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number of viremic BALB/c mice 35 days after infection. The
blood was added to an equal volume of 0.306 M potassium
citrate, pooled, and centrifuged twice at 2150 X g for 10 mm
to ensure complete separation of all cellular debris. The re
suiting supernatant was dispensed in 1.0-mi amounts into
screw-cap vials and stored at â€”70Â°.The virus preparation was
shown to have a titer of i0@ â€˜@SED5 o/l .0 Iii!.

Mice. Adult BALB/c mice of both sexes, 6 to 8 weeks old,
were obtained from Simonsen Laboratories, Gilroy, Calif. The
animals were maintained in plastic cages and fed Purina labo
ratory chow with waterad libitum.

Virus Inoculum. A thawed aliquot of plasma-derivedvirus
(10k .7 SED5 0/mi) was diluted appropriately with the required
volume of 0.85% NaCl solution. Mice were inoculated i.p. with
0.2-mi volumes of each dilution.

Spleen Weight Determination. Groups of the test mice used
in the spleen weight assays were killed by cervical fracture at
indicated time intervals, and the spleens were excised and
weighed individually to the nearest 10 mg on a Model P120
Mettler balance.

Collection and Preparation of Materials for Bioassay. Plasma
was obtained from virus-inoculated donor mice at indicated
time intervals. Spleen weights of these mice were recorded.
Serial 10-fold dilutions of undiluted plasma from donor mice
were made, and 0.2 ml of each dilution was inoculated i.p.
into each of S recipient mice. Immediately after the donor
animals were bled to obtain the plasma specimens, the spleens
and livers were removed, weighed, and stored in screw-cap vials
at â€”70Â°.On the day of bioassay, 10% cell-free extracts of
thawed spleen and liver tissue were prepared and serial 10-fold
dilutions of these extracts were inoculated into recipient mice
as previously described. The virus content of plasma, spleen,
and liver samples were determined by the spleen weight assay.
The criterion for splenomegaly was a weight greater than 200
mg. Spleen weight of 200 mg or greater is considered indica
tion of infection. Range of spleen weight for normal nonin
fected mice is 100 to 140 mg.

Drugs and Treatment. Melphalan (L-phenylalanine mustard)
and BCNU were dissolved in 0.85% NaC1 solution. The drugs
were administered i.p. in a constant volume of 0.01 ml/g of
body weight. Treatment was initiated 10 days after virus
inoculation and administered daily for a total of 6 treatments
(Day lOtoDay 15).

In Vivo Antiviral Assay. The spleen weight assay used to
study the effect of drug on the virus is similar to those pre
viously described for the Rauscher and Friend leukemia viruses
(2, 3). Briefly, plasma was obtained from virus-inoculated con
trol and treated donor mice on indicated days and inoculated
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SUMMARY

A variant of the murine sarcoma virus (Moloney) designated
as MSV(PV) has been shown to be a new model for evaluating
potential antiviral agents. Inoculation i.p. of this virus into
adult mice results in a progressive splenomegaly. The enlarged
spleens are firm and contain multiple cream-white areas.
Inguinal and cervical lymph nodes are enlarged markedly in
the infected animals. The degree of splenomegaly is dependent
on initiating dose of virus, which permits the use of spleen
weight as a parameter for quantitative measurement of virus
titer. Extracellular virus was recoverable from the plasma 3
days after infection, before there was any significant increase
in spleen weight. In addition, virus was recoverable from
infected spleen and liver S days after inoculation. Two drugs,
meiphalan and 1,3-bis(2-chlorethyl)-l-nitrosourea were tested
for antiviral activity against a plasma variant of the murine
sarcoma virus (Moloney strain). The parameters utilized for
drug effectiveness were retardation of splenomegaly and
inhibition of virus synthesis in the drug-treated host animals.
Both drugs were found to be effective in retarding spleno
megaly, decreasing virus titer, and increasing median survival
time.

INTRODUCTION

Chirigos et a!. (4) originally described a plasma variant of a
murine sarcoma virus (Moloney strain) designated MSV(PV).'
When this variant is inoculated i.p. into adult mice, it induces a
progressive splenomegaly with diffuse tumor infiltration,
multiple tumor formation in peripheral tissues, and an intense
viremia detectable in plasma. Results of experiments indicate
that a relationship exists between the initiating dose of virus
and degree of splenomegaly. Spleen weight was therefore used
as a measurable parameter for testing potential antiviral and
antitumor agents in adult mice. In addition, this report
describes initial presence and replication of the virus in the
plasma, spleen, and liver of infected animals.

MATERIALS AND METHODS

Virus. A standard pool of MSV(PV) was prepared as
follows. Blood was collected from the brachial artery of a large

1 The abbreviations used are: MSV(PV), a plasma variant of a

murine sarcoma virus (Moloney strain);@ , 50% spleen-enlarging
dose; BCNU, i,3-bis-(2-chlorethyl)-i-nitrosourea; MST, median survival
time.
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i_p. into recipient mice. These mice were sacrificed 21 days
after inoculation and the spleens were weighed individually to
the nearest 10 mg on a Model P120 Mettler balance. Virus
titers in treated mice were calculated from a standard curve
obtained from nontreated but virus-inoculated control mice.

RESULTS

Splenomegaly Response to Dose of Virus. In this study, test
groups containing 30 mice each were inoculated i.p. with

several serial 10-fold dilutions of MSV(PV). At 1, 2, 3, and 4
weeks after inoculation, S mice from each dilution group were
selected at random and sacrificed and the spleen weight was
determined. The mean log spleen weights were plotted against
the 4 time intervals after virus inoculation. The results shown in
Chart 1 illustrate that the progression and degree of spleno
megaly were dependent on the initiating dose of virus. The
response appeared to be linear between the 101 and 102
dilutions up to 3 weeks after infection, at which time there
was no further increase in splenomegaly. Mice inoculated with
a 10@ dilution of virus showed no significant spleen enlarge
ment during this period. This study also showed a relationship
between dose of virus and MST. The results are summarized in
Table 1. Mice inoculated with 10@ and 10 2 dilutions of
MSV(PV) exhibited MST's of 34 and 39 days, respectively.
When the experiment was terminated at 76 days, S of the 12
animals that had received a i0@ dilution of virus were still
alive. All of the surviving mice exhibited splenomegaly and
node enlargement at autopsy. Similarly, 66% of the mice

2 3 4
wEEKS

Chart 1. Relation of mean log spleen (mg) response at 4 time inter
vais following inoculation of varying dilutions of virus; 5 mice from
each dilution group were sacrificed at the specified time intervals and
spleen weightswere recorded.

Table 1
Relationship of survival time and splenomegaly to

inftcting dose of virus

Â°Ten4olddilutions of MSV(PV) prepared in 085% NaCI solution and
inoculated i.p. into 6- to 8-week-old mice, 0.2 mi/mouse.

b No. of dead mice with tumor/total no. inoculated.
C No. of mice having spleens weighing greater than 200 mg at time of

sacrifice (76 days after infection).

inoculated with a 10@ dilution of virus showed enlarged
spleens. This virus dilution appears to be the lowest infective
dose which will induce splenomegaly in mice.

Recovery of Virus. The objective of this study was to deter
mine the amount of virus present in the plasma, spleens, and
livers of infected mice at specified time intervals followin
inoculation of MSV(PV). A 10@ dilution of virus (l0@.
SED5 0/ml) was inoculated i.p. into 25 donor mice, 0.2 ml/
mouse. At 3, 5, 7, 10, and 18 days after injection, S mice were
bled and their spleens and livers removed, weighed, and stored
at â€”70Â°until used for virus assay.

Bioassays of plasma, spleen, and liver specimens collected at
specified times were carried out as described under â€œMaterials
and Methods.â€• Results in Chart 2 show that donor mice had
palpable spleens (200 mg or greater) by the 7th day after
inoculation. The average donor spleen weight from infected
animals increased at a constant rate from the 7th day to the
18th day, at which time the average weight was 1540 mg.

The splenomegalic responses of recipient animals given
injections of donor plasma show that virus was present as early
as 3 days after inoculation. Five days after inoculation, there
was an increase in extracellular virus in the plasma, and virus
also was present in both spleen and liver. The amount of
recoverable virus detected in the plasma, liver, and spleen at
the different time intervals following infection is summarized
in Table 2. A maximum of 3 logs of virus was obtained from
plasma 5 days after inoculation. Virus was detected in the
spleens and livers at 5 days after infection, and by the 10th
day a maximum of 3 logs of recoverable virus was demon
strated.

Pathogenesis. Chirigos et al. (4) have described the patho
logical changes that occur in animals infected with MSV(PV).
Characteristically, i.p. inoculation of the virus into adult mice
results in a neoplastic involvement of the spleen, lymph nodes,
and striated musculature. Figs. 1 and 2 show the gross appear@
ance of a normal and infected mouse 28 days after i.p. inocula
tion. The greatly enlarged spleen is firm, containing multiple
cream-white areas. In addition, both the inguinal and cervical
lymph nodes are markedly enlarged. Fig. 3 ifiustrates the gross
appearance of infected spleens and the uniformity of response
2 weeks after i.p. inoculation. The surfaces of the spleens show
splenic foci (considered macroscopic tumors) which histologi
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Chart 2. Increase of mean log spleen weight with time in donor
animals following i.p. inoculation of a 10 â€d̃ilution of MSV(PV), and
amount of recoverable virus in plasma, spleen, and liver.

Table 2

Figs. 1 and 2. Gross appearance of normal and infected animals 28
days after Lp. inoculation of a 10 â€d̃ilution of MSV(PV). Note en
larged spleen with multiple cream-white areas, as well as enlarged
inguinal and cervical nodes.

Fig. 3. Grossappearance of infected spleensafter exposure to fixative
solution, exhibiting splenic foci 14 days after inoculation with a 10@
dilution of virus.

Two alkylating agents, BCNU and melphalan, were tested
for activity against this virus. Chart 3 demonstrates the
standard curve obtained following inoculation of recipient
mice with serial 10-fold dilutions of viremic plasma from con
trol donor mice 15 days after virus inoculation. As expected,
the data show that a direct relationship exists between the
dose of virus injected and mean log spleen weight. Four logs of
virus were recovered from these donor control mice at this
time. In contrast, BCNU and melphalan therapy retarded
splenomegaly and decreased the virus titer in donors by 2.1
and 3.4 logs, respectively. The results are summarized in Table
3. The 2 agents effectively prolonged the survival time of
infected animals. All the nontreated virus-infected control
animals died, with a MST of 32 days. The melphalan- and
BCNU-treated groups had exhibited a MST of 45 and 49 days,
respectively. The range of death in the treated groups was
protracted over a longer period of time where the 1st death
did not occur until all the control animals had died. Although
the results show that the 2 agents effectively exerted an anti
viral effect, viral replication was still evident, as all treated
animals exhibited splenic and general node enlargement at the
time of death.

a Mice inoculated i.p. with a 10@ dilution of MSV(PV) and sacrificed

at indicated time periods for spleen weight and preparation of cell-free
extracts of spleen and liver for bioassay into recipient mice.

b Logs of recoverable virus detected by subinoculation of plasma and
cell-free extracts of spleen and liver from donor animals on indicated
days into recipient mice (5 in each group).

cally consist of predominantly mesenchymal cells, fibro
sarcoma-like cells, and large fusiform giant cells (4). With the
spleen focus assay method described by Axelrad and Steeves
(1), the number of foci appearing in the spleen has been found
to be dependent upon the initiating dose of virus (J. W.
Pearson, W. T. Gibson, and M. A. Chirigos, unpublished
observations).

Antiviral Chemotherapeutic Assay. The i_p. inoculation of
MSV(PV) into adult mice results in a progressive spleno
megaly. Similarly, a dose-response relationship exists between
the degree of splenomegaly induced and the dose of virus
inoculated, which permits spleen weights to be used as a pa
rameter for quantitatively measuring virus. In addition, the early
appearance and progressive viremia in adult animals made it of
interest to use this virus-host system as a model for evaluating
potential antiviral agents.
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7th day. Therefore, synthesis and rapid accumulation of extra
cellular virus occurred before the infective process was
observed by any signfficant increase in spleen weight.

Virus was recoverable from spleen and liver as early as 5
days after infection. Virus titers appeared higher in spleen than
in liver during the early stages of infection; however, titers
were equivalent in spleen and liver by the 10th day. Thus, a
viremia occurs soon after infection, is detected extracellularly
by the 3rd day, and disseminates into tissues (spleen and liver)
by the 7th day.

Rowe and Brodsky (9), Chirigos (2), and Chirigos et al. (3),
using the leukemogenic Friend and Rauscher viruses, reported
that increase in spleen weight of recipient hosts was a function
of virus dose. Recently, Hirsch and Harvey (5) reported a
spleen weight assay for titrating the murine sarcoma virus
Harvey. However, the infectivity of murine sarcoma virus
Harvey can be determined by the spleen weight assay only if
newborn mice or rats are used. Since the infectivity of
MSV(PV) can be titrated by a spleen weight assay in adult
mice, where drug treatment is not a limiting factor as it is in
newborn mice, this virus-host system was investigated as a pos
sible in vivo model for evaluating potential antiviral drugs. This
system has been reported to be useful in testing the effec
tiveness of 2 interferon stimulators, pyran copolymer (6) and
the poly nude 0 ti de complex, polyriboinosinic-polyribo
cytidylic acid (7).

In the present study, the 2 selected drugs melphalan and
BCNU were effective in retarding the induced splenomegaly in
treated donors and reducing the recoverable virus titer as
determined by bioassay. The increase in survival time of the
treated animals is a reflection of the overall response achieved
by chemotherapy. Death did not occur in any of the treated
mice until 5 days after all the control animals had died. All
treated animals, however, eventually succumbed with the
MSV(PV)-induced disease. Considering the limited number of
treatments used (6, from Day 10 to 15), and the extent of the
disease occurring by the 10th day, the therapeutic response
achieved was significant. Pratt (8) studied the effect of chemo
therapy against the Moloney sarcoma virus. The drugs tested
were found to be effective in reducing tumor size after 1 week
of therapy. However, in his study 6-day-old mice were used;
thus the amount of drug that could be used was a limiting
factor. In the present study, adult mice were used to evaluate
the therapeutic effect of 2 drugs and the amount of drug used
did not result in any appreciable body weight loss, indicative
ofthelackoftoxicityatthedosesused.

The spleens of mice infected with a l02 dilution of
MSV(PV) contain numerous foci or macrotumors 14 days
postinfection. The somewhat limited response of infected mice
to therapy may be attributed to the inability of the drug to
inhibit completely viral replication and/or the formation of
the virus-induced macrotumors.

Studies are currently in progress to assess the effect of
initiating drug therapy at different times after virus inocu
lation: early, when viremia is detectable 3 days after infection;
and late, when spleen foci can be quantitatively enumerated
10 to 14 days after infection. Results of such studies will be of
value in elucidating the antiviral or antitumor activity of
selected drugs.
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Chart 3. Mean log spleen weight in control and drug-treated donor
mice inoculated with MSV(PV) and recipient mice (5 in each group)
inoculated with donor plasma; normal uninoculated mice servedas con
trols for normal spleen weight.

Table 3
Effect ofdrug treatment on survivaltime and viremiain mice

infected with MSV(PV)

a Mice inoculated i.p. with 0.2 ml of 10@ virus dilution.
b Treatment started 10 days after virus inoculation and given daily

for6days(Days10to15).
C The amount of recoverable virus (log) from the 15-day control and

drug-treated donor animals estimated by comparing the mean log spleen
weight of recipient mice sacrificed at 21 days after subinoculation to
the standard curve.

DISCUSSION

The present studies show that the highly tumorigenic
variant of the murine sarcoma virus (Moloney) designated
MSV(PV) induces a very early and rapid viremia and a pro
gressive splenomegaly. Extracellular virus was detected in
plasma as early as 3 days after i.p. inoculation, reaching a high
titer by the 5th day.

Significant splenomegaly was not evident until the 5th to
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