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Three analogs of thymidine, D4T [2’,3’~didehydro-2',3’-dideoxy£hymidine; 1-(2,3-dideoxy-3-b-glycero-
pent-2-enofuranosyl)thymine], FddT (3'-fluoro-3'-deoxythymidine), and AZT (3'-azido-3’-deoxythymidine),
were compared in biological tests designed to assess their potential utility as anti-human immunodeficiency
virus (HIV) agents. The in vitro potencies of these compounds against HIV infection in CEM cells were

measured, with FddT and AZT being mg
CEM cells were comparable.|The triphosphates o
transcriptase, ;

that for the n

L gotent than D4T. The cytotoxicities of D4T, FddT, and AZT for
ese three derivatives inhibited purified P FEVErSe
polymerase were fou

progenifor erythrocye burst-forming units. In a 30-day mouse toxicity study, AZT and FddT produced a

similar spectrum of hematopoietic toxicities. These toxic effects occurred at much lower doses of FddT than of
AZT, At the higher doses of FddT, a significant incidence of lethality occurred. By contrast, D4T was
considerably less toxic than both AZT and FddT in this study. The dose-limiting toxicity of D4T in mice was
hepatotoxicity. The very different phosphorylation patterns of D4T, its lower toxicity, and its comparable
potency relative to FddT and AZT suggest that the potential of DAT as an anti-HIV agent should be further

explored.

Acquired immuhodeﬁciency syndrome (AIDS) arises from

infection by human immunodeficiency virus (HIV) (5, 24).
HIV infection results in immunosuppression, rendering the
patient susceptible to opportunistic infections. These oppor-
tunistic infections lead to a high incidence of morbidily and
mortality. Research on potential anti-HIV agents has fo-
cused to a large extent on analogs of deoxyribonucleosides.
3'-Azido-3'-deoxythymidine (AZT; Fig. 1), an analog of
thymidine (Fig. 1), has shown good activity against HIV in
infected cells in vitro (22). AZT has also exhibited beneficial
results in clinical trials (9) and is currently the only drug
approved for the treatment of AIDS.

The mechanism of action of nucleoside analogs requires
that host kinases phosphorylate the nucleoside substrate to
the corresponding nucleoside mono-, di-, and triphosphates.
It is the triphosphate which is responsible for the antiviral
effect, either as an inhibitor of virus-specified reverse tran-
scriptase (RT) or as a terminator of the growing viral DNA
chain (29). However, the same triphosphate can also serve
as a substrate for host DNA polymerases and thereby be
incorporated into host DNA. The incorporation of the drug
into host DNA is o potential source of toxicily, For gowd
selectivity, the nucleoside triphosphate should be a good
substrate or inhibitor of virus-specified RT but a poor
substrate or inhibitor of host DNA polymerascs.

While AZT is an eificacious drug, toxicity problems are
associated with AZT therapy. The most serious toxicity is
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for bone marrow progenitor cells (28), and this toxicity can

lcad to anemia and neutropenia (25). The initial phosphory-
lation product, AZT monophosphate, has a high affinity for
thymidylate kinase, but the V', of AZT monophosphate for
this enzyme is very low (10). This V_,, results in an
excessive accumulation of AZT monophosphate and a con-
sequent saturation of the thymidylate kinase enzyme. There-
fore, dTMP phosphorylation is inhibited, leading to a reduc-
tion in the levels of dTTP required for normal host cell DNA
synthesis. The decreased levels of dTTP have been postu-
lated to be one of the factors associated with the toxicity of
AZT (10, 31).

The search for other potent but less toxic agents than AZT
remains an important goal. Further impetus has recently
been given by the isolation of AZT-resistant variants of HIV
from patients on prolonged AZT therapy (17). Several other
structurally related thymidine analogs have been reported.
Two of these analogs, 2'.3-didehydro-2',3'-dideoxythymi-
dinc (D4T; Fig. 1) and 3'-fluero-3'-deoxythymidine (FddT;
Fig. 1), are very potent inhibitors of HIV replication in vitro
(2.6, 13, 14, 19-21, 29q).

The lack of a good and predictive animat infection model
for AIDS requires that any potential clinical candidate for
AIDS therapy be examined in a broader range of hiochemi-
cal and toxicily studies than has been done for previously
studied antiviral agents. In this study, the in vitro potencies
of D4T, FddT, and AZT against both murine leukemia virus
and HIV (lymphadenopathy-associated virus strain) were
compared. The data confirmed and extended the observa-
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FIG. 1. Thymidiﬁé analogs'. i,-AZT; 2, thyrﬁidiné; 3, FddT; 4,
DAT,

tions of biological activity reported elsewhere (2, 6, 13, 14,
19-21, 29a). In addition, the results of a 30-day mouse
toxicity study comparing D4T, FddT, and AZT are outlined.
These observations provide insight into parameters which
may be important in the evaluation of potential candidates
for clinical trials of therapies for AIDS.

MATERIALS AND METHODS

DA4T, FddT, and AZT and their corresponding 5'-triphos-
phates (DAT-TP, FddT-TP, and AZT-TP) were synthesized
as described elsewhere (11, 20, 29a). Purificd HIV type 1 RT
produced in Escherichia coli by recombinanl methods was
obtained from K. Moelling (12).

Antiviral activity. The activity of the drugs against Molo-
ney murine leukemia virus (M-MuLV) was assessed by the
standard XC assay (18, 26). SC-1 cells were infected with
M-MuLV for 1 h at 37°C. Different concentrations of test
compounds were added and incubated for 5 days. The
medium was removed, and the cell monolayer was UV
irradiated and overlaid with XC cells. After a further 4-day
incubation, the cells were stained and syncytia were
counted.

The activity of the compounds against HIV was deter-
mined as described previously (20). CEM cells were infected
with H1V type 1 (lymphadenopathy-associated virus strain)
and incubated at 37°C with different concentrations of drugs.
After 8 days, the presence of p24 antigen in the supernatant
was measured by an enzyme-linked immunosorbent antigen
capture assay.

Cytotoxicity assay. The cytotoxicity of the compounds was
determined by incubating different concentrations of the
three analogs with the cells for 5 days and then assaying for
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TABLE L o viteo andi M MubVopnd anhs 11V
{lymphadenopathy-associated virus) activities and
cellular toxicities of D4T, FddT, and AZT

500 Lllective dose (wM) lor:

Compeund 504 Inhibitory
r MuL¥Y HLV dose (uM)
D4T 2.5 0.33 90
FddT . 0.023 0.007-0.1 51-73
AZT 0.1 0.16-0.45 54

proliferation by measuring radiolabeled thymidine incorpo-
ration (30). Cytotoxicity for bone marrow cells was deter-
mined as previously described (28).

RT assay. For the RT assay, poly(rA) - oligo{(dT) was used
as the template - primer pair and [*H]dTTP was used as the
substrate (7). K,, and K, values were derived with a statis-
tical analysis software program which produces the best fit
of the equation v = (Voa - SW(S + {K,[1 + (ZK)]} to the
measured initial velocities from a number of substrate and
inhibitor combinations. In the equation, v is defined as the
initial velocity of the reaction, S is the substrate concentra-
tion, and / is the inhibitor concentration.

Mouse toxicity. Groups ol 10 male CD-1 mice were given
DAT, FddT, or AZT orally by gavage at single doses of 100,
250, 500, or 1,000 mg/ke per day for 30 days, Dosing
suspensions were prepared in 19 sodium carboxymethy!
cellulose, which was administered alone to one group of 10
control mice. At day 26, blood from five mice for each group
was taken for measurement of hematological and clinical
chemistry parameters. Normal ranges of values for each
clinicopathological parameter were established by nonpara-
metric estimation of the central 95% of all historical control
values determined in our laboratory, with the elimination of
the high 2.5% and the low 2.5% of the values,

At the conclusion of the 30-day dosing period, mice were
sacrificed. Tissues from these mice and from mice which
died during the course of the study were collected for
histopathological evaluation.

RESULTS AND DISCUSSION

The in vitro activities of D4T, FddT, and AZT were
determined against both M-MuLV and HIV. The 509 effec-
tive doses of DAT and Fdd'l against M-Mul.V were 2.5 and
0.023 pM, respectively, as compared with 0.1 uM for AZLT
{Table 1). This potent activity of AZT in murine cells was not
unexpected, since the phosphorylation of AZT in mouse
cells is not blocked at the monophosphate level (see below);
consequently, higher concentrations of the corresponding
triphosphate are achieved (4).

In a p24 antigen capture assay, D4T, FddT, and AZT all
showed a significant antiviral effect in HIV-infected CEM
cells (Table 1), with FddT being the most potent. The
cytotoxicities of the three compounds in uninfected cells
were also determined (Tabie 1). The concentrations of D4T,
FddT, and AZT required to inhibit cell proliferation by 50%
were similar (90, 51, and 54 uM, respectively [20, 280). The
anti-HIV activily and cellular toxicity of D41, Fdd'T, and
AZT have also been reported in other cell lines (2, 13, 14, 16,
19, 21).

To determine the mechanism of action of D4T and FddT
as compared with that of AZT, we prepared D4T-TP,
FddT-TP, and AZT-TP (20, 28). The inhibition of RT by
DAT-TP, FddT-TP, and AZT-TP was determined by measur-
ing the incorporation of labeled dTTP into an oligo{dT)-
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TABLE 2. Inhibition of HIV RT by the nucleoside triphosphates

Compound K; (pM) K. /K
PAT-TP 0.012 400
FddT-TP 0.047 100
AZT-TP 0.018 300

" Determined with an average K, of 5 uM for d17T1P.

primed poly(rA) template, The results, expressed as Xs,
were 0.012, 0.047, and 0.018 uM, respectively (Table 2). A
K; of 0.05 M was measured for ddTTP under these condi-
tions. While the K s for AZT-TP and D4T-TP were compa-
rabie to other published data (8, 20, 21), the K, for FddT-TP
was significantly higher than that reported by other groups
(2, 6, 8). The K s for these three analogs were significantly
lower than the K, measured for dTTP (2.9 to 6.8 M),
suggesting that D4T-TP, FddT-TP, and AZT-TP arc very
efficient inhibitors of RT.

The intracellular production of triphosphates of these
three compounds in tissue culture cells has also been re-

ported (10, 15, 16). As discussed carlier, the metabolism ol

AZT in human cells leads to an accumulation of AZT
monophosphate (see above). FddT, with an extract from
carcinoma cells, is also readily phosphorylated to FddT
monophosphate; however, FddT monophosphate accumu-
lates and the subsequent phosphorylation of FddT diphos-
phate and then to FddT-TP is slow (16). The phosphorylation
pattern of FddT, therefore, appears to be qualitatively very
similar to that of AZT (10). By contrast, the metabolic
phosphorylation of D4T in human cells is very different. In
this case, D4T conversion to D4T monophosphate is the
rate-limiting step (15} and phosphorylation of D4T mono-
phosphate to D4T diphosphate and D4T-TP occurs readily.
Consequently, no accumulation of D4T monophosphate is
found (1, 3, 15, 23).

Since the major clinical ioxicity observed for AZT is

myelosuppression (25), it is important to ascertain the tox-
icitics of other potentinl anii-HIY agents for normal human
hematopoictic progenitor cells, The effect of D4T, FddT,
and AZT on cultured granulocyte-macrophage CFU (CFU-
GM) and erythrocyle burst-forming units (BFU-E) was
measurcd (28) (Tuble 3). The 50% inhibitory dose of DT {or
CFU-GM was 100 uM, while those of FddT and AZT were
,10 and 1 uM, respectively (20). The three agents were also
tested for their effects on the growth of bone marrow
BFU-E; the 50% inhibitory doses were 10 uM for D4T, 1 uM
for FddT, and 6.7 uM for AZT (20). While AZT and FddT
were more toxic for CFU-GM cells than was D4T, the three
analogs appeared to have similar toxicities for BFU-E cells.
The selective toxicity of the nucleoside analogs for bone
marrow cells may result from the fact that these cells divide
more rapidly (28).
The toxicities of the three agents in an in vitro murine

TABLE 3. In vitro human and murine bone marrow cell
toxicities of D4T, FddT, and AZT

50% Inhibitory dose (uM)

Compound Human Murine
CFU-GM BFU-E CFU-GM
D4T 100.0 10.0 11.2
EddT 10.0 1.0 0.5
l AL T T i 1S
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FIG. 2. Survival seen with D4T, FddT, and AZT in a 30-day
toxicity study in mice (doses |in milligrams per kilogram] are shown
in parentheses).

hematopoietic assay were also determined. In the murine
CFU-GM assay, as in the human CFU-GM assay, D4T was
less toxic than was either FddT or AZT (Table 3).

The CFU-GM assay accurately predicts the granulocy-
topenia observed with AZT in humans, but the intact-mouse
model does not (see below). By contrast, the intact-mouse
model appears to demonstrate a significant difference be-
tween D4T and AZT with respect to erythropoietic toxicity,
but the human BFU-E assay does not. It will be of interest to
determine the clinical toxicities of D4T to decide which of
these laboratory tests more closely predicts the clinical
situation.

The oral bioavailabilitics of D4T and AZT were also
determined independently (27). The results showed that D4T
was rapidly absorbed, with an oral bioavaiiability of 98% in
mice. In addition, D4T, unlike AZT, was not conjugated
with glucuronic acid in either dogs or monkeys. The maxi-
mum concentration of D4T in plasma, after oral administra-
ton o o 25-mp/ke dose, was 23 pp/ml alter § min. The
hail-lives of DAT and AZT were 17 and 24 min, respectively.

A 30-day mouse toxicity study was undertaken to assess
the i vivo toxicily of D4T and FddT in comparison with that
2. The highest mortality was seen with FddT. In the group
given 1,000 mg of FddT per kg per day, 8 of 10 mice died on
day 1 and all the mice in the group were dead by day 3. In the
group given 500 mg of FAdT per kg per day, 9 of 10 mice died
between days 1 and 16; at a dose of 250 mg/kg per day, 5 of
10 mice died during the study: and at the lowest dose, 100
mg/kg per day, 1 of 10 mice died on day 27. In contrast to the
mortality results with FddT, no deaths were observed in any
of the AZT dose groups. Although there were two deaths in
mice receiving D4T at 1,000 mg/kg per day (days 3 and 25),
these mice did not show clinical signs of toxicity.

The results of the hematological testing of mice dosed with
these compounds are given in Table 4. In the FddT group,
tested mice displayed significant changes in erythrocyte
parameters (erythrocytopenia, anemia, and reticulocytope-
nia), leukocyte numbers (leukopenia, lymphopenia, and neu-
tropenia), and platelet numbers (thrombocytlopenia). By
contrast, AZT had a profound effect on the number of
erythrocytes and a small effect on the number of leukocytes.
Both erythrocytopenia and increased mean corpuscular vol-
ume were observed at all doses, and anemia was seen in all
the mice tested at 1,000 mgl/kg per day, With D4T, no
significant changes in erythrocyte or leukocyte parameters
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TABLE 4. Subacute Loxicitics of D4T, FddT, and AZT in mice

% With:
. Dose e e e S e et e
Cumponnd (m:/;l; Anemia Lirythro- Increased inean Reliculo- ‘Thrombo- Leuko- Absulute Absolute
flemia cylopenia® carpuscular vol cytopenia cylopenia penia neutropenia lymphopenia
Control 0 20 20 4} 0 0 0 0
D4T 100 20 20 ] 0, 20 0 0 20
250 0 0 0 0 ¢ 20 0 20
300 0 0 0 0 20 20 0 0
1.000 0 20 60 0 0 20 ¢ 20
FddT 100 100 100 0 100 40 100 80 100
250 100 100 Y 100a 20 100 100a 75a
500 100b 100b 0 100b 0 100b 100b 100b
1,000 D* D D D D D D D
AZT 100 0 80 40 25a 20 0 0 0
250 20 100 100 0 Y 20 0 20
00 0 100 100 0 ¢ 20 20 0
1,000 100 100 60 20 [\ 40 20 40

“ Results represent the pereentage of findings out of the normad range for blood samples taken at day 26 lrom five mice in most cases. In some dose groups,
low survival rates or the inadequacy of a sample reduced the sample sumber to 4 () or 1 (b).
® Anemia is defined as concurrent decreases in erythrocyte count numbers. hemoglobin concentration, and hematocrit. Erythrocytopenia is defined as a

decrease in erythrocyte numbers alone.
“ D, All 10 mice were dead at the time of sampling.

were seen at the lower dose levels. At a dose of 1,000 mg/kg
per day, DAT caused an increase in the mean corpuscular
volume and some erythrocylopenia was also seen.

Blood urea nitrogen and alanine aminotransferase were
also determined for 10 mice per group (when available) as
indicators of kidney and liver toxicity. Elevated blood urea
nitrogen levels were only seen in the last survivor of the
group given 500 mg of FAdT per kg per day. Elevated alanine
aminotransferase levels were not seen with either AZT or
FddT or the two lower doses of D4T (100 and 250 mg/kg per
day). However, at 500 and 1,000 mg of DAT per kg per day,
three of nine and two of eight mice, respectively, had
elevated alanine aminotransferase levels.

The histopathological findings with AZT included lym-
phoid depletion, reticuloendothelial hyperplasia in spleen
and thymus, and bone marrow hypocellularity. These
changes are consistent with the lymphopenia, neutropenia,
and anemia observed in peripheral blood. These toxicities
correlate well with the dose-limiting toxicities observed
during a clinical evaluation of AZT therapy (25).

With FddT, the most prominent histopathological changes
were also thymic and splenic lymphoid depletion and bone
marrow hypocellularity. These findings occurred frequently
in the low-dose groups (100 and 250 mg/ky). The lower
incidences ol these changes at the higher doses were due Lo
the high incidence of early mortality, which precluded lesion
development. Thus, the toxicities of FddT in mice appear to
be the same as those of AZT but occur at lower doses.

For D4T, gross pathological findings of small yellowish tan
foci on the liver in 1 of 10 mice given 500 mg/kg per day and
3 of 10 mice given 1,000 mg/kg per day supported the
drug-related changes in alanine aminotransferase levels.
These were characterized microscopically as multifocal col-
lections of giant cells, which were often mineralized. Thus,
the dose-limiting toxicity of D4T in mice appears to be
hepatotoxicity.

The results discussed above suggest that the biochemical
and toxicological properties of FddT and AZT are similar.
FddT, like AZT, accumulates at the monophosphate level.
Although more potent than AZT in vitro, FddT was more

toxic than AZT, showing a henuatological toxicity similar (o
that of AZT but at much lower doses. FddT also resulted in
a significant mortality at the higher doses tested. These
factors, taken together, suggest that FddT would offer little
advantage over AZT. The hematological toxicities produced
by AZT in the mouse toxicity study are consistent with the
toxicities seen clinically (25). By contrast, the biochemical
and toxicological properties of D4T are significantly different
from those of AZT. The process of activation to the triphos-
phate shows very different kinetics and specificities for the
various enzymes involved. D4T displays both a lower tox-
icity and a different dose-limiting toxicity endpeint than does
AZT in mice. These data, taken together with the recent
finding that AZT-resistant HIV strains remain susceptible to
D4T in an in vitro assay (17), suggest that D4T has the
potential to offer therapeutic advantages over AZT in pa-
tients With AIDS.

LITERATURE CITED

1. August, E. M., M. E. Marongiu, T.-S. Lin, and W. H. Prusoff.
1988. Initial studies on the cellular pharmacology of 3'-deox-
ythymidin-2'-ene (d4T): a potent and selective inhibitor of
human immunodeliciency virus. Biochem. Pharmacol, 37:4419-
4422,

- Balbzarini, )., M. Baba, R. Paawels, £, Herdewijn, and E, De
Clereg. 1988, Anti-retrovirus activity of 3'-fluore- and 3 -azido-
substituted pyrimidine 2°,3'-dideoxynucleoside analogues. Bio-
chem, Pharmacol. 37:2847-2856.,

3. Balzarini, J., P. Herdewijn, and E. De Clercg. 1989. Differential
patterns of intracellufar metabolism of 2',3'-didehydro-2',3"-
dideoxythymidine and 3’-azido-2',3’-deoxythymidine, two po-
tent anti-human immunodeficiency virus compounds. J. Biol.
Chem. 264:6127-6133.

4. Balzarini, J., R. Pauwels, M. Baba, P. Herdewijn, E. De Clercq,
8. Broder, and D. G. Johns. 1988, The in vitro and in vivo
anti-retrovirus activity and intracellular metabolism of 3'-azido-
2',3'-dideoxythymidine and 2*,3'-dideoxycytidine are highly de-
pendent on the cell species. Biochem. Pharmacol. 37:897-903.

5. Barré-Sinoussi, F., J. C. Chermann, F. Rey, M. T. Nugeyre, 8.
Chamaret, J. Gruest, C. Dauguet, C. Axler-Blin, F. Vézinet-
Brun, C. Rouzioux, W. Rozenbaum, and L. Montagnier. 1983.
Isolation of a T-lymphotropic retrovirus from a patient at risk

[£8]



VoL. 34, 19%0

10,

11.

12.

13,

14.

15.

16.

17.

18.

lor scquired immune deficiency syndrome (AIDS), Science
220:868-871, )

. Bazin, H., J. Chattopadhyaya, R. Datema, A.-C. Ericson, G.

Gilljam, N. G. Johsnsson, J. Hansen, R. Koshida, K. Moelling,
B. Oberg, G. Remaud, G. Stening, .. Vreang, B. Wahren, and
J.-C. Wu. 1989. An analysis of the inhibition of replication of
HIV and MuLV by some 3'-blocked pyrimidine analogs. Bio-
chem, Pharmacol. 38:109-119,

.- Chen, M. §., and &, C. Oshana. 1987. Inhibition of HIV reverse

transcriptase by 2',3'-dideoxynucleoside triphosphates. Bio-
chem, Pharmacol. 36:4361—-4362.

- Cheng, Y.-C., G. E. Dutschman, K. F. Bastow, M. G. Sarngad-

haran, and R. Y. C. Ting, 1987. Human immunodeficiency virus
reverse transcriptase. General properties and its interactions
with nucleoside triphosphate analogs. J. Biol. Chem. 262:
2187-2189. :

. Fischl, M. A., D. D. Richman, M. H. Grieco, M. §. Gottlieb,

P, A. Volberding, O. L. Laskin, J. M. Leedom, J. E. Groopman,
D. Mildvan, R. T. Schooley, G. G. Jackson, D. T. Durack, D.
King, and the AZT Collaborative Working Group. 1987. The
efficacy of azidothymidine (AZT) in the treatment of patients
with AIDS and AlDS-related complex. N. Engl. J. Med. 317:
185-191, :

Furman, P. A., J. A. Fyfe, M. H. St. Clair, K. Weinhold, J. L.
Rideout, G. A. Freeman, §. N. Lehrman, D. P. Bolognesi, S.
Broder, H. Mitsuya, and D. W, Barry. 1986. Phosphorylation of
¥-azido-3'-deoxythymidine and selective interaction of (he®s'-
triphosphate with human immunodeficiency virus reverse -
scriptase. Proc. Nall. Acad. Sci. USA 83:8333-8337.

Glinski, R. P,, M. §. Khan, R. L. Kalamas, and M. D. Sporn.
1973. Nucleotide synthesis. 1V. Phosphorylated 3'-amino-3'-
deoxythymidine and 5'-amino-5"-deoxythymidine and deriva-
tives. J. Org. Chem. 38:4299-4305.

Hansen, J., T. Schulze, and K. Moelling. 1988. RNase H activity
associated with bacterially expressed reverse transcriptase of
human T-cell lymphotropic virus 11IN1ymphadenopathy-associ-
ated virus. I. Biol. Chem. 262:12393-12396,

Hartmann, H., M. W. Vogt, A. G. Durno, M. §. Hirsch, G.
Hunsmann, and F. Eckstein. 1988. Enhanced in vitro inhibition
of HIV-1 replication by 3'-fluoro-3'-deoxythymidine compared
to several other nucleoside analogues. AIDS Res. Hum. Retro-
viruses 4:457-466.

Herdewijn, P., J. Balzarini, E. De Clercq, R. Pauwels, M. Baba,
S. Broder, and H. Vanderhaeghe. 1987. 3'-Substituted 2'.3'-
dideoxynucleoside analogues as potential anti-HIV (HTLV-
[I/LAV) agents. J. Med. Chem. 30:1270-1278.

Ho, H.-T., and M., J. M. Hitchcock, 1989. Cellular pharmacology
of 2',3"-dideoxy-2',3'-didehydrothymidine, a nucleoside analog
active against human immunodeficiency virus. Antimicrob.
Agents Chemother. 33:844-849.

Langen, P., G. Kowollik, G. Etzold, H. Venner, and H. Reinert.
1972, The phosphorylation of 3'-deoxy-3’-fluorothymidine and
its incorporation into DNA in a cellfree system from tumor
cells. Acta Biol. Med. Ger, 29:483-494.

Larder, B. A., G. Darby, and D. D. Richman, 1989, HIV with
reduced sensitivity to Zidovudine (AZT) isoluted during pro-
longed therapy. Science 243:1731-1734,

Lin, T.-S., M. §. Chen, C. McLaren, Y.-S. Gao, 1. Ghazzouli,
and W. H. Prusoff. 1987, Synthesis and antiviral activity of
various 3’-azido, 3'-amino, 2',¥-unsaturated and 2',3"-dideoxy
analogues of pyrimidine deoxyribonucleosides against retrovi-
ruses. J. Med. Chem. 30:440-444.

. Lin, T.-8., K. ¥. Schinazi, and W. 11, Prusofl. 1987, Potent and

selective in vitro activity of 3'-deoxythymidin-2'-ene (3'-deoxy-

COMPARISON OF THREE THYMIDINE ANALOGS FOR HIV

20.

21,

22.

641

2',3'-didehydrothymidine) against human immunodeficiency vi-
rus. Biochem. Pharmacol. 36:2713-2718.

Mansuri, M. M., J. E. Starrett, I. Ghazzouli, M. J. M. Hitch-
cock, R. Z. Sterzycki, V. Brankovan, T,-S. Lin, E. M. August,
W. H. Prusoll, J.-P. Sommadossi, and J. . Martin. 1989,
1-(2,3-dideoxy-B-p-glycero-pent-2-enofuranosyljthymine (d4T).
A highly potent and selective anti-HIV agent. J. Med. Chem.
32:461-466.

Matthes, E., C. Lehmann, D. Scholz, H. A. Rosenthal, and P.
Langen. 1988. Phosphorylation, anti-HIV activity and cytotox-
icity of 3'-fluorothymidine. Biochem. Biophys. Res. Commun.
153:825-831.

Mitsuya, H., K. J. Weinhold, P. A. Furman, M. H. 8t. Clair,
8. N. Lehrman, R. C. Galio, D. Bolognesi, D. W. Barry, and S.
Broder. 1985. 3'-Azido-3'-deoxythymidine (BW AS509U): an

- antiviral agent that inhibits the infectivity and cytopathic effect

23.

24,

25.

26.

27.

28.

29.

of human T-lymphotropic virus type HI/lymphadenopathy-asso-
ciated virus in vitro. Proc. Natl. Acad. Sci. USA 82:7096-7100.
Perno, C.-F., R. Yarchoan, D. A. Cooney, N, R. Hartman,
D. 8. A. Webb, Z. Hao, H. Mitsuya, D. G. Johns, and S. Broder.
1989. Replication of human immunedeficiency virus in mono-
cytes: granulocyte/macrophage colony-stimulating factor (GM-
CSF) potentiates viral production yet enhances the antiviral
effect mediated by 3'-azido-2',3'-dideoxythymidine (AZT) and
other dideoxynucleoside congeners of thymidine. J. Exp. Med.
169:933-951.

Popavie, M., M. G. Sarngadharan, F. Read, and R. C. Gallo.
1984. Detection, isolation and continuous production of cyto-
pathic retroviruses (HTLV-11{) from patients with A1DS and
pre-AIDS. Science 224:497-500,

Richman, D. D., M. A. Fischl, M. H. Grieco, M. 8. Gottlieb,
P. A. Volberding, O. L. Laskin, J. M, Leedom, J. E. Groopman,
D. Mildvan, M. S. Hirsch, G. G. Jackson, D. T. Durack, S.
Nusinoff-Lehrman, and the AZT Collaborative Working Group.
1987. The toxicity of azidothymidine (AZT) in the treatment of
patients with AIDS and AIDS-related complex. N. Engl. J.
Med. 317:192-197.

Rowe, W. P., W. E, Pugh, and J. W. Hartley. 1970. Plaque assay
techniques for murine leukemia viruses. Viralogy 42:1136-1139,
Russell, J. W., V. J. Whiterock, D. Marrero, and L. J. Klunk. .
1989. Pharmacokinetics of a new anti-HIV agent: 2’3 -dideoxy-
2',3"-didehydrothymidine (D4T)., Nucleosides Nucleotides 8:
845-848,

Sommadossi, J.-P., and R. Carlisle. 1987. Toxicity of 3'-azido-
¥'-deoxythymidine and 9-(1,3-dihydroxy-2-propoxymethyl)gua-
nine for normal human hematopoietic progenitor cells in vitro.
Antimicrob. Agents Chemother. 31:452-454,

St. Clair, M. H., C. A. Richards, T. Spector, K. J. Weinhold,
W. H. Miller, A. J. Langlois, and P. A. Furman. 1987. 3'-
Azido-3’-deoxythymidine triphosphate as an inhibitor and sub-
strate of purified human immunodeficiency virus reverse tran-
scriptase. Antimicrob. Agents Chemother. 31:1972-1977.

29a.Sterzycki, R., M. M. Mansuri, V. Brankovan, R. Buroker, I.

30,

31

Ghazzouli, M. Hilchcock, J.-P. Sommadossi, and J. C. Martin.
1989. 1-(3-Fluoro-2,3-dideox y-B-p-ribofurancsyl)thymine (FddT)
improved preparation and cvaluation as a polential anti-AlDS
agent. Nucleosides Nucleotides 8:1115-1117,

Turk, S. R., C. Shipman, Jr., R. Nassiri, G. Genzlinger, S. H,
Krawczyk, L. B. Townsend, and J. C. Drach. 1987. Pyrrolo[2,3-
dlpyrimidine nucleosides as inhibitors of human cylomegalovi-
rus. Antimicrob. Agents Chemother, 31:544-550.

Yarchosn, R., and S. Broder. 1987, Development of antiretra-
viral therapy lor the acquired immunodeficiency syndrome and
related disorders. N, Engl. 1. Med. 319:557-564.



