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that the leukemic virus was transmitted 
through the milk of nursing females; the lat- 
ter, however, had leukemia at  least part of 
the time they were nursing. I t  remains to be 
determined whether healthy, but virus-car- 
rying, females could also transmit the virus 
in their milk. 5 .  Under our experimental 
conditions, foster-nursing by heal thy C3H 
females of offspring born to virus-injected 
C3H mothers, reduced the incidence, but did 
not entirely prevent, the development of leu- 
kemia. 
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The presence of a specific humoral factor 
stimulating erythropoiesis (erythropoietin, 
erythropoiesis stimulating factor, ESF) has 
been confirmed and measured by a num- 
ber of bioassay technics( 1 ) .  These have 
usually involved suppression of erythro- 
poiesis in the assay animal by hypophy- 
sectomy, starvation, dehydration or in- 
duced polycythemia( 1,2). Transfusion-in- 
duced polycythemia has the advantages 
that it is more physiologic than other 
means and that suppression can be main- 
tained indefinitely. Jacobson et al. (3) have 
used reticulocyte response in the transfused 
mouse as a semi-quantitative assay technic. 
In an effort to find a sensitive assay system 
for ESF requiring small amounts of test ma- 
terial, we have investigated the erythropoie- 
tic response of the transfused polycythemic 
mouse to injections of ESF-rich serum as 
measured by the incorporation of i r o P  into 
the blood and spleen, a normal hematopoietic 
organ in the mouse. 

Methods. Female NIH strain mice weigh- 
ing 18-22 g were injected intraperitoneally on 
Day 1 with 0.7 ml of an 80% suspension of 
homologous red blood cells which had been 
collected in acid citrate-dextrose solution and 
concentrated by centrifugation. On Day 3 
they were injected with a further 0.4-0.8 ml 
of 80% RBC suspension and distributed into 
groups of 8 animals. Each animal was in- 
jected subcutaneously with 0.5 ml doses of 
test material on Day 3 and Day 4. Saline 
dilutions of the serum of a patient with aplas- 
tic anemia were used as stimulus for dose- 
and time-response data. This serum was 
found by comparison with a distributed 
standard* to contain 12 cobalt units of ESF 
as defined by Schlueter et aL(4) per ml. Ani- 
mals injected with normal saline were the 
negative controls . 

On day 5 ,  0.5 pc of Fe59 citrate in 0.1 ml 
of normal saline was injected intraperitone- 
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* Distributed by Hematology Study Section, Divi- 
sion of Research Grants, Nat. Inst. Health. 
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w TOTAL DOSE OF ERYTHROPOIETIN IN COBALT UNITS 

FIG. 1. Response of the polycythemic mouse to 
graded doses of erythropoietin as measured by in- 
corporation of Few into the spleen at intervals 
after inj. of the isotope. Each point represents the 
mean of 8 animals. Broken lines (---) represent 
means of unstimulated controls. Solid lines repre- 
sent dose-response curves calculated by the least 
squares method. 

FIG. 2. Response of the polycythemic mouse to 
graded doses of erythropoietin as measured by in- 
corporation of F P  into the peripheral blood at in- 
tervals after inj. of the isotope. Each point repse- 
sents the mean of 8 animals. Broken lines (---) 
represent means of unstimulated controls. Solid 
lines represent dose-response curves calculated by 
the least squares method. 

ally with a microliter syringe. At specific 
time intervals ranging from 4 to 120 hours, 
the animals were killed by decapitation and 
bled into tared bottles which were reweighed 
to determine the amount of blood. Duplicate 
microhematocrits were determined for each 
animal. Spleens were removed, weighed on 
a torsion balance, and placed in vials for 
counting. The percent of injected radioac- 
tivity present in blood, plasma, and spleens 
was determined using a well-type scintillation 
counter with a single channel spectrometer. 
The data from those animals whose hema- 
tocrits were below 5270 at time of bleeding 
were eliminated, s i k e  the percent incorpora- 
tion of Fe5g into the peripheral RBC and 
spleen of saline injected mice was seen to in- 
crease markedly when th6 liematocrit was 
below this. 

The starved rat assay used was a modifica- 
’ tion of that of Fried et al.( 5 ) .  The rats were 

” ,  

starved on day 1 and injected subcutaneously 
with 2.0 ml of test material on Day 2 and Day 
3 respectively. On Day 4, 1 pc of Fe59 cit- 
rate was injected intraperitoneally, and blood 
was removed 16 hours later by cardiac punc- 
ture. The radioactivity due to Fe59 and the 
percent incorporation into peripheral RBC 
was calculated using a diluted standard and 
assuming that total blood volume was 5% of 
body weight. 

Results and discussion. Metabolism of 
iron59. The time course of incorporation of 
Fe59 into a hematopoietic organ, the spleen., 
and into the peripheral blood of transfused 
polycythemic mice which were injected with 
saline or graded amounts of ESF is shown in 
Fig. 1 and 2. These represent dose-response 
curves at  intervals after injection of the ra- 
dioiron. Incorporation of Fe5g into either 
blood or spleen was maximal when 2.4 cobalt 
units were given. 

The Fe59 incorporated into the spleens of 
the saline injected animals remained between 
0.7 and 1.270 of the administered doses 
throughout the studies. There was rapid up- 
take of Fe59 into the spleen of the ESF in- 
jected animals reaching a peak of 10.5% in 
the maximally stimulated animals a t  8 hours 
after administration of the isotope. Radio- 
activity in the spleen of the ESF-stimulated 
animals decreased progressively from that 
time. This decrease was coincident with the 
appearance of labelled cells in the circulating 
blood. 

Four and 8 hours after injection of Fe59, 
4.5% of the administered dose was in 1 ml 
of peripheral blood of saline injected animals. 
A11 of this activity-was contained in the se- 
rum. After 8 hours, the radioactivity re- 
maining in the blood rapidly fell as the serum 
was cleared of Fe50. By 48 and 120 hours, 
only 0.15-0.2070 of administered radioactiv- 
ity was present per ml of blood. The major- 
ity of the Fe59 was present in the RBC and 
represents the result of erythropoiesis which 
continues at  a very much reduced rate even 
when the physiologic stimulus is removed by 
transfusion( 3) .  

By 8 hours, there was a significantly 
greater incorporation of Fe59 into the circu- 
lating red cells of mice given 2.4 cobalt units 
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TABLE I. Clisracteristics of Polycytheinic Mouse and Starved Rat Assays. 

Dose-rcsponsc l i i i c  

Hr after Coefficiciit of : Minimal detectable Index of 
Assay inj. of Fez* Correlation Regression dose (in cobalt units) * precision” 

Transfusion poly- 4 

splecii 16 

Traiisfusion poly- 4 
cytliciiiic inouse 8 

cythemic mouse 8 

48 
120 

blood 16 
48 

120 
Starved rat blood 16 

- 
.949 
8 9 9  
- 
- 
- 
- 

.840 
,982 

.990 

- 

1.28 
1.19 
1.05 
- 
- 
- 
- 

1.i6 
6.60 
5.21 
1.18 

Between .24 a;d 2.4 
’) 2 4  $0 
” .24 ” .60 
” .24 ” 2.4 
” .24 ’’ 2.4 

Xone detectable 
2.4 
Between .24 and .GO 
Less than .03 
’’ ” .24 

Between .96 and 2.4 

- 
2 5 2  
.630 - 
- 
- 
- 
.693 
.364 
,288 

3.96 

* See test. 

of ESF than of the saline injected animals. 
The amount of radioactivity in the blood of 
the stimulated animals progressively in- 
creased reaching a maximum at  48 hours after 
injection of the isotope. 

Comparison of assays. The studies of the 
metabolism of FeT9 in the transfused polycy- 
t hemic mouse suggested that radioiron incor- 
poration into the blood and spleen of these 
animals might be used in quantitation of ESF 
in biologic materials. Dose-response meas- 
urements in the transfused polycythemic 
mouse at intervals after injection of the iso- 
tope and in the starved rat are characterized 
in Table I by 4 parameters: 1) the coef- 
ficient of correlation of the dose-response line 
derived by the least squares method consid- 
ering the means of each group of 8 animals 
as a single point; 2) the coefficient of regres- 
sion of the dose-response line (the slope of 
that line); 3 )  the minimal detectable dose of 
ESF, defined as the smallest dose tested 
which caused incorporation of FeZ9 in stimu- 
lated animals greater than the incorporation 
of unstimulated controls so that the p value 
of the standard difference of the means of 
each group was less than 0.01; 4) the index 
of precision, defined by Gaddum(6) as the 
ratio of slope to variance; the lower the value 
of this index, the more precise the assay. 

The incorporation of FeSg into the blood of 
polycythemic mice killed 4 or 8 hours after 
injection of the isotope cannot be used in 
measurement of ESF since an insufficient 
amount of FeSg is incorporated into peripheral 
RBC’s to permit differentiation of stimulated 

from unstimulated animals (Fig. 2 ) .  Since 
no greater incorporation of FeS9 into the 
blood in stimulated mice or greater decrease 
in blood radioactivity in the unstimulated 
animals was seen at 120 hours as compared 
to 48 hours, and since the added time neces- 
sitated a third injection of blood to maintain 
sufficient polycythemia, the 120-hour blood 
assay was not investigated further. The 48- 
hour blood assay is superior to the 16-hour 
blood assay since it has much greater sensi- 
tivity as judged by the smaller minimal de- 
tectable dose and greater coefficient of re- 
gression. 

Among those assays using the splenic in- 
corporation of FeS9 as the measurement of 
erythropoiesis, those in which the animals are 
killed 48 and 120 hours after injection of the 
isotope are insensitive since the amount of 
radioiron present in the spleen of the stimu- 
lated animals has been reduced by release of 
labelled cells into the peripheral blood. The 
4-hour splenic assay is not optimal since in- 
sufficient splenic incorporation of FeED has 
taken place in the stimulated animals (Fig. 
1). The minimal detectable dose of the 8- 
hour and the 16-hour splenic assays is the 
same but the coefficient of correlation, coef- 
ficient of regression and the index of preci- 
sion are better for the 8-hour splenic assay 
as compared to the 16-hour splenic assay. 

The 48-hour assay using Fe59 incorporation 
into the blood is for most purposes the best 
technic for determination of ESF using the 
polycythemic mouse. It is the most sensitive 
assay both in terms of minimal detectable 
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dose and in increase in incorporation of iron 
per unit of stimulating material. However, 
in certain instances, the shorter time between 
injection of the isotope and sacrifice of the 
animals in the &hour splenic assay may be 
advantageous. 

Uptake of iron59 into peripheral RBC's in 
the starved rat is directly proportional to the 
injected dose of ESF in the range between 2.4 
and 48 cobalt units. 

The minimal amount of ESF needed to in- 
crease significantly FeSD incorporation above 
saline controls in this assay is 80 times that 
needed in the 48-hour blood assay using the 
polycythemic mouse. The greater sensitivity 
of the &hour mouse blood assay is also seen 
in the greater coefficient of regression of the 
dose-response curve. This heightened sensi- 
tivity is of most importance when the test 
material is limited in activity or amount. The 
upper limit of the linear portion of the dose- 
response curve in the 48-hour mouse blood as- 
say is 2.4 cobalt units which coincides with 
the minimal detectable dose of the starved rat 
assay. These 2 assays are thus complemen- 
tary and the rat asay, which does not require 
laborious preparation of the assay animal, 
may be used more conveniently when very ac- 
tive material is to be assayed. 

Summary. Incorporation of Fe5D with 
blood and spleen of transfused polycythemic 
mice at  various intervals has been used to 
find sensitive assay systems for erythropoie- 
tin. Transfusion polycythemia markedly re- 
duces erythropoiesis as judged by low levels 
of Fe59 uptake into the spleen and into the 
blood after 16 hours. In polycythemic mice 
receiving injections of erythropoietin, incor- 
poration of FeS9 is maximal in the spleen at 
8 hours and in the blood at  48 hours after in- 
jection of the isotope. Incorporation of Fe50 
into the blood of the polycythemic mouse 48 
hours after giving the isotope was found to 
be the most sensitive assay when compared 
to the starved rat assay and other polycy- 
themic mouse assays. 
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Phosphorylase activity in several organs 
and tissues is altered by various hormones. 
Epinephrine and glucagon cause a rapid in- 
crease in liver phosphorylase activity under 
in vivo and in vitro conditions (1,2,3). AC?"H 
specifically increases adrenal phosphorylase 
but has no effect on enzyme activity in other 
tissues (4). Skeletal and cardiac muscle 
phosphorylases are subject to hormonal influ- 
ence, epinephrine producing a rise in activity 
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of both enzymes, whereas glucagon has 
greater effect on cardiac muscle phosphory- 
lase ( 5,6) .  Adrenal cortical hormones are 
known to stimulate liver phosphorylase( 7,8) 
although effects of these hormones on the en- 
zyme have not been thoroughly investigated. 
The time required for phosphorylase activity 
to rise after corticosteroid administration and 
the duration of increased enzyme activity 
have not been established. Furthermore, it 
is not known whether continued hormone ad- 
ministration will have greater effect on liver 


