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First synthesized as a potential anticancer 
agent in 1960 ( 1 ) , 9-P-~-arabinofuranosyl- 
adenine (ara-A) has subsequently been 
shown to possess broad-spectrum activity 
against DNA-cont aining viruses in cell cul- 
ture (2-1 2) .  In addition, significant thera- 
peutic activity has been demonstrated by 
ara-A against herpesvirus types 1 and 2, 
equine abortion virus, and vaccinia virus 
infections in vivo (6, 13-21). Ara-A has 
also been shown to have significant antiviral 
activity against DNA virus infections in 
man, and therefore, the drug promises to 
have great practical utility in the treatment 
and clinical management of certain of these 
important viral diseases (22). 

To date, only limited activity has been 
demonstrated for ara-A against RNA-con- 
taining viruses. An inhibitory effect of ara- 
A has been reported earlier on Rous 
sarcoma virus in cell culture (6, 7) ,  and 
more recently, ara-A has been found to 
inhibit the replication of vesicular stomatitis 
virus in vitru (23). Because of these latter 
reports of ara-A activity against RNA vi- 
ruses and because of the fact that the RNA 
tumor viruses replicate through a DNA 
intermediate made possible by the RNA- 
directed DNA polymerase (RDDP or 
“reverse transcriptase”) reaction (24, 25 ) , 
we have examined the effect of ara-A on 
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naturally occurring Gross murine leukemia 
virus (MLV) in vitro. 

Materials and Methods. Cell cultures and 
growth medium. Primary cell cultures pre- 
pared from 15- to 17-day-old NIH strain 
Swiss mouse embryos (NIH-ME) were ob- 
tained from Flow Laboratories, Inc. (Rock- 
ville, MD) and were used in the prepara- 
tion of secondary cultures which were 
grown as monolayers in 60-mm plastic 
tissue culture dishes (Falcon Plastics, Inc., 
Oxnard, CA).  The continuous-passage rat 
XC sarcoma cell line was obtained from 
Dr. Adeline J. Hackett (Naval Biomedical 
Research Laboratory, University of Cali- 
fornia, Berkeley, CA) and was carried in 
culture as monolayers in 75 cm2 Falcon 
plastic tissue culture flasks. Eagle’s mini- 
mum essential medium (MEM) with Earle’s 
balanced salt solution (BSS) containing 
10% unheated fetal calf serum, penicillin 
( 100 units/ml) , streptomycin ( 100 pg/ml), 
and glutamine (2  mM), was employed as 
growth medium for the propagation of both 
the NIH-ME cells and the rat XC cells. 

Virus. The Gross MLV used in these 
studies was originally isolated from leuke- 
mic AKR mice and passaged five times in 
secondary NIH-ME cell cultures in these 
laboratories. The virus was identified as 
wild-type Gross MLV by means of a plaque- 
reduction neutralization test employing 
Gross MLV-specific antiserum. Virus stocks 
were prepared in secondary NTH-ME cell 
cultures, pretitered by means of the UV- 
XC plaque assay technique (26),  and stored 
frozen at -70” until used for experiments. 

Compound. The ara-A (NSC 404241) 
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was supplied by Drug Research and Devel- 
opment, Division of Cancer Treatment, 
National Cancer Institute, Bethesda, MD. 

Plaque inhibition tests. The UV-XC 
plaque assay procedure for murine leukemia 
viruses, recently described by Rowe, Pugh, 
and Hartley (26) ,  was utilized in the eval- 
uation of ara-A for activity against Gross 
MLV by means of plaque inhibition tests. 
Five concentrations of ara-A ranging (in 
serial O.5-logl0 dilutions) from 40.0 to 0.4 
p g h l  were examined for antiviral activity 
against 50 to 100 plaque-forming units 
(PFU) of Gross MLV/cell culture. Drug 
was added to the NIH-ME cell cultures 
immediately after virus inoculation. The test 
cultures (three cultures per drug concentra- 
tion) each contained 4.5 ml of ara-A di- 
luted in growth medium and 0.5 ml of virus 
suspension. Virus control cultures (six cul- 
tures) each contained 4.5 ml of growth me- 
dium alone (no drug) and 0.5 ml of the virus 
suspension. Drug control cultures (containing 
ara-A, but no virus) and normal cell con- 
trol cultures (no drug or virus) were also 
included in each assay. All cultures were 
handled in a similar manner, incubated at 
3 7 O ,  and were quantitatively examined for 
Gross MLV infectivity by means of the 
UV-XC plaque assay technique at 96 hr after 
virus inoculation. Antiviral activity was ex- 
pressed in terms of the reduction in the 
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mean number of plaques counted in drug- 
treated, virus-infected cultures when com- 
pared with the mean number of plaques 
counted in untreated, virus-infected control 
cultures. Hemocytometer cell counts using 
trypan blue to determine viability were 
performed on triplicate drug-treated and 
untreated NIH-ME cell cultures at the time 
of virus assay. 

Results. Data from a representative plaque 
inhibition test in which ara-A was evaluated 
for activity against Gross MLV in vitro are 
plotted in Fig. 1. (Six separate experiments 
yielded similar results.) It can be seen that 
ara-A significantly inhibited ( P  < 0.001) 
Gross MLV-induced plaque formation in 
XC cells at each of the five concentrations 
tested. A 2 50% inhibition in the number 
of virus-induced plaques was obtained with 
as little as 1.28 pg of ara-A/ml of culture 
medium. An approximate 70% reduction 
in plaques was observed when virus-infected 
NIH-ME cells were treated with ara-A at a 
concentration of 4.0 pg/ml. No plaques 
were detected in UV-XC assays of virus- 
infected cultures treated with ara-A at a 
concentration of 40.0 pg/ml. Although 
there was no microscopic evidence of cyto- 
toxicity at antiviral concentrations, Fig. 2 
shows that the number of viable host cells 
which were present at 4 days after the 
initiation of drug treatment was slightly de- 
creased in cultures treated with ara-A at 
40.0 pg/ml. This indicated a possible in- 
hibitory effect on host cell multiplication 
with higher concentrations of the compound. 
Miller et al. ( 7 )  reported a slight lowering 
of the mitotic index of H.Ep-2 cell cultures 
with ara-A at a concentration of 50 pg/ml, 
but not at lower concentrations. In these 
earlier studies, microscopic evidence of 
cytotoxicity was observed with the ara- 
binosyl nucleoside at concentrations of 160 
pg/ml and above, while selective antiviral 
activity was apparently demonstrated at 
concentrations of 40 pg/ml and below. Our 
data clearly demonstrated a selective anti- 
viral effect for ara-A against Gross MLV 
at concentrations below 40 pg/ml, i.e., at 
concentrations of ara-A which produced a 
significant ( 2 50% ) inhibition of virus- 
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FIG. 2. Number of viable NIH-ME cells after 
treatment with ara-A for 4 days at 37". Each 
point represents the average of triplicate assays 
(standard deviation shown). 

induced plaque formation, but which had no 
demonstrable effect on the multiplication of 
host cells. 

Discussion. The results of this investiga- 
tion suggest that the idea of the restriction 
of ara-A antiviral activity to infections 
caused by DNA-containing viruses, as op- 
posed to those caused by RNA-containing 
viruses, might have to be altered in the case 
of the RNA tumor viruses which have the 
capacity to produce virus-specific DNA 
using RNA as template. The search for 
selective antiviral agents which might be 
effective against oncogenic RNA viruses 
should therefore probably include an ex- 
amination of potential inhibitors of both 
viral RNA and DNA synthesis. The inhibi- 
tion of RNA-directed DNA polymerase 
from Rauscher murine leukemia virus by 
the 5'-triphosphate of the related compound 
1 -/?-D-arabinofuranosylcytosine (cytosine 
arabinoside; ara-C) , a well-known inhibitor 
of RNA tumor viruses and DNA viruses, 
was recently reported by Tuominen and 
Kenny (27). Similarly, Muller et aE. (28) 
reported that the RNA-directed DNA poly- 
merases from oncogenic RNA viruses and 
from lymphoma cells were approximately 
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200 times as sensitive to ara-CTP inhibition 
as the various viral and cellular DNA- 
directed DNA polymerases. Clearly, ara-A 
should also be examined for a possible 
selective inhibitory effect on viral RNA- 
directed DNA polymerases. 

The practical importance of the finding 
of antiviral activity demonstrated by ara-A 
against Gross MLV, Rous sarcoma virus, 
and possibly other RNA tumor viruses in 
vitro cannot be accurately assessed until 
the compound has been thoroughly ex- 
amined for possible confirmatory activity in 
experimental in vivo systems. Antiviral ac- 
tivity in cell culture does not necessarily 
indicate that one can expect to  observe 
therapeutic effectiveness in animals or in 
man. However, the selective inhibition of 
Gross MLV by ara-A in v,itro is a poten- 
tially important observation, and we are 
currently investigating the possibility of its 
similar inhibitory activity in vivo. The 
search for selective inhibitors of RNA 
tumor viruses could possibly lead to the 
development of useful chemotherapeutic 
agents for the prevention of virus-induced 
leukemia in animals and for the mainte- 
nance of remission in leukemic patients suc- 
cessfully treated with anticancer drugs or 
by other effective methods. An advantage 
of ara-A over ara-C therapy in human can- 
cer patients would certainly be its demon- 
strated clinical effectiveness against DNA 
virus infections, which often appear as 
serious complications, and its apparent lack 
of immunosuppressive properties. 

Summary. Ara-A, an antiviral agent with 
broad-spectrum activity against DNA vi- 
ruses, was observed to inhibit Gross murine 
leukemia virus (an RNA tumor virus) in 
cell culture. Its activity was selective and 
was observed at  concentrations well below 
cytotoxic levels. 
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