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terial, presumably “fibrinoid,” is necessary
for the accumulation of carbon particles in
the glomerular capillaries during the develop-
ment of the GSR clearly indicates that par-
ticle retention is the primary result of ad-
herence rather than altered capillary perme-
ability or vasodynamic changes.

By outlining the usually inconspicuous
early “fibrinoid” deposits, carbon particle re-
tention in the glomerular tuft is a useful
parameter of the initial stages of “fibrinoid”
formation in the GSR. Separate evaluation
of the mechanisms of particle retention at
other sites will be necessary since differences
in vascular architecture and function may
result in variations in the method of particle
capture.

Summary. During the development of the
generalized Shwartzman reaction elicited by
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colchicine in the pregnant Syrian hamster,
intravenously administered carbon particles
are trapped in the renal glomeruli. The car-
bon particles are attached to underlying de-
posits of an amorphous material within the
glomerular capillaries. It is concluded that
this material is responsible for the capture
of circulating carbon particles.
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Effect of Host Weight Loss on Friend Leukemia Virus Infections in
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To evaluate potential antiviral agents prop-
erly, particularly those used against onco-
genic viruses, it is important to consider all
possible factors which may influence the re-
sults of experiments with these agents. A
primary criterion for evaluation of these
drugs is to determine the inhibition of the
virus-induced tumor. The effect of host
weight loss on such a neoplasm could there-
fore be of considerable importance, especially
when nonlethal drug toxicity can result in
decreased food consumption and subsequent
host weight loss or failure of the host to
gain weight. Weight loss induced by caloric
restriction has been shown to cause inhibi-
tion of growth of many experimentally in-
duced and spontaneous tumors(1).

Among the known oncogenic viruses, the
leukemia virus of Friend (FLV) has been
used recently for several drug evaluation

* Supported by CCNSC, NCI, NIH Contract PH-
43-63-68.

studies(2,3,4). One advantage of using this
virus in chemotherapy experiments is that it
induces a marked, reproducible splenomegaly
in Swiss, DBA/2, and BALB/c mice follow-
ing a latent period of less than one week(5,6).
Because of this early onset of overt disease
symptoms and the repeated use of the virus
in chemotherapy experiments, FLV was
chosen for the present studies of host weight
loss effects.

This report presents quantitative studies
on the effects of caloric restriction and re-
sultant host weight change on the develop-
ment of splenomegaly induced by FLV. In
addition, the effect of host weight change on
the amount of virus detectable in the spleens
and plasma of FLV-infected mice has been
studied. The anti-FLV activity of 2 com-
pounds, porfiromycin and 1-methyl-1-nitroso-
urea, was evaluated using the conclusions
drawn from these studies.

Materials and methods. DBA/2 and
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BALB/c mice were obtained from Roscoe B.-
Jackson Memorial Laboratory, Bar Harbor,
Maine. Random-bred Swiss mice were .ob-
tained from Southern Animal Farm, Pratt-
ville, Ala. All animals were 6 to 8 weeks old,
of a single sex, and weighed 18-21 g at time
of virus inoculation. Friend virus (spleen
filtrate from the 154th passage in Swiss mice)
was obtained from Dr, H. Christine Reilly,
Sloan-Kettering Inst., Rye, N. Y. It was
passed S times through Swiss mice in our
laboratory prior to use. Stock virus was pre-
pared by homogenizing spleens in a sucrose-
buffer solution(9) to make a 10%, weight-to-
volume, suspension. This homogenate was
centrifuged at 2000 rpm in an International
clinical centrifuge for 10 minutes and the
supernate passed through sterile Selas 03
.candle filters. The filtrate was stored in
sealed ampules at ce —70°C until use.

To determine the effect of host weight loss
on FLV infections, 50 mice of each strain
were inoculated intraperitoneally (i.p.) with
0.2 ml of spleen filtrate containing approxi-
mately 10* Swiss mouse I1Dg of virus. The
animals were then randomly distributed into
groups of 10 mice each. Each mouse was
weighed, caged separately, and given an ac-
curately weighed amount of powdered Purina
laboratory chow daily, according to group.
Each succeeding day any remaining food was
discarded and replaced with a newly weighed
amount. The following food allowances were
given: ad libitum, 5.0, 4.0, 3.0, or 2.0 g per
mouse per day.

The mice were observed daily, and on the
14th day after virus inoculation all were
" again weighed and the weight changes re-
corded. The animals were sacrificed and the
spleen from each was removed and weighed.
A portion of the plasma from each animal
was aseptically removed also. The approxi-
mate virus titers of the spleens and heparin-
ized plasma were determined by splenomegaly
assay in indicator Swiss mice inoculated i.p.
with serial log;o dilutions of the Selas 03 fil-
tered material.

As controls for these studies, normal, un-
infected mice of each sttain were held for 14
days on the same diets as the virus-infected
mice. Spleens and plasma of these control

WeIcHT Loss EFrFECcTs oN FLV

animals were then collected and bioassayed
for virus as described above. An average
spleen weight of 140 mg was obtained from
indicator mice inoculated with spleen or
plasma filtrates from these animals.

The average host body weight change for
each group of mice was determined by sub-
tracting average original weight from average
final weight. A host body weight change dif-
ference was then calculated by subtracting
average host body weight change of animals
fed a restricted diet from average weight
change of mice allowed to feed ad libitum.
If an inhibition of splenomegaly occurred in
association with body weight loss, the per-
cent of this inhibition per gram of host
weight difference was determined by dividing
the percent of inhibition by the host weight
difference. An average splenomegaly inhibi-
tion per gram of host weight difference was
obtained from the latter data.

Results and discussion. Three experiments
were carried out with each strain of mice.
The results of these studies in Swiss, DBA/2,
and BALB/c mice are summarized in Tables
I-I1I.

Loss of body weight in Swiss mice had a
marked effect on FLV-induced splenomegaly.
Virus-infected mice fed 2 g of food per day
had spleens of normal (uninfected) size. In
this strain of mice the average splenomegaly
inhibition per gram of host weight difference
was 13.6% (Table I). The amount of demon-
strable virus in the spleens and plasma of
these animals varied, but no relationship was
observed between body weight change and
virus titer nor between average spleen weight
and virus titer. These results, in regard to
Swiss mouse splenic tissue and virus yield,
differ with those reported by Rowe and
Brodsky(7), but, as pointed out by these in- .
vestigators, the virus yield from FLV-in-
fected spleens could only be a function of
mean log spleen weight if no marked physio-
logical changes occur in the mouse.

Similarly, splenomegaly induced by FLV
in DBA/2 mice was depressed by concomi-
tant body weight loss. The average spleno-
megaly inhibition per gram of host weight
difference was ca. 12.4% (Table II). The
titers of virus recoverable from plasma and
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TABLE I. Effects of Caloric Restriction on Friend TLeukemia Virus-Induced Splénomegaly and Infee-
tivity of Spleens and Plasma in Swiss Mice.

% Spleno-
. —Host body wt change* (g)—— —Spleen wt— megaly in-
Food hibition
allowance Difference % of  yer g host —Virus titert—
(g/mouse (ad ib- Avg adlib weight Mor-
Exp /day) Avg Range restricted) (mg) controls difference tality Spleen Plasma
1 Aad lib +44 15,4105 834 0/10 — =
5.0 +2.1 -1.5, 47.0 2.3 696 84 7 0/10 — —_—
4.0 +14 -2.0, 43.0 3.0 681 82 6 0/10 —_ —
3.0 -20 -35, - 5 6.4 228 27 11 0/10 — —_—
2.0 -49 -6.0, -3.0 93 181 22 8 1/10 — —
2 Ad lib +2.7 - —-.5, +65 861 1/10 10t - 10
5.0 - .2 =3.0, 42.0 2.9 827 96 1 1/10 10 102
4.0 -1.3 4.0, 0 40 565 66 9 0/10 10+ 10t
3.0 -4.0 -6.0, —1.0 6.7 384 45 8 0/10 10 102
2.0 -45 -6.0, -3.0 7.2 188 22 11 2/10 10~ 10
3 Ad lib +2.6 -1.5, 45.0 934 0/10 10+ 10+
5.0 +1.0 -3.0, 44.0 1.6 720 77 14 0/10 102 10-®
4.0 - .1 -4.0, 423 2.7 724 77 9 0/10 10— 103
3.0 -27 -6.2, - 5 5.3 354 38 12 2/10 10-3 103
2.0 -46 -62, -25 72 131 14 12 1/10 10+ 10
Avg — 13.6
S. E t = +20

" * Host body weight change — the difference in host weight on day of virus inoculation and day of sae-
rifice,

t Virus titer is expressed as the maximum dilution of Selas 03-filtered spleen suspension or plasma that
will induce an average spleen weight of 400 mg in indicator Swiss Mice.

} S.E. — Standard error as determined by ? test.

TABLE II. Effects of Calorie Restriction on Friend Leukemia Virus-Indueced Splenomegaly and Infec-
tivity of Spleens and Plasma in DBA /2 Mice,

% Spleno-
~—Host body wt change* (g)— —Spleen wt— megaly in-
Food hibition
allowance Difference % of  per g host —Virus titert—
(g/mouse (adlib- Avg adlib weight Mor-
Exp /day) Avg Range restricted) (mg) controls difference tality Spleen Plasma
1 Ad Uib - 4 -8.0, 4+3.0 1301 0/10 108 102
5.0 + .6 -2.0,42.0 -1.0 1699 130 — 0/10 10 10
4.0 -2.6 -35,+ .5 2.2 1384 106 — 0/10 10 103
3.0 —-2.2 -6.0, —-1.0 1.8 678 52 27 0/10 10 102
2.0 -48 -55,-40 44 129 10 20 0/10 102 10
2 Adlib 439 +3.0,+6.0 851 : 0/10 10 10
5.0 +2.6 +4-2.0,43.0 1.3 673 79 16 0/10 10 10—
4.0 +1.3 0.0, 4-4.0 2.6 653 77 9 0/10 102 10—
3.0 -1.9 - 3.5, .0 5.8 408 48 9 0/10 102 10-°
2.0 - 4.8 -7.0, =3.0 8.7 157 18 9 0/10 10+ 10-3
3 Ad b +2.7 + .5,44.0 825 0/10 10 10-8
5.0 +1.3 -1.0,43.0 14 666 81 14 0/10 10— 10-®
4.0 - .2 -2.0,425 2.9 440 53 16 0/10 102 10-®
3.0 -24 -3.5, -1.0 5.1 155 19 16 0/10 1073 10—
2.0 -45 -45,-10 7.2 40 5 13 0/10 10-® 10
Avg = 124
S.E}l = +24

-* Host body weight change — the difference in host weight on day of virus inoculation and day of sac-
rifice.
t Virus titer is expressed as the maximum dilution of Selas 03-filtered spleen suspension or plasma that
will induce an average spleen weight of 400 mg in indicator Swiss mice.
t S.E. = Standard error as determined by ? test.
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FIG. 1. Log probability plot of caloric restriction-induced host weight change difference
vs splenomegaly inhibition. Friend leukemia virus in Swiss mice. Computer-analyzed line of
best fit.

FIG. 2. Log probability plot of caloric restriction-induced host weight change difference
vs splenomegaly inhibition. Friend leukemia virus in DBA/2 mice. Computer-analyzed line of
best fit.
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TABLE III. Effects of Caloric Restriction on Friend Leukemia Virus-Induced Splenomegaly and Infec-
tivity of Spleens and Plasma in BALB/c Mice.

% Spleno-
~—Host body wt change* (g)— —Spleen wt— megaly in-
Food hibition
allowance Difference % of  per g host —Virus titert—
(g/mouse (adlib- Avg .adlib weight Mor- :
Exp /day) Avg Range restricted) (mg) controls difference tality Spleen Plasma
1 Adlb 416 - .5,+85 1038 0/10 0= 10°
5.0 + .7 -15,43.0 .9 849 82 20 0/10 10 10-®
4.0 - .7 -2.5, 4+2.0 2.3 732 70 13 0/10 10® 10—
3.0 -4.3 -6.5, — 1.5 5.9 372 36 11 0/10 10 10
2.0 -75 -9.5,-55 9.1 101 10 10 4/10 102 10
2 Ad lib +2.0 25,440 349 0/10 10 10~
5.0 + .2 -2.3, +1.3 1.8 238 68 18 0/10 10— 10-®
4.0 -1.7 -—4.0,4+1.0 3.7 296 85 4 0/10 10 10~
3.0 -4.5 -7.0, -1.5 6.5 97 28 11 2/10 10 10~
2.0 — —_ — — 10/10 — —
3 Ad lib +2.5 .0, -+5.0 161 0/10 102 102
5.0 + .8 .0, +3.0 1.7 116 72 16 0/10 10 10-*
4.0 -3 -20,415 2.8 105 65 13 0/10 102 10-*
3.0 -41 -7.0,-15 6.6 72 45 8 0/10 10~ 10
2.0 -73 -9.5, -3.5 9.8 36 22 8 6/10 — —
Avg = 12,0
S.E.f = +1.6

* Host body weight change — the difference in host weight on day of virus inoculation and day of sae-

rifice.

.t Virus titer is expressed as the maximum dilution of Selas 03-filtered spleen suspension or plasma that
will induce an average spleen weight of 400 mg in indicator Swiss mice.

} 8.E. — Standard error as determined by ¢ test.

splenic tissue varied from 10! to 10—% but
loss of body or spleen weight had no apparent
effect on these virus concentrations.

The results of studies with BALB/c mice
were equivocal because marked splenomegaly
could not be induced by FLV in 2 out of 3
experiments. These mice were inoculated
with FLV at the same time as the DBA/2
mice previously described, so it is probable
that sufficient virus was injected to induce
splenomegaly. Relatively high virus titers
were recovered from spleens and plasma of
these animals, and the titers were unaffected
by loss of body or spleen weight. Conflicting
results have been reported concerning the
relative susceptibility of BALB/c mice to
FLV. Friend(5,8) reported these mice to be
resistant to infection with this virus, while

Fieldsteel (6,9) found this strain of mice to
be equally, if not slightly more, susceptible
than Swiss mice to the virus. All the BALB/c
mice employed in the present studies were
obtained from the same source but at differ-
ent times. :

In all experiments with BALB/c mice, los
of host weight also resulted in loss of spleen
weight, with approximately a 12% spleno-
megaly inhibition per gram of host weight
loss (Table III). -

The caloric restriction-induced host weight
change effects on splenomegaly are summa-
rized in Fig. 1-3 for Swiss, DBA/2, and
BALB/c mice. These data are presented as
log probability plots of host weight difference
vs splenomegaly inhibition, with a maximum
likelihood line of best fit determined on a

FIG. 3. Log probability plot of calorie restriction-induced host weight change difference
vs splenomegaly inhibition. Friend leukemia virus in BALB/c¢ mice. Computer-analyzed line

of best fit.

FIG. 4. A test of drug specificity. Comparison of ecaloric restriction-induced and drug-
induced host weight change and associated splenomegaly inhibition in Swiss mice. Computer-
analyzed line of best fit. A — 1-Methyl-1-nitrosourea-induced host weight change and spleno-
megaly inhibition; B — Caloric restriction-induced host weight change and splenomegaly in-
hibition (from Fig. 1); C = Porfiromyecin-induced host weight change and splenomegaly in-

hibition.
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TABLE IV. Comparison of Effect of Porfiromycin and 1-Methyl-1-Nitrosourea upon Friend
Leukemia Virus Infections in Swiss Mice.

Avg host
body wt Spleno- 9% Reduction of}
change Avg % of virus megaly —mM8M—
Dosage Mor- (g) spleen control inhibition Plasma Spleen
Conipound (mg/kg/day)* tality C-T- wt(mg) spleenwt Pt virus  virus
Porfiromyein 8.0 0/10 5.5 48 5 <.01 62 84
4.0 0/10 .6 96 10 <.01 60 80
2.0 0/10 1.6 304 33 <.01 2 32
1.0 0/10 - 4 393 43 <.05 30 19
0§ 1/20 918
1-Methyl-1- 24.0 8/10 12.3 18 2 <.01 0 0
nitrosourea 12.0 1/10 5.6 313 47 <.05 0 0
6.0 1/10 4.2 931 140 —_ 0 0
3.0 0/10 1.8 1304 196 — 0 0
0 § 1/20 667

* Treatment i.p. qd 1-9.

t P — Probability that splenomegaly inhibition was due to chance. Determined by t test.
} Virus in plasma and spleen determined by 21-day splenomegaly in indicator Swiss mice in-

oculated with the material.
§ Virus econtrols.

programmed Royal McBee LGP30 computer.
This plot provides a standard of spleno-
megaly inhibition for each increment of host
weight difference. Laster et a/(10) indicated
that such a plot would be helpful in evaluat-
ing the possibility that a given agent was
providing no specific tumor inhibition beyond
that associated with “nonlethal” toxicity. To
aid in this evaluation, the host weight change
difference resulting from therapy was plotted
against tumor inhibition, and a comparison
was made of this plot to the caloric restric-
tion for the same strain of mice.

To determine if this simple test of drug
specificity would apply to the Friend virus-
induced splenomegaly system, 2 drugs, por-
firomycin and 1-methyl-1-nitrosourea, which
have been studied in chemotherapy experi-
ments with this virus, were compared. Exam-
ples of the chemotherapy data for these com-
pounds are shown in Table IV. In several
studies both compounds significantly inhi-
bited FLV-induced splenomegaly in Swiss
mice, but further study showed that only por-
firomycin reduced the amount of detectable
virus in the plasma and spleens of these ani-
mals. The host weight change differences
from 2 experiments with each compound were
plotted against splenomegaly inhibition, and
these plots were compared to the previously
described caloric restriction-induced spleno-
megaly inhibition plot for Swiss mice. These

plots are shown in Fig. 4. It can be seen that
porfiromycin inhibits FLV-induced spleno-
megaly, and this inhibition is separate from
the effects of host inanition due to caloric re-
striction. The effects of 1-methyl-1-nitroso-
urea, however, could not be dissociated from
splenomegaly inhibition caused by caloric re-
striction-induced host weight change.
Summary. Caloric restriction studies in
Swiss, DBA/2, and BALB/c mice infected
with Friend leukemia virus (FLV) have in-
dicated that loss of host weight can markedly
affect the extent of virus-induced splenomega-
ly, but does not noticeably affect the titer of
recoverable virus in plasma or spleens from
these animals. It was concluded that host
weight change is important and should be
considered when using FLV-induced spleno-
megaly in chemotherapy trials. The effect on
FLV-induced splenomegaly of 2 compounds,
porfiromycin and  1-methyl-1-nitrosourea,
were evaluated in the light of these findings.
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Cardiac Phosphorylase in Different Species and after Reserpine
Administration.* (30399)
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Several species of animals have been used
in studies of cardiac phosphorylase activity
(1), and there appears to be some difference
in enzyme activity from one species to an-
other. In addition, differences in activity of
phosphorylase within the various layers of the
heart have been demonstrated. For example,
Jedeikin(2) has shown that phosphorylase
activity increased progressively from the epi-
cardium to the endocardium in dog and rab-
bit hearts.

The present investigation is concerned with
the phosphorylase activity in hearts from 3
species, i.e., rabbit, rat and frog. The studies
also include measurements of the enzyme in
the ventricles and atria from the 3 species as
well as studies of the effect of reserpine ad-
ministration on ventricular and atrial phos-
phorylase.

Methods. The animals were male New Zea-
land white rabbits (1.8-2.0 kg), male albino
rats of the Wistar strain (200-250 g) and
male and female frogs (Rana pipiens, 30-50
g).

Rats and rabbits were killed by a blow on
the head and frogs were pithed. After open-
ing the thorax, the heart was quickly re-
moved, cooled in an empty beaker kept in
crushed ice. Portions of tissue were dissected

* Supported by grants from Am. Heart Assn. and
Nat. Heart Inst. (HE-01813).

t The data presented in this paper are taken from
a thesis submitted by N. S. Dhalla in partial fulfill-
ment of the requirements for the degree of Master
of Science in Pharmacology.

} This work was done during the tenure of an
Established Investigatorship of Am. Heart Assn.

as described below, weighed on a torsion bal-
ance and extracts prepared immediately by
grinding the tissue in ice-cold mortars con-
taining a solution of 0.001 M EDTANa,-0.02
M NaF (3 ml/100 mg tissue wet weight). In
the experiments with rabbit hearts and with
some of the rat hearts, the left and right atria
and the middle portions of the left and right
ventricles were used for phosphorylase assay;
in other experiments with rat hearts (Table
III), enzyme. activity was determined in the
whole atria and the apical portions of the
ventricle. When frog hearts were used, the
atrium was separated from the ventricles and
each of these portions extracted for enzyme
assay. When reserpine was administered, the
drug was given in a single intraperitoneal in-
jection, unless otherwise indicated, at doses
of 2.5 or 5.0 mg/kg. The animals were sacri-
ficed at stated intervals following drug ad-
ministration.

Phosphorylase determination. Heart ex-
tracts were centrifuged in the cold room and
the supernatant fluid was further diluted 3
times with EDTA-NaF solution so that the
final concentration of tissue was 6.54 mg/ml,
The extracts were kept in an ice bath and
analyzed for enzyme activity within 4 hours
of their preparation.

Phosphorylase activity was determined in
the direction of glycogen synthesis (glucose-
1-P + glycogen,, = Pi + glycogeny.1))
according to the method of Cori and Illing-
worth(3) as follows: 0.5 ml extract (3.27 pg
tissue) was incubated at 30° for 5 minutes
with 0.5 ml substrate mixture and the forma-



