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Antiviral activity and bone marrow toxicity of 3'-azido-3'deoxythymidine
(Zidovudine; AZT) was evaluated in the presence of a-D-tocopherol acid succinate
(ATS) in the MT4 cell line and in murine hematopoietic progenitor cells, respect-
ively. At varying concentrations (.016 to .125 uM) of AZT, addition of ATS

(5 to 15 pg/ml) showed a dose-dependent increase in anti-HIV activity., The EDggQ
of AZT in this test system was 0.37 uM, whereas in the presence of ATS (15 ug/ml)
it was 0,06 uM, thus producing an approximately 6-fold increase in anti-HIV
activity. In contrast, in murine bone marrow cells, ATS (4 pg/ml) showed sig-
nificant protection(p<0,05) against AZT-induced toxicity as measured by CFU-E
and CFU-GM assays. The ICgy values in the presence and absence of ATS for

CFU-E were 3.7 and 1.5 uM, whereas for CFU-GM were 6.0 and 2.7 uM, respectively.
Overall, these data suggest that AZT in combination with ATS has greater thera-
peutic efficacy against HIV-l.,  © 1989 academic press, Inc.

Zidovudine (AZT), an inhibitor of the activity of reverse transcriptase of
human immunodefiency virus, is at the present time the only FDA approved drug
available for the treatment of acquired immunodeficiency syndrome (AIDS) (1).
Significant dose-related toxicity has been associated with the administration of
AZT to patients with AIDS (2-5). Anemia and neutropenia were the most common
toxicities observed in patients receiving various doses of AZT (6-8). AZT has
been reported to inhibit human erythroid and granulocyte-macrophage colony forma-
tion in vitro (9-11).

A recent review on nutrition suggests that megadoses of vitamin E (a—D-toco-—
pherol), selenium and zinc seem to restore cell mediated immunity by increasing
T-cell number and their activity (12), Vitamin E, a fat soluble vitamin, has been
demonstrated to have multiple effects on the body including effects on the hemato-
poietic and immune systems (13,14), Furthermore, vitamin E has been shown to
increase the half-life of erythrocytes and to cause an erythropoietic response in

anemic patients (15~16), In addition, because of its antioxidant properties,
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The abbreviations used are: AZT, Zidovudine; ATS, a-D-tocopherol acid succinate;

CFU-E, colony forming units—erythroid; CFU-GM, colony forming units granulocyte-

macrophage; HIV, human immunodeficiency virus; MIT, 3-(4,5-dimethylthiazol-2-yl)-—
2,5-diphenyltetrazolium bromide.
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vitamin E has a significant role in protecting a wide variety of cells from
chemically induced injuries (17-18).

We have initiated studies with vitamin E in an effort to explore its
interaction with cell membrane phospholipids that may lead to changes in cell
permeability, thereby allowing increased diffusion of drugs such as AZT into the
target cells (19), In this report, we describe the ability of ATS, a relatively
more soluble derivative of vitamin E to increase anti-HIV activity of AZT in a
human lymphocytic cell line, MT4 (20) and to protect AZT-induced bone marrow
toxicity in murine hematopoietic progenitor cells in vitro as measured by clono-

genic assays.

MATERTAL AND METHODS

Cells, MT4 cells susceptible to cell-killing by HIV-1 were maintained in RPMI-
1640 supplemented with 15% fetal bovine serum (heat inactivated), penicillin
(100 U/ml), streptomycin (100 pg/ml), and L-glutamine (2.0 mM). Cells were kept
in logarithmie growth phase by sub-passaging at intervals of 3 to 4 days at a
concentration of 2x10° cells/ml. All cultures were incubated at 37°C in 5% COp
and 95% humidified air in an incubator.

Virus, HTLV-III 3b isolate of HIV, designated as HIV-1, was grown in H9 cells.
Cell free virus in culture supernatant was harvested at low-speed (1000 g for

10 min) centrifugation 5 to 7 days following infection when the virus-induced
syncytial cytopathic effect was maximal. Aliquots of the virus preparation were
kept at -70°C,

Mice, Male CD-1 white mice (Charles River) 6-8 weeks old were used and all the
mice were caged under viral free condition. Femurs were obtained from these
mice.

Drugs. Zidovudine (AZT) was synthesized in our laboratory. Human recombinant
erythropoietin was supplied by AmGen Corp. (Thousand Oaks, CA.). L-cell con-
ditioned medium was a kind gift of Dr., Richard Shadduck of Montefiore Hospital
(Pittsburg, PA). ATS was obtained from Sigma Chemical Co. (St. Louis, MO).

ATS solution was prepared by dissolving in ethanol at a concentration of 10 mg/
ml, This solution was diluted directly in RPMI medium to produce the final
desired concentration, Vehicle control had the same concentration of ethanol
in RPMI medium,

Cytotoxicity., Cytotoxic studies were initially carried out in the MT4 cell
line by employing conditions identical to the antiviral assay. Approximately
2x107 cells/ml in RPMI-1640 were plated in 10 ml test tubes in the presence of
various concentrations of ATS (5,7.5,10 and 20 pg/ml) incubated at 379C for 7
days in 5% COp and 95% humidified air. The medium was changed at day 3 and 5
containing respective concentrations of ATS, Viability was determined at day
7 by trypan blue dye exclusion and percent viability was calculated.

In Vitro Inhibition of HIV-1 Replication. MT4 cells (2x105 cells/ml) were incu~
bated in growth medium in the presence and absence of various concentrations (5,
10, and 15 ug/ml) of ATS. The cells were harvested 48 hr later and resuspended
at 2x10° cells/ml in medium containing twice the initial concentration of ATS.
Each cell suspension was then distributed in 100 ul in 96 well plates in trip-
licates containing 100 ul of twice the concentration of AZT under study. Follo-
wing a 4 hr incubation at 37°C the microtiter plate was centrifuged at 1000 x g
for 10 min. The supernatant fluid from each well was carefully removed by vacuum
aspiration and replaced with 50 pl of medium containing 4 times the original con-
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centration of ATS, 50 ul of medium containing 4 times the concentration of AZT,
followed by 100 pl of HIV containing 104 infectious units (21), One set of trip-
licate control wells received 50 ul AZT-free medium followed by 100 ul of HIV and
another set 150 pl medium, One-half of the culture fluid from the wells was re-
moved on day 3 post-infection and replaced with an equal volume of the respective
medium. The anti-HIV activity was assessed by measuring cell viability in the
control and experimental wells by a colorimetric assay (22). On day 7, 100 ul of
culture supernatant was removed from all wells and 10 yl of filtered stock of MTT
{3-(4,5-dimethylthiazol-2-y1)~-2,5~diphenyl~tetrazolium bromide} in phosphate
buffered saline (5 mg/ml) was added. After 4 hr at 37°C the supernatant fluids
were carefully removed and replaced with 150 ul of acid-isopropanol (0,04 N HCL
in isopropanol). Following thorough mixing of the dark blue formazan crystals
formed and their complete dissolution at room temperature the optical densities
(0D) in each well was recorded at a wavelength of 540 nm with a Titertek-Multi-
skan plate reader. The percent viability of cells in each group was obtained from
the ratio of the mean OD to that of control cells maintained in the presence and
absence of ATS and AZT.

Preparation of Murine Bone Marrow Cells, Femurs were aseptically removed after
anesthetizing CD-1 mice with ether, and marrow was flushed with a 25x5/8 gauge
needle. A single cell suspension was made with a pipette after repeated aspira-
tions. The cells were resuspended in RPMI-1640 at afinal concentration of 1x109
cells/ml,

CFU-E Assay. Methylcellulose solutions (l.3%) were prepared in RPMI-1640 contain-
ing L-glutamine (2.0 mM), fetal bovine serum (20%), 2-mercaptoethanol (0.1 mM),
penicillin and streptomycin (100 U/ml and 100 pg/ml) and erythropoietin (200 mU/ml),
Bone marrow cells (1x1060/ml) were diluted 1:10 in the methylcellulose mixture., One
milliliter of cell suspension (1x10° cells/ml) was plated in duplicate in 35 mm
petri dishes and incubated in a 5% COp and 95% humidified air at 379C for 48 hr.

The plates were stained with 3,3'-diaminobenzidine and colonies were counted con-
taining 8 or more benzidine positive cells under an inverted microscope (Olympus,
Tokyo).

CFU-GM Assay. Methylcellulose solutions (3%) were prepared in RPMI-1640 contain-
ing L-glutamine (2.0 mM), fetal bovine serum (15%), 2-mercaptoethanol (0,1 mM),
penicillin and streptomycin (100 U/ml and 100 pg/ml) and L-cell condition medium
(15%). Bone marrow cells (lxlO /ml) were d11uted 1:10 in the methylcellulose
mixture. One milliliter of cell suspension (1x10 cells/ml) was plated in dupli-
cate in 35 mm petri dishes incubated in a 5% COy and 95% humidified air at 37°C
for 7 days., Colonies which contained 50 or more cells were counted under an in-
verted microscope.

RESULTS AND DISCUSSION

The cytotoxicity of ATS was initially determined in MT4 cells under the
conditions employed for the antiviral assay. The data indicate that ATS at the
maximum concentration of 20 pg/ml was relatively toxic to MT4 cells since the
number of viable cells declined at each time interval of 3,5 and 7-days (Fig. 1).
The lower concentrations of ATS at 5 to 10 ug/ml seemed to increase the proli-
ferative rate of MT4 cells especially at 5 and 7-day intervals,

The anti-~-HIV-1l activity in MT4 cells was determined by measuring the via-
bility of the survived celis from HIV-1 induced cytolysis after a 7-day incuba-
tion in the presence and absence of AZT and ATS. For combination studies, the
MT4 cells were pretreated with ATS at various concentrations for 48 hr before the

infection with HIV-l, The viability was assessed by a colorimetric assay which
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Fig. 1 Cytotoxicity in MT4 cells in the absence and presence of various
concentrations of ATS. Number of viable cells were counted at day 3
(0-0) day 5 (@@), and day 7 (&) by trypan blue dye exclusion.

Fig. 2 Anti-HIV-1 activity in MT4 cells as measured by the viability of the
survived cells determined by metabolic reduction of MTT: AZT {O-O);
AZT (0.0-0.5u M) in the presence of various concentrations of ATS,
5ug/ml (@-@), 10ug/ml (&A) 151 g/ml (&aA). A1l points were in
triplicate and repeated at least twice.

is based upon the metabolic reduction of MIT to yield a blue colored formazan
product. ATS in combination with AZT significantly increased the anti-HIV-1
activity in a dose-dependent manner under these conditions (Fig. 2). However,
ATS by itself had no significant antiviral effect except that at 15 ug/ml it
showed minimal anti-HIV activity (data not shown). The EDgg of AZT in this test
system was 0.37 uM, whereas in the presence of ATS (15 ug/ml), it was .06 uM, an
approximately 6-fold increase in the anti-HIV-l potency of AZT. These data sug-
gest that AZT in combination with ATS enhances the inhibition of HIV-1 synergis-
tically., To our knowledge, this is the first report to indicate a synergistic
enhancement of anti-HIV activity of AZT which may lead to a substantial therapeutic
gain in combating AIDS.

The effects of AZT in combination with ATS on murine bone marrow progenitor
cells were measured by CFU-E and CFU-GM assays (Figs. 3 and 4). The data indi-
cate that the formation of CFU-E and CFU-GM was significantly higher (p<0.05) in
the cells treated at various concentrations of AZT in the presence of ATS (4 pg/ml)
than in those cells which were treated with AZT alone. The ICgqg values of AZT in
this system were 1.5 and 2.7 uM, whereas in the presence of ATS the values were
increased significantly to 3.7 and 6.0 uM, respectively. These data demonstrate
that ATS can also protect the bone marrow from AZT-induced toxicity to a limited
extent,

Although several reports have been published on the toxicity of AZT to

hematopoietic progenitor cells (6,9-11,23) the amelioration of bone marrow toxi-
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Fig. 3 Effect of AZT (1-100u M) on murine hematopoietic progenitor cell
colony formation by CFU-E in the absence ( [0 ) and presence ( W ) of
ATS (4 ug/ml). Columns represent the mean percentage control of CFU-E
colonies in four separate experiments and each experiment was
performed in duplicate; bars represent the standard error (P <0.05)
when compared to control. Statistical analysis was done by Student’s
"t" test.

city with ATS has not been reported previously. Sommadossi et al, (11) have
recently reported that uridine reverses the AZT-induced toxicity in human granu-
locyte-macrophage progenitor cells without impairment of anti-viral activity.
Our results, however, suggest that vitamin E in combination with AZT not only
reduces the bone marrow toxicity approximately two fold but also increases anti-
HIV activity 6-fold in MT4 cells.

It is likely that the synergistic increase in anti-HIV activity by ATS

may not be specific for AZT, but the other 2',3'-dideoxynucleosides and non-
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Fig. 4 Effect of AZT (1-100u M) on murine hematopoietic progenitor cell colony
formation by CFU-GM in the absence ( [(3) and presence ( B ) of ATS
(4 ug/ml). Columns represent the mean percentage control of CFU-GM
colonies in four separate experiments and each experiment was in
duplicate; bars represent the standard error (P <0.05) when compared
to control. Statistical analysis was done by Students "t" test.
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nucleoside anti-HIV agents may also demonstrate similar response. We have,
therefore, initiated a systematic study to determine the role of ATS in in-
creasing the antiviral activity of other anti-HIV drugs. The mechanism(s)
associated with the synergistic increase in anti-HIV activity may involve either
interactions of ATS with cellular membrane phospholipids thereby increasing dif-
fusion of the drugs into the target cells (19,24) and/or modulation of glyco-
sylation resulting in altered glyconjugate biosynthesis and expression of
glycoproteins (25). Thus, a combination of AZT and ATS may cause a sequential
blockade in HIV replication due to the inhibition of reverse transcriptase acti-
vity by AZT and modulation of glycosylation of viral proteins by ATS during the
assembly of virus particles. 1In contrast, the mechanism(s) associated with the
reversal of AZT-induced bone marrow toxicity may involve either increased rate
of cellular proliferation or activation of erythropoietin., The results in this
report demonstrate that the combination of AZT with vitamin E (ATS) might provide
a drug regimen with a significant increase in therapeutic efficacy of AZT for
the treatment of patients with AIDS. The precise mechanism(s) involved in
achieving higher anti-HIV-1 activity and in the amelioration of AZT-induced

bone marrow toxicity by this combination of AZT with ATS will be further inves-

tigated.
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