug/ml)
for a period of 4 days. Viability of control and ascorbate-
treated cultures was determined using the trypan blue exclu-
sion test. No toxicity was observed when cultures were
grown in the presence of ascorbate at 5-150 ug/ml (Fig. 1).
A slight inhibition of cell growth (73-75% survival) was seen
on day 4 of incubation in medium containing ascorbate at
200-300 ng/ml. Cytotoxicity became prominent (=50% cell
death) on day 4 at ascorbate concentration of 400 ug/ml and
higher. A slight increase in cell number was noted at con-
centrations ranging from 10 to 400 wg/ml on the first 2 days
and at 5-75 ug/ml ascorbate on day 4. Based on these data,
further experiments evaluating ascorbate effects on HIV
production were carried out at noncytotoxic concentrations
of the compound.

Effects of Ascorbate on HIV Released from Chronically
Infected Cells. Extracellular RT activity in supernatant. We
first assayed RT activity in cell-free supernatant (15) har-
vested from cultures grown in nontoxic ascorbate concen-
trations (0-150 ug/ml). Fig. 2 shows the average of RT values
of ascorbate-treated cultures and controls from three inde-
pendent experiments. In the controls, RT titer manifested a
peak of virus production on day 4. In contrast, ascorbate-
treated cultures showed a striking inhibition of RT produc-
tion. The first noticeable drop (64% inhibition) in RT titer
occurred on day 2 with ascorbate at 50 ug/ml, followed by a
progressive decline in a dose-responsive manner. Further
decreases in RT level were seen with increase in both
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F1G. 1. Analysis of cytotoxicity of ascorbate (AA) for HTLV-
IlIp-infected HY cells, as determined by trypan blue dye exclusion.
Each point is the mean of four cell counts.

ascorbate concentration and time of exposure. On day 4,
>99% inhibition in RT titer was seen with ascorbate at 150
ug/ml. A noticeable increase in RT titer consistent with
stimulation of cell growth was noted at low concentrations of
ascorbate (from 5 to 25 ug/ml) on day 2. However, increase
in virus production was transient, as these effects did not
persist on day 4 of incubation.

p24 levels in supernatant. Another parameter of HIV
production is the expression of p24 core antigen. Average
values from three experiments are presented in Fig. 3.
Control cultures showed a rise in p24 antigen levels at day 2,
reaching maximum levels on day 4. In contrast, p24 antigen
expression was blocked in ascorbate-treated cultures. Con-
cenfrations of ascorbate required to inhibit p24 synthesis
were higher than those effective in inhibiting RT production.
Thus, the first significant reduction in p24 levels was seen
with ascorbate at 150 ug/ml on day 2. Higher declines in p24
values were observed with increased exposure to ascorbate.

1000
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FiG. 2. Effect of ascorbate on RT activity in supernatant har-
vested from H9/HTLV-IIIg cultures. Extracellular RT was assayed
as described by Hoffman ez al. (15). In control samples, the RT
values on day 2 and day 4 were, respectively, 55 X 10% and 267 x 10*
cpm per 10° cells; average background value in blanks (i.e., reactions
without enzyme) was 1530 cpm/ml of culture supernatant. In each
experiment, the mean of three samples was determined and com-
pared as a percentage of control (taken as 100%).
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FiG. 3. Effect of ascorbate on HIV p24 antigen levels in super-
natant harvested from H9/HTLV-Illg cultures. Extracellular p24
was assayed by Abbott HIV antigen enzyme immunoassay (16). In
control samples, the p24 levels on days 2 and 4 were, respectively,
244 and 45 ng per 10° cells. The p24 values of ascorbate-treated
cultures are compared as a percentage of control.

On day 4, p24 levels in cultures treated with ascorbate at 150
wg/ml were reduced to 13% of the control.

Effect of Ascorbate on Cell Metabolism. We addressed the
question of whether ascorbate-induced suppression of RT
and p24 production in H9/HTLV-IIlg cells was a virus-
specific effect or an indirect effect due to inhibition of cellular
metabolism or protein synthesis. The metabolic activity of
uninfected H9 cells in the presence and absence of ascorbate
was determined by using a quantitative colorimetric assay
that utilizes the tetrazolium salt MTT (18). MTT is used to
measure the activity of various dehydrogenases in viable cells
(18, 19). HO cells grown in the presence of various concen-
trations of ascorbate (0-150 ug/ml) showed an increase in
cellular metabolic activity on day 1 (Fig. 4). This correlated
with stimulation of cell proliferation by ascorbate. On days 2
and 4, no significant change in metabolic activity was noted
between control cultures and those exposed to ascorbate at
75, 100, and 150 ug/ml.

Effect of Ascorbate on Cellular Protein Synthesis. The effect
of ascorbate on cellular protein synthesis was determined by
growing uninfected H9 cells for 4 days with ascorbate at 0, 75,
100, and 150 wg/ml (17). On day 1, ascorbate stimulated
protein synthesis, consistent with stimulation of metabolic
activity and cell growth. On days 2 and 4, the difference in the
apparent rates of cellular protein synthesis between ascor-
bate-treated and control cultures was less than a factor of 2
(Fig. 5). Thus the suppressive effects on HIV production
could not be ascribed to a general inhibition of cellular
metabolism or protein synthesis.

Effect of Ascorbate on Virus Replication in Freshly Infected
Cells. To extend these findings to freshly infected cells, we
investigated the effects of ascorbate on acute HIV infection
of susceptible CD4* T lymphocytes. Viral infectivity and
cytopathic effect in these cells have been correlated with
formation of giant cell syncytia mediated by interaction of
HIV envelope glycoprotein with CD4" cell surface receptor
(14, 20, 21). In controls, multinucleated syncytia became

visible by day 4 and reached high levels on day 6. The.

continuous presence of ascorbate caused a dose- and time-
dependent decrease in syncytium formation. On day 4,
~93.3% inhibition in syncytia number was seen with ascor-
bate at 100 wg/ml (Fig. 6). At this concentration, ascorbate
did not inhibit the growth of uninfected VB cells (99%
survival by trypan blue dye exclusion), indicating that the
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F1G. 4. Analysis of metabolic activity in H9 cells, as determined
by MTT assay, in the presence and absence of ascorbate (AA), as
described by Mossman (18). Each point is the mean of four ODszg
readings. Data are plotted as percentage of control.

inhibition of virus replication was not due to cytotoxic effect
of the compound.

Direct Inactivation of Virus Particles in Supernatant. We
then determined whether decreases in RT titer and syncytium
formation were due to direct inactivation of virus particles by
ascorbate in vitro. Cell-free supernatant containing infectious
virus was incubated in the presence and absence of ascorbate
at 37°C for 8 and 18 hr. Samples were tested for RT activity
and syncytium formation was measured in VB cells. After
incubation at 37°C-for 18 hr, there was no detectable differ-
ence in RT activity between ascorbate-treated virus prepa-
rations and controls (Table 1). Syncytium-forming titer of
infectious virus of ascorbate-treated and untreated prepara-
tions after incubation at 37°C for 1 day was also approxi-
mately equal (2.34-2.70 X 10° TCIDs, per ml; where TCIDs,
is the tissue culture 50% infective dose). When chronically
infected cells were exposed to ascorbate at 150 ug/ml for 18
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Fic. 5. Determination of protein synthesis rates in H9 cells in the
presence and absence of ascorbate (AA). Protein synthesis was
assayed as described by Somasundaran and Robinson (17). Each point
is the mean of 3*S-labeled amino acid incorporation per 10° cells.
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FiG. 6. Dose-dependent decrease in HIV-induced syncytium
formation with ascorbate. Syncytia were counted in CD4* VB cells
by using a light microscope. Each point represents the mean of at
least four samples and is compared as a percentage of the control
infected cultures from the same experiment.

hr at 37°C, the RT titer in culture supernatant was reduced to
11.2% of the control (Table 1). These results indicate that the
decrease in extracellular RT titer by ascorbate was not due to
direct inactivation of virus after overnight incubation.

To study RT stability in the presence of ascorbate upon
prolonged incubation (37°C for several days), the following
experiment was carried out. Since thermal inactivation of
cell-free virus occurs upon extensive incubation at 37°C,
uninfected cells were used to protect virus from heat inacti-
vation. Accordingly, HIV supernatant was mixed with unin-
fected VB cells and incubated with ascorbate for 4 days, with
daily addition of fresh compound. Supernatants were har-
vested and assayed for RT activity. After 4 days in the
presence of ascorbate at 100 and 150 ug/ml, RT activity was
reduced, respectively, to 31.5% and 7.0% of control (Table 1).
In parallel experiments, chronically infected cells were ex-
posed to ascorbate at 100 and 150 ug/ml for 4 days. The RT
levels in supernatant were reduced to 4.0% and 0.6% of
control.

After incubation of cell-free virus at 37°C for 4 days with
ascorbate at 150 ug/ml, the concentration of p24 protein in
the ascorbate-treated preparation (283 ng/ml) was not sig-
nificantly different from that of the control (263 ng/ml). At
the same ascorbate concentration, chronically infected cells
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exhibited a reduction by a factor of =~8 in p24 antigen
production after 4 days at 37°C (Fig. 3).

DISCUSSION

The experimental evidence presented in this paper has dem-
onstrated that continuous exposure of HIV-infected cells to
noncytotoxic ascorbate concentrations resulted in significant
inhibition of both virus replication in chronically infected
cells and multinucleated giant-cell formation in acutely in-
fected CD4* cells. Ascorbate dosage exerted a wide margin
between antiviral activity and cellular cytotoxicity. Thus, as
illustrated in Fig. 2, a significant antiviral effect (>90% RT
inhibition, day 4) was seen with ascorbate at =50 ug/ml. In
contrast, significant cytotoxicity (=50% inhibition of cell
viability) was prominent on day 4 with ascorbate at =400
ug/ml (Fig. 1). As demonstrated in Figs. 4 and 5, concen-
trations of ascorbate that significantly diminished virus titer
did not exert inhibitory effects on host metabolic activity and
apparent rate of protein synthesis. These findings lend sup-
port to a virus-specific action of ascorbate rather. than a more
general effect on cellular metabolism.

In chronically infected cells, RT activity exhibited a greater
sensitivity to ascorbate than p24 antigen expression. This
difference can be attributed to the distinct extracellular forms
of these two proteins. After intracellular synthesis, a fraction
of p24 becomes encapsidated into the virions and some
molecules are secreted extracellularly in a free form (16). The
p24 antigen capture assay measures both free and virion-
bound proteins in the culture supernatant. In contrast, active
RT in cell-free supernatant is found only in virion-bound
form. Additionally, the quantitative difference between p24
and RT levels may be due to the differential stability of these
proteins in the presence of ascorbate. Whereas p24 antige-
nicity was not lost upon exposure of extracellular virus to
ascorbate at 150 ug/ml at 37°C for 4 days, RT activity was
reduced by a factor of 14 under similar conditions.

Experiments comparing the kinetics of RT suppression in
chronically infected cells with RT stability of cell-free virus
provide insight into the mechanism by which ascorbate inhib-
its HIV. Treatment of chronically infected cells with ascorbate
at 150 ug/ml at 37°C for 18 hr reduced RT release to 11.2% of
control (Table 1). In contrast, incubation of cell-free virus
under the same conditions did not diminish RT activity or
syncytium-forming titer of infectious virus. These observa-
tions of short-term ascorbate treatment indicate that the
compound by itself does not directly inhibit RT activity or
functional integrity of envelope glycoprotein involved in syn-
cytium formation (14, 20, 21). The reduction of these viral

Table 1. Analysis of RT stability and RT production in the presence of and absence of ascorbate

RT activity after incubation at 37°C

18 hr 4 days
cpm X 1074 % cpm x 1074 % cpm X 1074 %
Virus Cell source Ascorbate, ug/ml per 106 cells control per 106 cells control per 10 cells control
HIV Supernatant 0 6.68 100 6.06 100 ND ND
100 7.00 105 6.17 102 ND ND
150 7.40 111 6.81 112 ND ND
HIV-VB Suspension 0 ND ND 16.4 100 5.86 100
100 ND ND 12.9 78.4 1.85 31.5
150 ND ND 7.84 47.8 0.41 6.96
HY9/HTLV-Illg Supernatant 0 79.2 100 56.7 100 267 100
100 81.9 103 12.7 22.4 10.6 3.96
150 67.5 85.2 6.33 11.2 1.54 0.58

HIV virus supernatant was prepared from H9/HTLV-IlIp cells. Virus supernatant alone or a suspension of supernatant and uninfected VB
cells (3 x 10 cells per ml) was exposed to ascorbate at 0, 100, or 150 ug/ml and incubated at 37°C with daily addition of fresh compound. In
a parallel experiment, chronically infected H9/HTLV-IlIg cells were grown under similar conditions. Supernatants were collected and assayed

for RT activity. ND, not done.
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parameters in infected cells therefore represent inhibition of a
step or steps in HIV replication. Prolonged ascorbate treat-
ment of virus (37°C, 4 days) in the presence of VB cells
resulted in a drop in RT activity of a factor of 3-14 with
ascorbate at 100 and 150 wg/ml. Under similar conditions,
chronically infected cells exhibited a reduction of a factor of
25-172 in extracellular RT activity. These findings are con-
sistent with a combined suppressive action of ascorbate,
operating at increasing contact time, on RT production in
infected cells and RT stability in extracellular virus particles.

The molecular mechanism by which ascorbate suppresses
HIV is not yet fully understood. In earlier studies, ascorbic
acid caused degradation of single- and double-stranded ge-
nomes of RN A and DNA phages (22-24). Site-specific cleav-
age of phage DNA occurring at unique sites due to redox
reactions involving copper and ascorbate was reported (25).
Hydroxyl radicals (OH) generated from hydrogen peroxide
were implicated as the reactive species mediating scission of
nucleic acid (24-26). In lymphocytes, ascorbate is present in
unusually high concentration, as much as 50 times the blood
plasma level and >10 times that in nonlymphoid cells (27, 28).
Therefore, one possible mechanism of ascorbate action on
infected lymphocytic cells is that free unintegrated viral DNA
or newly synthesized viral RN A formed during each cycle of
HIV replication becomes susceptible to ascorbate-mediated
damage, resulting in reduced viral protein production. Alter-
natively, ascorbate may suppress HIV production by inhib-
iting the activity of viral enzymes involved in protein proc-
essing (e.g., HIV protease). Ascorbate was shown to inhibit
the activity of proteolytic enzymes in fish (29). Once HIV
components are packaged within the virion, they may be-
come resistant to ascorbate inactivation. However, upon
prolonged in vitro exposure, virion components may become
susceptible to further attack by metabolites of ascorbate
generated from its oxidative degradation. Autooxidation of
ascorbic acid is associated with the formation of highly
reactive breakdown products including furan-type com-
pounds that form adducts with amino and hydroxyl groups of
proteins resulting in site-specific cleavage or cross-linking of
protein (30-32). Such protein modifications could contribute
to inactivation of virion-associated enzyme detected upon
prolonged incubation of virus in vitro. Further studies of the
physical state of HIV nucleic acids and proteins in ascorbate-
treated cells and virions could provide insight into its mech-
anism of action.

Inhibitors of RT activity have been the focus of intensive
investigation for the design and development of antiretroviral
agents. Among these, 3’-azido-3’'-deoxythymidine (AZT)
(33), the first drug approved for AIDS treatment, blocks de
novo HIV infection effectively but was shown not to inhibit
virus production in cells containing integrated HIV genomes
(34). In the same study, interferon-« inhibited the budding
and release of HIV from chronically infected cells but did not
suppress intracellular production of viral proteins. The ability
of ascorbate to inhibit acute HIV infection and to suppress
RT levels in chronically infected cells indicates that the
compound acts at a different stage in the HIV life cycle and
may, thereby, provide a rationale for developing more effec-
tive combination therapy with other anti-HIV agents.

The concentrations at which the anti-HIV effect of ascor-
bate was seen in this in vitro study are physiologically
attainable in human blood plasma. For instance, in a clinical
trial on terminal cancer patients, E. Cameron (personal
communication) showed that oral administration of 10 g of
ascorbate resulted in mean plasma ascorbate levels of 28.91
png/ml (range 17.2-63.6 g). B. Jaffe (personal communica-
tion), who is using ascorbate for the treatment of AIDS
patients, indicated that ascorbate at 93 * 29 ug/ml was
attained in plasma in people consuming oral ascorbate to
achieve urinary levels >1 mg/ml. These findings are consis-
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tent with a high bowel tolerance reported for AIDS patients
(8). Intravenous infusion of 50 g of ascorbate a day resulted
in peak plasma levels of 796 = 111 ug/ml.

Note Added in Proof. Roederer et al. (35) reported inhibition of
cytokine-stimulated HIV replication by N-acetyl-L-cysteine, another
reducing agent like ascorbate.
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