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predniisone-treated non-obese subjects than in 
untreated non-obese or obese subjects. The 
mean post-infusion IRI concentration was 
only 190% of the mean value during infusion 
(comparable values of 291 and 374% in the 
untreated non-dbese and obese subjects re- 
spectively). 

Blood glucose values for the 3 groups of 
experimental subjects are shown in Table I. 
The comparable fall in blood glucose in 
non-obese and obese subjects despite hyper- 
insulinism in the latter underscores the role 
of insulin resistance in obesity. 

Szcmmary. Obesity is characterized by fast- 
ing hyperinsulinism and elevated IRI con- 
centrations during and following an epineph- 
rine infusion. Supmssim of plasma IRI  
by epinephrine is normal in obese, nondia- 
betic subjects. The concept of sluggish alpha 

receptors cannot be invoked as a cause of the 
hyperinsulinism of obesity. 
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Interferon and Murine Leukemia. - IV. Futher Studies on the 
Efficacy of Interferon Preparations Administered after Inoculation of 
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It has been reported previously that con- 
tinued interferon treatment initiated 48 hours 
after inoculation of Friend virus inhibited the 
development of splenomegaly in Swiss mice 
( 1 ) .  Although an increased number of “Friend 
cells” may be present in the spleen a t  this 
time (48 hours), significant splenic enlar- 
gement is not obsmved(2,3). It was con- 
sidered of interest therefore to determine the 
effect of interferon on the evolution of Friend 
disease when treetmlent was initiated at an 
even later stage. Thus, in one of the e x p i -  
ments reported herein, interferon treatment 
was begun one week after viral inoculation, 
at a time when splenomegdy had already 
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developed in m a t  mice. In addition, we 
present the results of investigations pertaining 
to the mechanism and specificity of inter- 
feron action in Friend disease. These studies 
include histologic examinations of the spleens 
of interferon treated and untreated mice, as- 
says of several of these spleens for infective 
virus, and the determination of the efficacy 
of a highly purified preparation Olf interferon. 

Methods and materials. The techniques 
employed in the assay of Friend virus; the 
preparation af conlcentrated crude mouse 
(brain interferon and its assay have been pre- 
viously dmribed in detzil(4). They may be 
summarized briefly as follows: 4- to 6-week- 
old Swiss mice were inoculated intraperh- 
neally (i.p,) with a 10-15% extract of Friend 
leukemic spleen and sacrificed 2-4 weeks later. 
Spleen weights provided criteria for infec- 
tion and extent of disease( 5 ) .  Interferon was 
extracted from the brains of mice infected 
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with West Nile virus(6,7), concentrated 10- 
fold(4), and assayed by standard plaque 
reduMion techniques utilizing monolayer cul- 
tures of mouse embryo fibroblasts or L cells 
inoculated with 50-100 p.f.u. od vesicular 
stomatitis virus (VSV). 

Preparation of highly purified mouse brain 
interferon(8). Mouse brain interferon(6,7) 
was maintained at pH 2 for 18 hours and 
the pH was then raised to 5.9. 3 volumes 
wf interferon were mixed for 16-19 hours 
(4OC with ag i ta~on)  with 1 volume of gel 
CM Sephadex C50 (.01 M phosphate buffer 
pH 5.9). Afiter filtering and washing several 
times with .01 M phosphate buffer pH 6.0, 
interferon was extracted from the resin by 
washing first with 0.1 M phosphate buffer 
at pH 7.3 and sulbsequently 3 times with 0.1 
M phosphate buffer at pH 9.0. By these tech- 
niques 70430% of the activity of the initial 
interferon preparation was recovered. P r e p  
arations of purified interferon were then con- 
centrated 10-20-fold by pressure dialysis. 

Histologic techniques. Spleens were fixed 
in buffered isotonic 10%  aqueous formalin. 
Histologic sections were stained with a modi- 
fied May-Grunwald-Gimsa which empha- 
sized the cytoplasmic ikmphilia of the 
“Friend cells” (3 ) . 

Results. Eflect of interferon preparations 
administered subcutaneotcsly. Treatment ini- 
tiated prior to vitd inoculation. In  previous 
experiments the development of ascites in 
mice inoculated i.p. with concentrarted inter- 
feron preparations for several weeks pre- 
vented continuation of interferon treatment 
(4). It was desirable therefore to deter- 
mine whether the subcutaneous route af in- 
oculation might dm prove effective. Accord- 
ingly, a concentrated interferon prepration 
( 1 : 34,000/2 ml) was inoculated subcutane- 
ously 24 and 4 hours prim to viral inocu- 
lahion and twice daily therafter for the 
1-month duration OF the experiment. 

As can be seen from Table I subcutaneous 
interferon treatment inhi’bited the develop- 
ment of splenmegaly in Friend viral infected 
mice to a significant degree (p = <.OOl). 
It was of interest to note that the mean 
spleen weight of mice inoculated with nm- 
ma1 mouse brain extract was greater than 

Table I 
LLTLTECT Or YWU ORNN INTULTUON ADMINISTERED SUBCUTANEOUSLY ON DEVELOPMENT 

g~ W P L E N O ~ A L Y  IN rmtm DILWASZ or swiss MICE 

2.25 .Ol 2.86 ! .Ob : 3.01 ! 05 : 2.41 ! . 0 2  

Swiss mice 6 week old female, sacrificed 1 month after 
inoculation of virus. 

(*) Virus, 10% extract of leukemic spleen, 0.2 ml i.p. 
(200 SD,). 

(*) Treatment with either normal brain extract or brain 
interferon was initiated 24 and 4 hours prior to inocula- 
tion of Friend virus and continued twice daily thereafter 
until termination of the experiment. Treatment consisted 
of twice daily injections of 0.2 ml subcutaneously. 
(a Titer of interferon employed 1 :34,000/2 ml. 
g.m. spleen wgt: geometric mean spleen weight. 
m 2 se: geometric mean in logarithms & standard error. 

that of untrwted viral infected mice. This 
represented !the sole instance in our experi- 
ments to date of a signdicant difference be- 
tween the 2 viral control groups(l,4,9). 

Treatment initiated after viral inocutation. 
3 groups of Swiss mice were inoculated sub- 
cutaneously with concentrated mouse brain 
interferon (titer: 1:37,OOO/2 ml). In the 
1st group, interferon was inoculated 24 hours 
after viral inoculation and twice daily there- 
after thruout the 27 days of the experiment. 
In a 2nd group interferon w&s inoculated 
24 hours after viral inoculation and twice 
daily for the ensuing 6 clays. These mice 
were subsequently kept without treatment 
for the remainder of the experiment. In  a 
3rd group, interferon treatment was initiated 
I week after viral inoculation and treatment 
was continued twice daily for the next 3 
weeks of the experiment. At the time inter- 
feron treatment was initiated in this group 
(7th day) 13 of the 22  mice (59%) had 
enlarged spleens as determined by abdominal 
palpation.§ In contrast only 5 of 24 mice 
(21%) in each of the first 2 groups of mice 

4 Another group of 16 untreated mice was samificed 
at this time (7 days) to coniirm the presence d 
splenmegaly. The mean spleen weight of these 
mice was 356 mg as oocrmpared (to 210 mg for un- 
infected mice in Ithis exprime*. 
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treated with interferon had palpable spleens 
at this time. 

When the mice were sacrificed 27 days 
after viral inoculation, i t  was apparent (Table 
11) that interferon treatment initiated either 

I I I I I I I 
Swiss mice, 5- and 6-week-old female, sacrificed 27  days 

after inoculation of virus. 
0) Virus, 10% extract of leukemic spleen, 0.2 ml i.p. 
@)Treatment in various groups as follows: Normal mou8e 

brain: Treatment initiated 24  hours after inoculation of 
virus and continued (0.3 ml subcutaneously) twice daily 
for 27 days. Interferon: Days +1 to +27:  treatment in- 
itiated 24  hours after inoculation of virus and continued 
(0.3 ml subcutaneously) twiae daily for 27  days. Days + 1 to + 7 : treatment initiated 24  hours after inoculation 
of virus and continued (0.3 ml subcutaneously) twice 
daily for the next 6 days. Thereafter mice received no 
treatment. Days +7 to +27:  treatment initiated 7 days 
after inoculation of virus and continued (0.3 ml subcu- 
taneously) twice daily for the next 20 days. 

fS) Titer of interferon employed 1 :37,000/2 ml. 
g.m. spleen wgt: geometric mean spleen weight. 
m & se : geometric mean in logarithms +_ standard error. 

1 or 7 days after viral inoculation and con- 
tinued daily thereafter was equally effective 
in retarding splenolmegaly when compared ,to 
the 2 viral control groups ( p  = <.MU). Al- 
though l week of interferon treatment ini- 
tially inhi;bited splenomegaly, as judged by 
abdominal palption, it did not alter the 
ultimate splenomegalic response when those 
mice were left untreated for the ensuing 3 
Weeks. 

Presence of infective virus in the spleens of 
mice treated with normal brain extract or in- 
terferon. At the termination of the experiment 
summarized in Table I, 3 moderately enlarged 
spleens and the 2 smallest spleens of mice 
treated with norma1 brain extract were as- 
sayed indaividually for infeclive Friend virus. 
Significant amounts of virus were recovered 
from the 3 enlarged spleens, but not from the 
2 small spleens7 (Table 111). 

7 As previously noted(4), 10-15% of Fiend 
viral infected Swiss mice in our experiments do not 
develop signifimt splenmegady. Moreovar on histo- 

Table ID 

MONTH nm NORMAL MAIN I ~ T  on WUSI BRAIN m w  

Titered in 4-6 week old Swiss mice and expressed as 
spleen dose, (SD,). Spleen weights above 300 mg were 
considered as indicative of disease. 

The 3 largest spleens and 2 smaller spleens 
from the interferon treated group of mice were 
also assayed individually for their content of 
i n f d v e  virus. Only small amounts of virus 
were recovered from each spleen (Table 111). 
Thus viral infected mice treated with inter- 
feron h4ad smaller spleens than untreated mice, 
and less virus was recovered from small 
spkens than from large spleem (this was so 
far both groups). 

Histology of the spleens of viral infected 
mice treated with kterjeron. At the termi- 
nation of the experiment summarized in Table 
I, splenic imprints and histologic sections of 
the spleem of all mice were examined. 

The “Friend cell”( 10) is a large cell with 
deeply basophilic cytoplasm considered to 
be similar to a proerythroblast(3). This type 
of cell was occasionally abserved singly or 
in small clumps in erythropoietic foci in the 
spleens of uninfected control mice (Fig. 1). In 
Friend viral infected untreated mice numerous 
large foci oi Friend cells were observed thm- 
out the splenic red pulp. It was apparent that 
in some instances these foci had merged since 
large areas of the red pulp were replaced by 
sheets of these cells (Fig. 2 ) .  In contrast, the 
number and size of the foci of F r i d  cells 
were markedly reduced in the spleens of in- 
terferon treated mice, and these fo& were 
discrete leaving most of the red pulp intact 
(Fig. 3) .  Numerous cells at different  stag^ 
of erythroid maturation were nsted in close 

logic examination cxf .the spleen only a few foci cd 
Friend celrls are observed. It was not unexpated 
therefore ,that little or no infective virus was re- 
covered from the bwo smadl spleens. 
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FIG. 1. Splenic red pulp sf uninoculated Swiss 
mouse. Note large cell with hyperbasophilic cy to- 
plasm (A) and focus erytthrcrpoiesis (B). M = 
focus of megakaryocyte maturation (modified May- 
Griinwald G i e m  stain-oil immersion). 

FIG. 2. Spleen of Swiss mouse 1 month adter 
inoculaJtion of Friend virus. Note red pulp almost 
entirely replaced by large hyperbasophil cells 
characteristic od Friend disease. C = Connective 
tissue. M = megakaryscyte. (modified May-Grun- 
wald Giensa stain-oil immersion). 

FIG. 3. Spleen of Swiss mouse 1 month after inoc- 
ulation of Friend virus. 'Ikeated with interferon. Note 
2 small foci of large hyperbasocphiil cells (A), 
surrounded by a zone of erythrapoietic maturation 
(B) , aomposed essentially of basophdic normoblasts, 
(modified May-Griinwald Giemsa stain-oil im- 
mersion). 

association with these foci of Friend cells 
in the spleens of mice treated with interferon 
(Fig. 3 ) .  These areas of erythroid maturation 
were more extensive than in the spleens of 
untreated viral infected mice (see also 11). 

Further evidence that the inhibitory efiects 
were attributable to  interferon. Since various 
biologic effects observed with crude interferon 
preparations have often not been observed 
with relatively purified interferon preparations 
(12), i t  was considered of interest to deter- 
mine a) whether crude interferon preparations 
were toxic for mice or induced alterations 
which might prove responsible for inhibition 
of splenomegaly, and b) whether highly pu- 
rified preparations of interferon would in fact 
inhibit splenomegdy. 

Absence of toxicity. Twelve 6-week-old 
female Swiss mice were inoculated subcuta- 
neously twice daily with 0.2 ml of ccmcen- 
trated interferon (titer : 1:50,000/2 ml) and 
12 mice were inoculated with 0.2 ml of con- 
centrated normal mouse brain extract. 12 mice 
were kept as uninoculated control animals. 
Total body weight was determined weekly for 
each muse.  Mice were sacrificed at  17 and 
24 days. 

No significant difference was observed be- 
tween the total body weight or the weights of 
the spleen, liver, left kidney and heart orf mice 
in the 3 groups. Furthermore there was no 
significant difference in peripheral blood 
leucwyte count, reticulocyte count or hema- 
t w i t .  No abnormalities were observed on 
Kitologic examination of the liver and spleen 
of these mice. 

Efficacy of highly purified interferon. Fig. 4 

ao 

FIG. 4. Ultraviolet spectraphotometric absorp- 
tion of crude and highly ,punifid interderon. 
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illustrates the marked difference in the ultra- 
violet spectrophotometric ahrpticm between 
a highly purified concentrated interferon 
preparation (methods and materials), and the 
standard crude concentrated interferon prep- 
aration. The vird inhibitory titers of the 2 
interferons however were comparable (purified 
interferon 1:24,000,/2 ml; 37,8 units inter- 
feron/l pg protein:crude interferon 1 :34,000/ 
2 ml; 5 units interferon/l pg protein). 

To compare the effect of these interferon 
Iyrepanations in Friend disease mice were in- 
oculated intmperitomlly, 24 and 4 hwrs 
prior to viral inoculation and twice daily for 
7 days thereafter by this route. For the en- 
suing 9 days mke were Enoculatd sub- 
cutanmusly twice daily. 
When mice were sacrificed 16 days after 

viral inoculation it was apparent (Table IV) 

Table Ip 
EFFECT OF CRUDE AND HIGHLY PURIFIED MOUSE L I R N N  INTERFERON ON DEYELDPMENT 

OF SPLENOMECALI IN FRIEND DISEASE OF SWISS MICE 

Swiss mice 5-week-old male, sacrificed 16 days after in- 
oculation of virus. 
a) Virus, 10% extract of leukemic spleen, 0.2 ml, i.p. 
(2) Treatment with either normal mouse brain extract or 

mouse brain interferons initiated 24 and 4 hours prior to 
inoculation of Friend virus and continued twice daily (0.2 
ml) intraperitoneally for seven days and subcutaneously 
for the ensuing 9 days. 

(8) Titer of crude interferon 1 :32,000/2 ml. 
(*) Titer of purified interferon 1 :24,000/2 ml. 
(5)  Spleen weight: geometric mean spleen weight. 

m & se: geometric mean in logarithms 2 standard er- 
ror. 

that highly purified and crude i n t e r f m  were 
equally effective in retarding splenomegaly 
(P = .05 compared to viral controls). 

R e p ~ n t a t i v e  spleens of mice that had 
been treated with either purified normal 
m u s e  ha in  or purified mouse brain interferon 
were assayed individually for their content af 
infective Virus. 3 spleens (170 rng, 960 mg 
and 1250 mg) from mice isnoculated with nor- 
mal brain extract were assayed and the viral 
titers (per 0.2 ml of a 10% extract) were 64 

SDBo, 640 SD50 and 100 SDso respectively. 
3 spleens (120 mg, 190 mg, 780 mg) of dce 
inoculated with purified interferon were also 
assayed and the viral titers obtained were 
2 SDs0, 1 SD50 and 400 SD50 respectively. 
Thus, as in the experiments with crude inter- 
feron outlined above (Table 111) less Friend 
virus was recovmed from the spleens of mice 
treated with purified interferon than from 
the spleens of mice treated with purified nor- 
mal mouse brain. 

Discussion. Previous experiments demon- 
strated the necessity of continuing interferon 
treatment after viral inoculation in order to 
inhibit the development of splenomegaly in 
Friend disease(4,9). Pretreatment of mice 
with interferon was not essential, since ini- 
tiation of interferon treatment 48 hours after 
viral inoculation proved effective( 1). The ex- 
periments reported herein confirmed and ex- 
tended these observations. Initiation of in- 
terferon treatment even 1 week after viral 
inoculation, a t  a time when splenic enlarge 
ment had already developed in most mice, 
still exerted a significant inhibitory effect on 
the further development of splmomegaly. In- 
terferon treatment for only the 1st week after 
vilral inoculartion was inadequate. 

I t  was apparent from histologic exami- 
nation, that splenic size was related to the 
extent of Friend cell involvement. Them were 
large foci of Friend cells in the spleens of un- 
treated mice and the red pulp was often com- 
pletely replaced by sheets of these cells. In 
compariscm, foci of Friend cells were reduced 
bath in size and in number in the spleens of 
interferon treated mice. Likewise the amount 
of Friend virus recovered per unit wight of 
spleen apmred roughly prorportional to 
splenic size and the extent af Friend cell in- 
volvement. Thus, virus was easily recoveTed 
from several large spleens of mice inoculated 
with normal mouse brain, whereas the small 
spleens of interferon treated mice and the oc- 
casional small spleens of untreated mice con- 
tained only small amounts of infective virus. 
It seems reasonable to suggest that tlhese 
findings were causally related, i.e., fewer foci 
of Friend cells were present in the spleens of 
interferon treated mice because continued in- 
terferon treatment inhibited viral multipli- 
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cation. I t  was not unexpected, therefore, that fective as a crude interferon preparation of 
only continued interferon administration 
proved effective in OUT experiments. Interferon 
treatment for only a few day3 after viral in- 
oculation ultimately p r o d  ineffective since 
viral multiplication probably ensued un- 
checked when interferon was withheld with 
the resulting development orf splenomegaly. 

If this interpretation is valid it suggests 
that in Friend disease viral multiplication 
thruout the course of the disease is responsible 
a t  least in part far the progressive increase in 
the number of malignant cells. In this respect 
Friend &isease appears to differ from several 
other oncogenic virus-animal host systems in 
which cellular transformation although related 
to the initial viral dose does not seem to 
dkpend on continued multiplication of in- 
fectious virus (13). This apprent differace 
between these 2 systems seem of some im- 
portance to us, since the evolution wf d h  
malignant processes may also depend in part 
on cuntinu-ed viral multiplicaition and may 
therefore be attenuated or retarded by con- 
tinued antiviral therapy. 

It has been reported that Friend and 
Rauscher diseases are influenced by numerous 
factors : hmones (  14,15) ; blood tm.nsfusion 
(14) ; erythropietin( 16) ; a variety of 
chemical compunds( 17) ; clam extracts ( 18) ; 
statdon(l9) and host weigh’t loss(20). Thus 
it was possible that inhihition of splenomegaly 
in Friend disease by interferon was due to a 
factor(s) ather than interferon in the crude 
preparations or was mediated by a me!cha.nism 
as yet undetmined. Several observations, 
previously summarized (4,2 1 ) had suggested 
that interferon itself was mpns ib le  fw 
these inhibitory effects. Further evidence for 
this assumption however stemmed from the 
experiments presented here: a )  There was no 
indication Ithat concentrated crude interferon 
inoculated subcutaneously was toxic for mice 
or induced any ahanges which might have 
been responsible for the inhibition of 
splenmnegaly, b) A highly purified prepam- 
tion of mouse brain interferon was as d- 

I1 It shouki be emphasized that a direct &ion of 
interferon on the prodiferation d viral infected 
transformed cells has nat been excluded. This 
pr,abIem is currently being investigaked. 

equivalent titer. Although this “highly purified 
interferon” was still chemically impure, its 
specific activity per microgram of protein was 
comparable to the “purified interferons” 
reported by others( 22,23). I t  seems reasonable 
to us therefore to attribute the inhibitory erf- 
fects in our experiments to interferon. 

Summary. Daily subcutaneous administra- 
tion of concentrated preparations of crude or 
highly purified mouse brain interferon in- 
hibited the multiplication of Friend virus and 
the development of splenomgdy in Swiss 
mice. Initiation of a continued intderon 
treatment 1 week after viral inoculation, a t  a 
time when splenic enlargemeat had already 
developed, still exerted a significant inhibitory 
effect on further development of splenomegaly. 
Interferon administration for only the 1st 
week after viral infection was ultimately in- 
effective. On histologic examination, far fewer 
foci of Friend cells were observed in the 
spleens of interferon treated mice than in the 
spleens of untreated mice. I t  was suggested 
that the inhibition of splenomegaly observed 
after repea’ted interferon administration was 
due to a continued inhibition of viral multi- 
plication. Further evidence was presented 
that interferon itself was responsible for the 
inhibitory effects observed. 
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Uptake and Utilization of 2-Phosphoenolpyruvate (PEP) by 
Malignant Cells. (32573) 

M. GUMINSKA* AND J. KIELER 
The Fibiger Laboratory, t 

Although various carbohydrates are taken 
up by cells after a preliminary phwphorylatioln 
in the d l  -brarue( l,2), the latter is 
usually mnsidmxl impermeable to phosphab 
esters(l,3), and it is generally thought that 
only the presence of phosplhatasles in the 
m m ( 4 )  makes the uptake of p b -  
phmylated compounds possible. 

During our studies of the metabolism of 
cancer cells the question arose whether intact 
neoplastic cells are able to take u p  and 
metablize 2-phosphwnalpyruvte (PEP) 
added to the medium. PEP is a direct prec 
cursor of pyruvate (PA) in the Embden- 
Meyerhof glycolytic pathway. It holds a key 
position in carbohydrate metabolism at a 
branching pint, where glycolysis is mupled to 
the citric acid cycle(5), and it deserves, 
therefore, the attention of the experimmtal 
oncologist. The punpose 04 the present wovk 
was to ducidate the question whether irntact 
maligmnrt cells are able to take up and utilize 
2 -phosphoenolpyruvat e . 

Material and methods. The cells studied in 
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the present investigation were the following: 
1. A near-diploid line of the Ehrlich’s 

ascites tumor (ELD), which was carried in 
inbred mice of the StA and the DBA 2 st&. 

2. Y d d a ’ s  ascites t m m  camid in inbred 
WiStaJ rats. 

3. Earle’s strain L-929 fibroblasts prqm 
gated in vitro in a medim (Fig. 1 it) mm- 
posed af 20 per cent horse serum, and 80 per 
cent Tymde’s mlution fortified with yeast ex- 
tract to yield a final concentration df 50 mg%. 
The final glucose concentration was 5 mM. 
Penicillin and Streptomycin were added at 
concentrations of 250 i.u. and 2 5  m k m  
grams per ml respectively. The medium was 
changed 3 times weekly, and each titme the 
cultures were gassed with a mixture mtaining 
5 per cent CG, 20 per cent 0 2 ,  and 75 per 
m t  N2. Cultures selected fbr biolcheanid 
studies received new medium 24 hours before 
the experiment. The cells were mnwed me&- 
anidly from the culture flasks without the 
use of trypsin. 

Extensive studies to be reported elsewhere 
showed that although the L929 fibmbladts do 
not produce any t m s  in adult anitnds they 
cause progressive itnd metastasizing tumor 
growth in newbarn CSH mice. Thus, they 


