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in the mouse and the hamster is not accounted 
for by absence of antigen in the mouse tumors 
because most contained antigen as determined 
by reactivity with positive hamster sera. 
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Effect of Pituitary and Gonadal Hormones on Friend Virus 
Disease in Mice.* (31922) 
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Friend Virus Disease (FVD) as descrilbed by 
Mirand et aZ(1)  is associated with malignant 
reticulum cell proliferation, a pronounced hy- 
pervolemic polycythemia, and progressive 
hepatosplenomegaly. Although the precise role 
of an endogenous erythropoietic stimulating 
factor (ESF) in this disease has not been 
determined fully, exogenous ESF greatly ac- 
celerates the erythropoietic response induced 
by this viral inlfection(2). The effect of 
chemotherapeutic agents on the disease has 
been studied(3,4,5) , but little attention has 
been given to the effect of hormones. Ery- 
thropoliesis was found to be stimulated by 
androgens (6,7) and adrenal corticosteroids 
(8) , depressed 'by estrogens (6,9). A mecha- 
nism for the depression of erythropoiesis by 
estrogens in normal and plethoric rodents has 
been suggested recently( 10). The present 
study reports the effect of several hormones 
on the erythropoietic response in Friend Virus 
Disease. 

Materials and methods. HaJICR Swiss 
female weanling mice, weighing 24-26 g, were 
inoculated intraperitoneally with a standard 
0.2 ml inoculum of a 101% cell-free spleen 

*This study wa6 supported in part by grants from 
USPHS (AI-04506, CA-08847 and CA-07745) and 
Jlolhn A. Hartford Founldaticm, Inc. 

homogenate filtrate obtained from Friend 
virus-infected mice. Methods for preparing 
the splenic homogenates have been described 
previously ( 1 ) . 

Milce were divided into groups of 6 mice 
per group. Drug-treated groups received the 
hormones subcutaneously once or three times 
a week for 2 weeks prior to infection with 
FVD. Drugs then were injected once or three 
times a week fa'r four consecutive weeks. At 
weekly intervals, the per cent 24-hour Fe59 
uptake in blood, liver, spleen, and femur was 
measured following intravenous administra- 
tilon of the isotope( 1 ) .  The following meas- 
urements also were made weekly: hematocrit, 
body weight, spleen weight, and liver weight. 
Mice receiving no drug or virus (Table I) , 
the drug alone or only the virus inoculum 
comprised the control groups. Mice were 
maintained in a 24OC temperature-controlled 
environment on a diet of Derwood-Morris 
mouse chow and water ad libitum. 

The following hormones were administered : 
(a)  adrenocorticotropic hormone (ACTH) 
I.M., 38 mgJkg in saline 3 timesjweek. The 
potency of ACTH is expressed in milligrams. 
An arbitrary standard has been selected (Lot. 
No. LA-1-A) and all preparations are assayed 
in terms of milligrams of this standard. The 
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TABLE I. Normal Hematocrit, Liver and Spleen Size and 24-Hour FeG9 Uptakes in the Blood, 
Femur, Liver and Spleen of Control Ha/ICR Swiss Mice." 

Weeks Body wt (g)  Heniatocrit (yo) Tiver wt (g)  Spleen wt (g) 
~~ 

1 26 45 1.53 2 .36 .18 & .02 
2 29 43 1.65 t .14 .14 2 .02 

4 32 4G 2.01 2 .24 . I6  2 .03 

(A) 

3 32 45 1.92 & .21 . I 5  & .02 

24-hour Fe50 uptake 
Weeks Blood Femur Tiver Spleen 

1 18.1 & 2.1 .28 5 .03 12.9 5 3.2 1 9 8  r+ .04 
2 19.2 2 1.0 .29 2 .02 11.4 2 1.0 2.03 & .24 
3 22.0 & 2.4 .42 2 .03 9.8 2 1.2 1.89 2 .14 
4 21.8 2 1.2 .GO & .02 10.4 & 1.3 1.96 +- .08 

( R )  

* Values for each week represent average values for 12  female mice, t S.D. 

TART,E T T .  Effect of ACTH, Progesterone, Estradiol, and Tlepo-Testosterone on Hematocrit, Liver and 
Spleen Size in Friend Virus-Infected and Control Mice. 

Trent nient 
Weeks of Body Hematocrit Liver Spleen wt 
treatment wt ( g )  ( 70) wt (g )  ( g )  & S.D. 

ACTH ACTH control 

ACTH + F. V. 

Progesterone Progesterone control 

Progesterone + F. V. 

Es t radio1 Estradiol control 

Estradiol + F. V. 

Depo-testosterone Dcpo-testosterone control 

Depo-testosterone + F. V. 

Control F. V. control 

1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
1 
2 
3 
1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
1 
2 
3 
1 
2 
3 
4 

26 
30 
3 1  
32 
26 
27 
29 
29 
23 
26 
32 
2G 
29 
32 
24 
22 
27 
30 
22 
20 
27 
27 
25 
3 1  
32 
25 
30 
31 
27 
26 
32 
28 

46 
47 
50 
5 1  
44 
60 
74 
84 
45 
50 
48 
45 
6 1  
75 
49 
45 
49 
43 
49 
43 
40 
58 
44 
46 
48 
46 
51  
77 
43 
50 
68 
72 

1.44 
1.84 
1.89 
1.98 
1.62 
2.06 
2.37 
2.11 
1.45 
1.63 
2.06 
1.73 
2.42 
2.65 
1.50 
1.37 
1.93 
2.08 
1.67 
1.83 
1.84 
3.28 
1.41 
1.91 
2.00 
1.73 
2.03 
3.26 
1.52 
2.24 
3.9G 
5.33 

.18 2 .02 

.15 & .02 

.15 2 .03 

.13 2 .03 

.84 & .70 
2.07 f .70 
2.70 & .40 
2.96 k1 .10  
.15 .01 
.14 & . O 1  
.16 r+ .01 
.79 f .60 

1.47 f .40 
3.47 * .04 
.18 -+- .02 
.14 & .01 
.18 t . O 1  
.19 & .03 
.91 & .70 
.58 .58 
.36 t .09 

2.02 2 .80 
.1G & .01 
.15 t .02 
.17 I+ .02 
.98 t .GO 

1.17 2 .20 
2.25 2 .30 
1.05 & .10 
2.20 +- .50 
2.71 t 1 . 4 0  
3.27 t .10 

standard is of such activity that when 2 to of the adrenals method; (b)  depo-estradiol 
4 pg are injected intravenously into hypophy- cyclopentylpropionate in cottonseed oil sub- 
sectomized rats, a significant decrease in cutaneously, 50 mg/kgJweek, unless other- 
ascorbic acid content of the adrenals occurs. wise stated; (c) progesterone benzyl benzoate 
All preparations are assayed on hypophy- in cottonseed oil subcutaneously, 33 mg/kg in 
sectomized rlats by the ascorbic acid depletion saline 3 times/week; and (d) depo-testos- 
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terone cyclopentylpropionate in cottonseed 
oil subcutaneously, 167 mg/kgJweek. An 
equivalent volume of vehicle was given to 
the control animals. 

To determine the transmissibility of Friend 
Virus Disease through the blood of Friend 
virus-infected mice given various doses of 
depo-estradilol, the following procedure was 
carried out. Five six-week-old Ha/ICR Swiss 
female mice were inoculated I.P. with 0.2 
ml of Friend virus and 16.6,33, and 50 mg/kg 
of depo-estradiol was inoculated subcutane- 
ously into the same mice 2 weeks before virus 
injection and weekly thereafter for a maxi- 
mum of 4 weeks. These animals were sacri- 
ficed 24 hours after the last treatment with 
depo-estradiol and 0.2 ml of their bloo’d was 
injected into HaJIlCR Swiss recipients. The 
per cent takes, latent periods, and mortality 
rates of the recipients were followed. 

Results. Table I indicates the normal aver- 
age values of 12 female mice killed weekly. 
Table I1 summarizes the effect of hormone 
treatment on hematocrit, and liver and spleen 
weights in control and Friend virus-infected 
mice. %Changes characteristic of Friend Virus 
Disease seen in the control, infected mice, in- 
cluded a progressive increase in hematocrit 
levels during the experimental period, hepa- 
tomegaly, and splenomegaly. The average 
liver and spleen weights increased almost 2-25 
times respectively. Estradiol was the only 
agent exhibiting inhibitory effects on the 
progress of the Friend disease. The Friend 
virus-induced polycythemia and increased 
liver and spleen weights were prevented by 
the estradiol. The effect was evident during 
the second week of the disease, and continued 
throughout the full course of the disease. The 
data in Table I11 indicate that the prolifera- 
tion of the virus in infected animals was not 
affected by various doses of estrogen. The 
transmissibility of Friend Virus Disease from 
the blood of Friend-infected donor mice given 
various doses of depo-estradiol was similar to 
that observed in the control animals. The 
slight variations in response of mice receiving 
blood from Friend virus-inoculated donors, 
treated with or without estrogen, are not 
regarded as being significant. The per cent 
takes were similar for all groups, as were the 
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TABLE 111. Transmissibility of Friend Virus 
Disease from Blood of Friend Virus-Infected DO- 
nor Mice Given Various Doses of Depo-Estradiol. 

No. of recipient mice show- 
ing Friend Virus Disease 
Day Of sacrifice Of donorst 

(DP)  * 7 14 2 1  28 

Friend VirUS-inOCU- 
lated donors treated 
with depo-estradiol 

Controls 5/5 5/5 5/5 5/5 
16.6 nig/kg IIP 5/5 5/5 4/5 5/5 
33 ” D P  3/5 4/5 5/5 5/5 
50 ” D P  4/5 5/5 5/5 5/5 

* 5-6 -weeks - old Ha/ICR Swiss female mice in- 
oculated I.P. with 0.2 ml of Friend virus. Depo- 
estradiol inoculated into mice weekly 2 wk before 
virus injection and weekly thereafter for a mzxi- 
mum of 4 wk. Animals sacrificed 24 h r  after the 
last treatment with depo-estradiol. 

t Several virus-inoculated estrogen-treated mice 
were sacrificed for inoculation of each recipient. 
0.2 ml of donor blood inoculated I.P. into recipient. 
Period of observation, 180 days. 

latent periods and the mortality rates. 
Progesterone, adrenocorticotropic hormone 

(ACTH) , and testosterone, in the doses used, 
did not influence significantly the hematologic 
and organ changes characterizing the disease. 

Hormonal effect on Fe59 uptake in the 
blood, femur, liver, and spleen of both con- 
trol and Friend virus-infected mice is sum- 
marized in Table IV. As the disease progresses, 
there is a trend toward a decrease in the per 
cent uptake of Fe59 in the organs. Correlation 
coefficients were estimated in an attempt to 
help determine whether any definitive cor- 
relation exists \between organ size and per cent 
radioisotope uptake in that organ. It can be 
seen (Table IV) that, during the course of 
the disease, erythroid elements of the spleen 
are replaced as reflected by the significant 
negative correlation between spleen size and 
per cent Fe5g uptake (-0.84 and -0.98 at  
2 and 3 weeks respectively) in the control 
virus-infected animals. The ACTH-treated 
virus-infected mice demonstrated similar neg- 
ative correlation coefficients at  the second and 
third weeks. No significant correlations were 
noted in the other drug-treated groups. The 
estradiol-treated mice exhibited a greater 
tendency for correlation reversal although 
these correlations were not significant. 

Discussion. Of the hormones studied, only 
estrogen depressed the Friend virus-induced 
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TABLE IV. Effect of ACTH, Progesterone, Estradiol, and Depo-Testosterone on F P  Uptake in  Blood, 
Femur, Liver, and Spleen of Friend Virus-Inf ected and Control Mice. 

Correlation coefficients 
Weeks -% Fe60 uptake (& S.D.)----, Liver Fe50 Spleen Fern 

of treat- uptake uptake 
Treatment meiit Blood Femur Liver Spleen and m t  and wt 

ACTH ACTH 
control 

ACTH + 
F. V. 

Proges- Proges- 
terone terone 

control 
Proges- 

terone + F.V. 

Estradiol Estradiol 
control 

Estradiol 
+F.V. 

Depo-tes- Depo-tes- 
tosterone tosterone 

control 
Depo- tes- 

tosterone + F. V. 

control 
Control F.V.  

1 16.7 f 4.2 
2 15.2 f 4.6 
3 21.0 & 3.3 
4 18.0 f 4.0 
1 14.8 k 4.9 
2 23.8 f 4.3 
3 26.0 f 3.0 
4 18.4 f 2.7 

1 19.5 f 4.5 
2 15.4 & 8.3 
3 23.9 f 9.2 
1 17.9 k12.9 
2 19.7 & 7.7 
3 24.9 f 5.9 

1 14.8 f 1.1 
2 13.3 f 3.9 
3 14.7 f 6.8 
4 19.0 & 7.6 
1 11.7 k 2.8 
2 3.4 k 2.6 
3 17.5 f11.9 
4 15.5 5.8 

1 16.0 k 4.5 
2 21.7 f 4.4 
3 22.6 f 3.1 
1 11.7 f 3.0 
2 21.9 f 6.6 
3 28.1 2 4.9 

1 12.7 & 3.6 
2 17.5 f 3.6 
3 24.9 f 3.8 
4 10.8 & 3.5 

.28 f .03 14.9 f 4.3 11.9 f 2.6 

.34 & .04 10.5 & 2.0 13.7 2 3.4 

.78 f .02 7.9 f 1.3 14.5 f 4.4 

.52 f .01 6.8 k 3 0  13.8 f 5.5 

.30 k .03 14.7 f 5.0 12.7 & 3.5 

.14 2 .04 5.0 f. 1.4 7.1 f 1.9 

.21 & .02 4.0 f .60 6.5 f 1.7 

.14 2 .02 3.2 2 1.1 4.9 f 1.7 

.34 f .02 11.4 k 3.4 16.7 f 3.1 

.43 f .06 12.0 k 4.3 16.0 +- 4.6 

.53 f .05 8.6 f 3.2 17.1 f 7.9 

.33 f .06 11.2 f 4.2 13.0 2 8.0 

.22 f .02 7.4 f 4.4 8.9 k 1.7 

.14 f .00 3.4 & 1.0 3.8 f 1.3 

.53 2 .30 18.7 & 2.2 13.7 f 2.1 

.30 & .07 20.6 & 4.9 17.3 f 5.8 

.28 f .03 18.6 & 5.2 16.7 f 4.4 

.21 & .06 10.5 2 3.9 26.3 r+ 7.0 

.41 f .20 22.2 f 6.1 9.4 2 1.0 

.34 f .01 20.3 5 3.7 15.6 f 9.1 

.23 f .06 17.5 f 8.5 15.7 k 6.2 

.17 f .09 5.2 f 2.1 8.1 k 3.0 

.28 k .06 16.0 2 4.3 12.9 f 3.3 

.30 .09 8.7 2 5.1 17.8 f .70 

.57 f .20 7.4 f 1.2 16.5 & 1.6 

.26 f .03 15.2 & 1.8 11.1 2 2.7 

.18 f .08 7.7 f 1.8 11.2 k 1.3 

.15 r+ . O 1  3.6 2 1.4 5.1 & .60 

.43 +- .02 16.0 f 3.5 8.7 I+ 1.3 

.14 k .10 7.8 f 2.9 7.3 k 2.1 

.22 2 .10 3.2 f .8 4.8 f 3.2 
.18 k .04 3.3 .O 6.1 & .90 

-.66 
-.09 
-. 74 * 
-.91* 
-81" 
+.02 
-.97* 
-.49 

+ 3 4  
-.92* 
-.SO* 
-.36 
-.33 
-.18 

-34" 
-.43 
-.36 
-.95* 
-.69 
-.56 + .26 
-.54 

+ .33 
+.06 
-.79* 
-.00 
+.06 
-.84* 

-.12 
-.77* 
-.93* 
- 

+.66 
+.26 
-38" 
+.21 
-.13 
-.87* 
-.76* 
-.63 

+.21 
-.07 
+.51 
-.70 + .24 
-.65 

-.55 
+.12 
-.lo 
-.41 
-.42 + .24 
-.27 
-.05 

-.32 
+.14 
-.33 
-.95* 
+.04 
-.27 

+.62 
-34" 
-.98* 

* Indicates correlation coefficient is significantly different from zero a t  5v0 level. 

reticulum cell proliferation and polycythemia. 
Noted was the decreased hematocrit, the de- 
crease in Fe59 uptake by the erythroid organs, 
and the reduction in hepatosplenomegaly. The 
erythroid proliferative character of the disease 
thus appeared to be checked. Progesterone, 
ACTH, and testosterone did not alter the 
progress of the disease. 

In  light of recent studies on the mechanism 
of estrogen action on erythro'pietin and 
erythropoiesis ( 110,ll) , it is unlikely that the 
inhibitory effect of estrogen is mediated by 
action on the invading virus. The data in 
Table I11 substantiate this since various doses 
of depo-estradiol had no effect on the trans- 
missibility of Friend Virus Disease. Rather, 

the erythropoietic depression is due probably 
to estrogen inhibition of response of target 
cells for the virus and/or cells involved in 
ESF production. 

I t  has $been suggested that estrogens pos- 
sibly inhibit the production of a precursor 
substance from the liver required for renal 
activation or production of ESF. This indirect 
mechanism has been proposed because es- 
trogen exerts its erythropoietic inhibitory ac- 
tion on nephrectomized as well as intact mice. 
Estrogens have been reported to depress 
protein metabolism by the liver ( 1 2  ) . 

Androgens and adenohypophyseal hor- 
mones did not affect erythropoiesis in Friend 
virus-infected mice. In normal and plethoric 
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rodents, androgens had an augmenting ac- 
tion on erythropoiesis ( 10). This action re- 
quired the presence of the kidneys, suggesting 
a renal mechanism, although direct action of 
testosterone on erythrogenic tissue grown in 
tissue culture has been reported(l3). It is 
possiible that a lack of an enhancing effect by 
androgens on erythropoiesis in Friend virus- 
infected mice may be due to a dose response. 

Summary. The effect of pituitary and 
gonadal hormones on Friend Virus Disease in 
mice has been studied. Estradiol inhibited the 
virus-induced hypervolemic polycythemia, 
hepatomegaly, and splenlomegaly . The effect 
was most evident during the second week 
following injection. Progesterone, adrenocor- 
ticotropic hormone, and testosterone did not 
influence significantly the hematologic and 
organ changes characterizing the disease. A 
possible mechanism of action of estrogen-in- 
duced suppressions of erythropoiesis in this 
disease is discussed. 
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An Immunofluorescent and Histopathological Study of Respiratory 
Syncytial (RS) Virus Encephalitis in Suckling Mice."+ (31923) 

JOSEPH J. CAVALLARO,~ HUNEIN F. MAASSAB, AND GERALD D. ABRAMS 
(Introduced by Tholmas Francis, Jr.) 
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In  our initial investigation of the adaptation 
of the Long strain of respiratory syncytial 

~~~ 
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virus( 1) to newborn mice, we reported that 
the mouse-passed RS virus could not be pas- 
sed intracerebrally in mice 3 to 4 weeks of 
age ( 2  ) . Subsequently, the susceptibility of 
suckling mice of different ages was examined 
periodically during the serial intracerebra1 
passages. The present investigation indicates 
that the neuropathic strain of RS virus may 
be propagated in 7- and 9-day-old mice, and 
describes the application of histologic, virus 
assay and direct immunofluorescent staining 
techniques to the study of the pathogenesis 
of the infection produced in suckling mice by 
the neuropathic strain of RS virus, 




