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The in vivo anti-influenza virus and antivaccinia virus activity of 156 biologically
active compounds was determined. One of two criteria was used for evaluating ac-
tivity against the influenza virus. The criteria were increase in survivor number and
mean survival time, and reduction in virus-induced lung consolidation in treated,
infected Swiss mice. Increase in survivor number and mean survival time were the
criteria for evaluation of antivaccinia virus activity. Several drug doses were tested
against two virus concentrations to demonstrate antiviral activity more clearly. Two
compounds were considered significantly active against the influenza virus: DL-
noformicin (NSC 72942) and amantadine hydrochloride (NSC 83653). Eleven com-
pounds had reproducible activity against vaccinia virus: isatin-,B-thiosemicarbazone
(NSC 721), 6-azauracil (NSC 3425), 9-a-fluoro-2a-methylhydrocortisone 21-acetate
(NSC 12601), 5-[bis(2-chloroethyl)amino]uracil (NSC 34462), 5-iodo-2'-deoxyuri-
dine (NSC 39661), streptonigrin (NSC 45383), N-methylisatin ,B-thiosemicarbazone
(NSC 69811), cytovirin (NSC 91770), 9-f3-D-arabinofuranosyladenine (NSC 404241),
and 5-(mercaptomethyl)uracil (NSC 529351).

Effective viral disease chemotherapy has be-
come increasingly feasible in recent years as a
result of extensive screening studies and the ap-

parent success of clinical trials with a few select
compounds. The chemotherapy approach to viral
disease control is of particular interest, since the
most desirable alternative to this control, vac-

cination, is wholly effective only if the vaccines
are used by the majority of a specific human
population, and is ineffective if the disease to be
controlled is caused by a broad spectrum of
agents, such as is the case for the common cold.
Because of the potential of antiviral chemo-
therapy, we have carried out a series of studies to
evaluate the in vivo antiviral activity of a number
ofcompounds. The compounds used were selected
especially for their known biological activity in
one or more in vivo tumor systems or their
activity in vitro or in vivo in animal-virus systems,
or because of their apparent chemical relationship
to biologically active compounds. Viral agents
used in these studies included Friend leukemia
virus, Rous sarcoma virus, mouse salivary gland
virus, influenza virus, vaccinia virus, and rabbit-
pox virus. In a previous communication (22), the
results of studies with the Friend leukemia virus
were described. The present report concerns the
results of investigations with influenza, vaccinia,
and rabbitpox viruses.

MATERIALS AND METHODS
Inifluentza virus. The strains of influenza virus used

for primary screening experiments were the PR8
strain of influenza A virus (PR8) or the Japan 305
strain of Asian influenza virus (Asian). In certain
follow-up studies, the Lee strain of influenza B virus
(Lee) and the PR301 strain of influenza A virus
(PR301) were also employed. The PR8 and PR301
viruses were obtained in mouse brain suspensions from
Bernice Eddy, Laboratory of Virology and Rickettsi-
ology, National Institutes of Health, Bethesda, Md.;
the Asian agent was obtained in monkey kidney cell
suspension from Wilton A. Rightsel of Parke, Davis &
Co., Detroit, Mich.; and the Lee virus was received
in chorioallantoic membrane suspension from Roslyn
Robinson of the National Communicable Disease
Center, Atlanta, Ga. We passed each virus at least
three times through mice by intranasal inoculation
prior to use in these studies. Virus stock was prepared
from homogenized, infected mouse lung suspended
in Hank's balanced salt solution. Dihydrostrepto-
mycin in a concentration of 10 mg/ml of virus was
added before virus was used to infect animals. The
LD5o virus titers were calculated (17) from the numbers
of intranasally inoculated mice that died within 12
days of inoculation.

Vaccinia and rabbitpox viruses. The International
Health Division (IHD) or the Western Reserve (WR)
strains of vaccinia virus were used in all primary
screening experiments. When antiviral activity was

suggested in at least one screening experiment, the
Utrecht (Ut) strain of rabbitpox virus was often used
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in a follow-up study. All three viruses were obtained
in chorioallantoic membrane or mouse brain suspen-
sion from Arthur Brown, Fort Detrick, Frederick,
Md. When received in our laboratory, the viruses
were passed intracerebrally through ICR Swiss mice,
and homogenized, infected mouse brains were sus-
pended in Hank's balance salt solution. The LD5o
virus titers were determined from the 12-day mor-
tality of intracerebrally inoculated mice. All viruses
were stored in sealed ampoules at about -70 C until
used.

Mice. Random-bred ICR Swiss mice weighing 8 to
10 g were used in the majority of the influenza virus
experiments. In certain follow-up experiments, 18- to
21-g mice were employed. For the vaccinia and rabbit-
pox virus experiments, 18- to 21-g mice were used.
All animals were obtained from Southern Animal
Farms, Prattville, Ala., and mice of the same sex
were used in individual experiments. They were
housed five to a cage.

Compounds tested. A total of 156 compounds were
tested for antiviral activity. The Cancer Chemo-
therapy National Service Center (Washington, D.C.)
supplied the majority of these compounds; hence,
when each is described, the CCNSC (NSC) number
is included. Among the compounds tested were
antimetabolites, alkylating agents, antibiotics, hor-
mone and hormonelike compounds, guanidines,
thiosemicarbazones, semicarbazones, terephthalani-
lides, and other miscellaneous agents. Each compound
was dissolved or suspended in the most appropriate
medium, which was either sterile water, physiological
saline, diluent E (a steroid-suspending vehicle con-
taining 9% sodium chloride, 5% sodium carboxy-
methylcellulose 7LP, 0.4% polysorbate 80, and 0.9%
benzyl alcohol in water), 1% NaHCO3, 5%o gum
acacia in saline, or 0.4% carboxymethylcellulose in
phosphate-buffered saline.

Influenza virus testing. Mice were inoculated intra-
nasally with 0.06 ml of virus (10 or 32 LD5o) suspended
in Hank's balanced salt solution. After virus inocula-
tion, the animals were randomized and divided into
groups of 10 for each drug dosage. Twenty animals
were used as virus controls.
One of two drug treatment schedules was used in

the primary screening evaluations. Schedule 1 con-
sisted of twice daily drug injections beginning 1 day
prior to virus inoculation and continuing for 9 days,
and schedule 2 consisted of once daily drug injections
starting 1 day after virus inoculation and continuing
for 9 days. Drug doses used were the approximate
LDIO, LD1o/2, LD,o/4, and LD1o/8 as based on previous
toxicity tests in normal animals held 21 days from the
beginning of treatment. The compounds were ad-
ministered intraperitoneally on a milligram per kilo-
gram basis, with each animal being weighed daily.
Other treatment schedules were utilized in additional
experiments with certain drugs; these treatment sched-
ules were chosen in attempts to obtain a more positive
demonstration of antiviral activity for compounds
that appeared active in the screening studies and to
elucidate prophylactic or therapeutic activity. These
various schedules are indicated in the appropriate
tables.
The initial criteria for evaluation of anti-influenza

virus activity of each drug were increases in the time

of mean survival and in the number of survivors 21
days after virus inoculation. Comparative experiments
carried out during these studies indicated that the
reduction of virus-induced lung consolidation of
drug-treated animals on the 10th day after virus inocu-
lation was an equally sensitive procedure and had the
advantage of requiring less time. The former proce-
dure was therefore used in approximately two-thirds
of the experiments and the latter method was used
in the remainder of the studies.
The results of the experiments in which the first

procedure was used were statistically evaluated by
comparing (by means of the t test) the mean survival
time of drug-treated, virus-infected animals dying
on or before day 21 with the mean survival time of
the virus control animals. If the P value obtained was
<0.05 but >0.001, the antiviral activity was con-
sidered questionable. If the P value was <0.001, the
drug was considered to have possible antiviral activ-
ity. The data were questionable if a significant increase
in mean survival time occurred in animals treated
with low dosages of the drug, but did not occur in
animals treated with higher nontoxic concentrations.
The same consideration applied if activity was ob-
served in mice infected with a high level of virus but
not in those infected with lower virus doses. The
number of surviving infected, treated animals was
compared with the number of virus control mice
surviving (if any) by means of the chi-square analysis
technique. If the P values calculated by this method
were <0.3 but >0.05 (approximate standard error),
the antiviral activity was questionable, whereas values
of <0.05 were indicative of possible antiviral activity.
The evaluation of antiviral activity on the basis of

reduction of virus-induced lung consolidation was
carried out by scoring each lung on a "blind" basis,
i.e., the scorers did not know the history of the donors
of the lungs. The lungs were graded according to the
following scale: 5 = death with consolidation, 4 =
100% consolidation, 3 = -75% consolidation,
2 = -50% consolidation, 1 = -25% consolidation,
0 = no consolidation. An average lung consolidation
score was calculated by dividing the total grade of
consolidation by the number of lungs graded. The
data were statistically evaluated using White's modifi-
cation of the Wilcoxon test (28). A P value of <0.05
calculated by this method indicated questionable
antiviral activity, and a P value of <0.01 indicated
possible antiviral activity. The same considerations,
of dose response and virus concentrations described
above were also used in this method.
Any compound having questionable or possible

antiviral activity when tested by either of the above
procedures was retested for confirmation. If possible
activity was again seen, additional experiments with
other virus strains, different treatment schedules, or
different methods for evaluation were then carried out.

Mice which had been exposed only to virus diluent
were treated with identical drug dosages at the same
time as the test animals. These animals were held 30
days after the end of treatment and served as drug
toxicity controls.

Vaccinia virus testing. Mice were inoculated intra-
cerebrally with 0.03 ml containing 10 or 32 LD5o of
the virus suspended in Hank's balanced salt solution
and were treated as described above for influenza
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virus. Increases in time of mean survival and number
of survivors were the criteria used for evaluation of
antivaccinia virus activity.

RESULTS
A total of 248 experiments were carried out

with influenza virus and 263 experiments with
vaccinia virus in the evaluation of 156 compounds.
The compounds tested, diluents, number of
trials, treatment schedules, dose range, and
viruses tested are summarized in Table 1. Each
compound is classified according to structure or
probable mode of action. If a compound could
be placed in more than one category, it was listed
under the most descriptive classification.
Two compounds were considered active against

influenza virus. These were amantadine hydro-
chloride (NSC 83653) and DL-noformicin (NSC
72942). The results of the death-pattern experi-
ments with these two compounds are summarized
in Table 2, and the results of lung consolidation
experiments with these compounds are indicated
in Table 3. DL-Noformicin was tested against the
PR8 virus by means of reduction in hemag-
glutination (HA) titers in lung suspensions of
treated, infected mice as an additional criterion
for evaluation. The results of this experiment are
shown in Table 4. The methods of Ginsberg and
Horsfall (8), and modifications of these methods
as indicated in Table 4, were used to determine the
HA titers. Marked reductions in HA titers were
observed after treatment in this experiment,
indicating that therapy with DL-noformicin
reduced the virus titer in the lungs of the infected
mice. Neither amantadine hydrochloride nor
DL-noformicin was considered active in every
test carried out, although the activity was re-
producible when identical viruses and treatment
schedules were used in confirming experiments.
The former compound was more active against
the Asian virus than against the PR8 virus, and
was usually more effective when administered by
a treatment schedule beginning prior to virus
inoculation. DL-Noformicin was active in one or
more experiments against all the influenza viruses
tested and when used in a variety of treatment
schedules, including intraperitoneal administra-
tion in a single injection 24 hr after virus inocula-
tion. The use of larger mice seemed to be more
efficacious for evaluating this compound.

Eleven compounds were considered active
against vaccinia virus or the related rabbitpox
virus. These included isatin-f3-thiosemicarbazone
(NSC 721), 6-azauracil (NSC 3425), 9-a-fluoro-
2a-methylhydrocortisone 21-acetate (NSC
12601), 5-[bis(2-chloroethyl)amino]uracil (NSC
34462), 5-iodo-2'-deoxyuridine (NSC 39661),
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TABLE 2. Summary of the results of death pattern experiments with compounds active' against
in vivo influenza virus infections6

Name

DL-Nofor-
micin
(NSC
72942)

Amanta-
dine hy-
drochlo-
ride
(NSC
83653)

Virusc

PR301
PR8
PR8
PR8
PR8
PR8
Asian
Asian
Asian
Asian
Asian

PR8
PR8
PR8
Asian
Asian

Dose range
(mg per kg
per day)

0.3-2.4
0.3-2.4
0.3-2.4
15-60
15-60g
15-60w

0.3-2.4
0.3-2.4
10-40g
15-60g

0. 3-lOg

1.6-12.5
1.6-12.5
0.9-7

.12.5-50
0.3-2.4

Treat-
ment
sche-
duled

2
1
2
4
4
3
2
2
3
4
1

S
2
6
3
1

10 LD60 of virus

Max
survi-
vors,
T-C
(%)

0

0
0
0
35
5
5

40
30
10

0
0
10
10
30

Survi-
vors, pe

<0.3
>0.3
>0.3
<0.05
<0.3
>0.3

>0.3
>0.3
<0.3

Max
mean

survival
time

increase
(days)

1.1
0.8
0.7
1.0
3.1
1.5
0.3
2.5
3.6
2.4
3.3

0.6
0.3
0.0
2.8
2.5

Increase,
pf

<0.05
>0.05
>0.05
<0.05
<0.05
<0.05
>0.05
<0.05
<0.05
<0.05
<0.001

<0.05
>0.05

<0.001
<0.001

32 Ws60 of virus

Max
survi-
vors,
T-C
(%)

0

0

0S
0

0
0
0
40

10
10
0
30
30

Survivors,
p

>0.3

<0.05

>0.3
>0.3

<0.3
<0.3

Max
mean

survival
time

increase
(days)

0.1
1.6
1.0
0.2
3.4
1.8
0.0
0.0
4.0
0.2

1.6
0.0
0.0
2.8
2.2

Increase,
p

>0.05
<0.05
<0.05
>0.05
<0.05
>0.05

<0.001
>0.05

<0.001

<0.05
<0.05

- Compounds were considered active if treatment of virus-infected mice resulted in dose-responsive
significant increases in mean survival time or in number of survivors.

6 ICR Swiss mice were inoculated intranasally with 0.06 ml of influenza virus; 8- to 10-g mice were
used unless otherwise indicated.

c Viruses: see footnote g, Table 1.
d Treatment schedules: see footnote e, Table 1.
e P = probability that any increase in the number of survivors in the virus-infected, treated groups

compared to the virus control group was due to chance, as determined by chi-square analysis. P <
0.3 = significant, P < 0.05 = highly significant.

f P = probability that any observed increase in mean survival time of virus-infected, treated groups
compared to the virus-control group was due to chance, as determined by t test. P < 0.05 = significant,
P < 0.001 = highly significant.

o In these instances, 18- to 21-g mice were used.

streptonigrin (NSC 45383), N-methylisatin-3-
thiosemicarbazone (NSC 69811), 5-(2,4-dichloro-
phenoxy)-2-thiouracil (NSC 73753), cytovirin
(NSC 91770), 9-fl-D-arabinofuranosyladenine
(NSC 404241), and 5-(mercaptomethyl)uracil
(NSC 529351). The results of the experiments
with these compounds are summarized in Table 5.
In addition to the experiments indicated, one of
the two active thiosemicarbazone compounds
was used as a positive control for the majority of
the vaccinia virus chemotherapy experiments
carried out. In every experiment, treatment of
vaccinia virus-infected mice with these compounds
resulted in marked increases in number of sur-
vivors and life span.
The results of the influenza and vaccinia virus

experiments with the other compounds listed in
Table 1 have been omitted to conserve space,

since these other compounds were not repro-
ducibly active against either virus by the methods
employed.

DIscussIoN
The chemotherapy experiments which were

carried out with the influenza virus system indi-
cated that few of the compounds tested were
reproducibly active against the virus, although
most of the compounds have been reported to
have biological activity in one or more in vivo
tumor systems or against one or more animal
viruses in vitro.

Since the initial reports on the antiviral activity
of the compounds in 1964 (5, 10; R. R. Grunert
et al., Federation Proc. 23:387, 1964; C. E.
Hoffman, R. E. Haff, and E. M. Neumayer,
Federation Proc. 23:387.), much has been pub-

386 APPL. MICROBIOL.



VOL. 16, 1968 ANTIVIRAL EFFECT OF BIOLOGICALLY ACTIVE COMPOUNDS

TABLE 3. Summary of the results of lung consolidation experiments with compounds activea
against in vivo influenza virus infectionsb

Name

DL-Noformicin (NSC
72942)

Amantadine hydrochlo-
ride (NSC 83653)

VirusC

Asian
Asian
Asian
Lee
PR8
PR8

Asian
Asian
Asian
Asian

Dose range
(mg per kg
per day)

0.3-2.4
0.3-2.4
10-40h

0.3-2.4
10-40

2. 5-20h

1.6-13
7.9-63
3.1-25

12. 5-50h

Treatment
schedule"

2
2
3
2
3
3

1
7
2
3

15
5

60
30
10
10

10
15
10
50

Ma Survivors
vior%) P

>0.3
>0.3
<0.001
<0.3
>0.3
>0.3

>0.3
>0.3
>0.3
<0.05

Max re-
duction in
lung consol.

scoref

1.3
1.2
1.5
0.5
0.5
0.8

0.2
0.5
0.6
1.5

Max
reduction,

pg

<0.01
<0.01
<0.01
>0.05
>0.05
<0.05

>0.05
>0.05
<0.05
<0.01

a Compounds were considered active if treatment of virus-infected mice resulted in dose-responsive
significant increases in the number of survivors or reductions in lung consolidation.

b ICR Swiss mice were inoculated intranasally with 0.06 ml of influenza virus; 8- to 10-g mice were
used unless otherwise indicated.

c Virus: see footnote g, Table 1.
d Treatment schedules: see footnote e, Table 1.
Pp = probability that any observed increase in number of survivors in the virus-infected, treated

groups compared to the virus-control group was due to chance. Determined by chi-square analysis.
f Lung consolidation score: total grade of consolidation/number of animals. Lungs were graded

according to the following scale: 5 = death with consolidation; 4 = 100% consolidation; 3 = -75%
consolidation; 2 = -50% consolidation; 1 = -25% consolidation; 0 = no consolidation.

a P = probability that decrease in lung consolidation score of drug-treated, infected animals com-
pared to the virus-control group was due to chance. Determined by White's modification of the Wil-
coxon test.

h In these instances, 18- to 21-g mice were used.

lished describing the anti-influenza virus activity
of amantadine hydrochloride. These reports have
generally indicated that this drug is most effective
when administered prophylactically against the
Asian influenza virus. Our studies confirm these
observations, although the antiviral activity of
the compound was not spectacular in any experi-
ment.

DL-Noformicin was originally reported to be
active against the influenza virus by McClelland
(14), and by Schabel and Skipper (20) in separate
investigations. Our experiments indicate that the
compound is active to a degree against the PR8,
Asian, and Lee influenza viruses, but, as was the
case for amantadine hydrochloride, this activity
was not considered marked in any experiment.
In the original reports, the noformicin used was
produced biosynthetically by Nocardia formica.
The material used in the present experiments,
however, was chemically synthesized, and a
definite difference between the in vivo toxicity
of the synthetic compound and the recorded
toxicity of the naturally occurring material has
been observed. These data suggest that a chemical
difference exists between the natural and synthetic
products. None of the original natural product

was available for the present studies, so con-
comitant comparisons could not be made. DL-
Noformicin had a greater degree of antiviral
activity, that is, a higher therapeutic index (25),
when large mice were used. We have found that
the large (18 to 21 g) mice will apparently tolerate
up to four times the amount of drug per unit
weight that the small (8 to 10 g) mice can be
given; hence, if the drug has a low therapeutic
index, and is consequently active only at a nearly
toxic dose, this activity may be masked by using
the smaller animals. Because of this observation,
all compounds in these influenza virus studies
which had a suggestion of antiviral activity when
tested in the small mice were retested in the larger
animals. With the exception of DL-noformicin,
no consistent antiviral activity of significance was
observed. Treatment with 1,3-bis(2-chloroethyl)-
1-nitrosourea (NSC 409962) resulted in slight
increases in the life span of PR8-infected mice, as
we reported previously (21), but these increases
were not statistically significant.
The vaccinia virus chemotherapy experiments

confirmed the reported in vivo antiviral activity
of isatin-fl-thiosemicarbazone (2, 27), 5-iodo-2'-
deoxyuridine (12), N-methylisatin-,B-thiosemi-
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TABLE 4. Anti-influenza virus activity of DL-noformicin as evaluated by reduction of hemagglutinin
titers in the lungs of infected treateda mice

Hemagglutinin titersb of lungs removed 5 days post-virus inoculation

Drug dose (mg per kg per day) Test lc Test 2d Text 3e

0.25% chick 0.4% guinea 0.25% chick 0.4%O guinea 0.25% chick 0.4% guinea
RBC pig RBC RBC pig RBC RBC pig RBC

20 40 40 <20 40 <20 <20
10 40 80 20 160 <20 20
5 80 320 160 320 <20 20
2.5 80 320 160 320 40 40
0 (virus controls) 80 320 160 320 40 40
0 (normals) <20 <20 <20 <20 <20 <20

a SWiSS mice (18 to 21 g) were infected intranasally with 10 LD50 of influenza A (strain PR8) virus.
Drug was administered intraperitoneally in three injections: 15 min pre-, 6 hr post-, and 24 hr post-
virus inoculation.

b Reciprocals of antibody titers.
c Lungs were homogenized in phosphate-buffered saline (PBS) centrifuged at low speed, and twofold

dilutions of the supernatant fluid were mixed with the appropriate red blood cells (RBC). The supernatant
fluid and RBC were incubated at room temperature for up to 2 hr, and the degree of hemagglutination
was determined by the sedimentation pattern.

d Lungs were homogenized in phosphate-buffered saline, treated with receptor-destroying enzyme
(RDE) for 2 hr at 37 C, centrifuged at low speed, and twofold dilutions of the supernatant fluid were
made in 2.5% sodium citrate. Each dilution was then mixed with the appropriate RBC (suspended in
PBS), incubated and the degree of hemagglutination determined as in test 1.

e Lungs were homogenized in PBS, treated with RDE for 16 hr at 20 C and 2 hr at 37 C, centrifuged
at low speed, and twofold dilutions of the supernatant fluid were made in 2.5% sodium citrate. Each
dilution was then mixed with the appropriate RBC (suspended in 2.5% sodium citrate), incubated, and
the degree of hemagglutination determined as in test 1. This method was similar to that described by
Ginsberg and Horsfall (8).

carbazone (2, 27) and 5-(2,4-dichlorophenoxy)-
2-thiouracil (1, 15, 26). 9-f3-D-Arabinofuranosyl-
adenine reportedly has antivaccinia virus activity
in vitro (6, 7), but our studies are the first to
demonstrate that the compound has marked in
vivo activity against this virus. We consider the
in vivo activity of this compound to be approxi-
mately equivalent to the antiviral activity of
isatin-,3-thiosemicarbazone. None of the other
compounds listed in Table 5 was considered as
active against the vaccinia virus as the thiosemi-
carbazones and 9-f3-D-arabinofuranosyladenine.
Four uracil derivatives were active against in

vivo vaccinia virus infections. 5-(2,4-Dichloro-
phenoxy)-2-thiouracil reportedly has a protective
effect against intracerebrally or intranasally
inoculated vaccinia virus in mice (1, 26); this
activity was confirmed in the present studies.
Smejkal et al. (24) found that 6-azauracil is active
against the virus in vitro. The compound had
moderate antivaccinia virus activity in the present
study. It is apparent from our studies that the
related compounds 5-[bis(2-chloroethyl)amino]-
uracil and 5-(mercaptomethyl)uracil are also
active against the virus in mice to a limited extent.

The supply of 5-(mercaptomethyl)uracil was
sufficient to carry out a single experiment only,
but the activity observed was dose-responsive.
Treatment of vaccinia virus-infected mice with

a cortisone derivative, 9-a-fluoro-2a-methylhy-
drocortisone 21-acetate, was effective in prolong-
ing the mean survival time. This observation was
interesting, since a number of reports (3, 9, 16)
indicated that cortisone treatment usually en-
hances the infectious process.

5-Iodo-2'-deoxyuridine is known to be active
against herpes and vaccinia viruses, both deoxy-
ribonucleic acid agents in animals (11, 12). In
our studies, the drug was apparently inactive
against vaccinia virus infections in mice inoculated
with the virus by the intracerebral route, but was
effective in prolonging the mean survival time if
the mice were inoculated with the virus by the
intranasal route. These data suggest that this
drug does not cross the blood-brain barrier, but
is effective against infections in other parts of the
body. In contrast, isatin-4-thiosemicarbazone
and cytovirin were apparently less active against
the intranasally inoculated agent. Streptonigrin,
N-methylisatin ,B-thiosemicarbazone, and 5(2,4-
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dichlorophenoxy)-2-thiouracil were essentially
as active against both intracerebrally and in-
tranasally inoculated vaccinia viruses.

Actinomycin D (NSC 3053), 6-aminonicotina-
mide (NSC 21206), 5-fluoro-2'-deoxyuridine
(NSC 27640), and 5-bromo-2'-deoxyuridine
(NSC 38297) have been shown by others (13, 18,
19, 24) to be active against vaccinia virus in cell
culture, and in our studies treatment with each
prolonged the life spans of vaccinia virus-infected
mice in one or more experiments. This activity
was not readily reproducible, however, so the
compounds were not considered to have accept-
able antiviral activity. 1-13-D-Arabinofuranosyl-
cytosine has been reported by Renis and Johnson
(Bacteriol. Proc., p. 140, 1962) and Buthala (4)
to have antivaccinia virus activity in embryonated
eggs and in cell culture, but no activity was seen
in the present in vivo studies. Studies in L1210
leukemia systems have indicated that this com-
pound is effective when given over a period of
time which encompasses one or more doubling
times of the leukemia cells (23). This finding
prompted an attempt to demonstrate antiviral
activity by treating infected mice constantly over
a 24-hr period by use of a perfusion machine, but
no activity was demonstrated. A single treatment
24 hr after virus inoculation was likewise ineffec-
tive.
A number of thiosemicarbazones and semi-

carbazones were evaluated in these studies, but
only the two thiosemicarbazones cited above had
consistent antivaccinia virus activity.

In vivo screening systems such as those de-
scribed in this report for the evaluation of po-
tential antiviral compounds seem to have real
value for the demonstration of compounds having
unequivocal activity against viruses. It is possible
that such systems present a more severe challenge
to the test compound than in vitro systems; hence,
unless a compound is markedly active against the
virus, this activity may not be demonstrable in
vivo. Many investigators have reported a variety
of compounds as having antiviral activity. Addi-
tional studies with these compounds often fail to
confirm this activity unequivocally, particularly
when in vivo systems are used. We feel that several
criteria should be met before a compound is
considered to have significant and acceptable
antiviral activity. These criteria include demon-
strable antiviral activity in a reasonable and or-
derly dose response, decreasing antiviral activity
when an effective dose regimen of compound is
used against progressively increasing concentra-
tions of the infectious agent, readily reproducible
antiviral activity in subsequent experiments
carried out in an identical manner, and antiviral

activity when acceptably nontoxic doses of the
compound are used. No protocol for evaluating
in vivo antiviral activity has achieved complete
acceptance in the scientific community, but the
procedures used in the present studies appear to
be as sensitive and reproducible as any other
procedures now known.
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