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TABLE I. Siinultaneous Inulin and B, Clearances in 10 Subjects by Iiiclividunl Periods at 
Plasma Levels of 12-26 m,.g B,,/ml. 
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tration rate. 3. No relation of renal clear- 
ance of B12 with advancing age was noted ex- 
cept for that resulting from the gradual reduc- 
tion in glomerular filtration rate with age. 
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Partial Purification of Erythropoietin by Alcoholic Fraction. (26584) 
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A number of methois for concentration of normal animals(1). The method to be de- 
the erythrocyte stimulating factor or erythro- scribed utilized simple fractionation proce- 
poietin in the plasma of anemic rabbits have dures and all assays were performed on nor- 
been devised. Chemical methods of varying mal adult albino rats. A preliminary report 
complexities have been employed and assays was made in 1958(2). 
have been performed on both normal and ab- Methods. Production of anemia. Adult 
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male New Zealand rabbits 2-3 Kg were in- 
jected s . ~ .  daily with 0.5 to 1.0 ml of a 2.5% 
solution of phenylhydrazine. Since the most 
active plasmas were obtained from animals 
with hematocrit values of 10-12% from 5-7 
days after start of injections. it was neces- 
sary to measure the hematocrit values of the 
rabbits daily to obtain nix4mal erythropoi- 
etic titers. Blood was drawn by cardiac 
puncture, heparinized, centrifuged and the 
plasma frozen until used. Apparently he- 
parin did not interfere. since similar activity 
was found in serum. 

Normal male albino rats ((’arworth 
Farms) weighing 180 to 200 g were used in 
all assays. Hematocrit values of tail blood 
were measured using Van Allen tubes and 
reticulocyte percentages were estimated by 
counting 1000 cells after staining with New 
Jlethylene Blue. 

Approximately 0.3 mc of (as FeC.1.: 
in 0.3 ml) was injected into the saphenous 
vein of the rat 24 hours after the plasma 
fraction or saline as control had been given 
by i.p. injection. Eighteen hours after Fee)!’ 
injection, 0.1 ml of blood was obtained from 
the tail, cells were separated, washed in sa- 
line and counted in a scintillation counter. 
Iron uptake values were expressed as per cent 
of total iron administered. In al! Fe”v up- 
take studies, at least 4 rats were used in each 
group. 

Alcohol jractionation. Plasma obtained 
from anemic rabbits was adjusted to pH 5.5. 
boiled for 15 minutes and filtered as described 
by Borsook( 3) .  The opalescent filtrate was 
adjusted to pH 7.3 and ethanol added to 60% 
by volume. The alcohol was added slowly 
with stirring and temperature was maintained 
at  25°C.  After standing 60 minutes. the 
white flocculent precipitate was easily sepa- 
rated by centrifugation and discarded, 
Ethanol was added to the supernatant to 
80% concentration. The resultant 60-80*?, 
ethanol precipitate was separated by centri- 
fugation after 30 minutes and was quite ac- 
tive. It was further purified by dissolving in 
water, adjusting to pH 5.5 and xdding ethanol 
co 50% concentration. The precipitate was 
removed by centrifugation and discarded. 

Ethanol was added to the supernatant to 
achieve a concentration of 8070. This active 
SO-SO% precipitate was separated by centri- 
fugation after 30 minutes standing. By nar- 
rowing the alcohol range to 70 to 7570, for 
example, it was possible to achieve a greater 
degree of purity although a considerable loss 
of substance was experienced. For injection, 
all fractions were dissolved or suspended in 
salirie up to a volume equivalent to that of 
the original plasma filtrate and injection vol- 
umes were maintained constant. 

j’arious organs obtained from anemic rab- 
bits were prepared for assay by grinding 
with an equal volume of saline, adjusting to 
pH 5.5,  boiling for 15 minutes and filtering. 
The filtrate was neutralized and injected into 
rats as were the plasma fractions. 

Results.  Rats were injected S.C. 6 days a 
week for 4 weeks with 1 ml of the plasma fil- 
trate obtained from anemic rabbits, 0-60% 
ethanol precipitate, 6040% ethanol precipi- 
tate or saline (Fig. 1 ) .  In the groups re- 
ceiving the plasma filtrate and the 60-800/0 
precipitate significant increases in both reti- 
culocytes and hematocrit values occurred. 
No significant changes appeared in the groups 
receiving either saline (ir 0-60% ethanol pre- 
cipitate. When rats were injected S.C. 6 days 
a week with the untreated plasma from ane- 
mic rabbits, no increase in hematocrit was 
noted and death occurred in a few weeks. 
The reaction is probably immunologic and 
has been noted by Borsook(3) and Gordon 
(4). 

A single i.p. injection of 4 ml of various 
active plasma fractions 24 hours before Fe59 
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TABLE I. 

Fractions of 70 FeG9 Amt of solids in 
anemic rabbit plasma uptake fraction in.i. (mq) 

- Control (saline) 33 
Raw plasma 42 280.0 
Boiled plaania filtrate 46 58.0 

70-7570 ” , p H  7.3 44 .08 

G0-S070 ethanol, pII 7.3 46 1.76 
50-8070 ” , pH 5.5 47 .I 6 

injection produced a 30-40% increase in 
Fe59 uptake by circulating red blood cells 
(Table I ) .  Degree of concentration achieved 
by these relatively simple fractionation pro- 
cedures is indicated by the reduction in sol- 
ids of the various fractions (Table I ) .  
Greater purification could be achieved by 
narrowing the alcohol fractions, but results 
were not easily reproducible. 

Table I1 lists 30 tissues, organs or body 
fluids from anemic rabbits which were tested 
for erythropoietic stimulating activity. Con- 
sistent, positive results were not obtained 
from any of these sources even though the 
plasmas obtained from the same animals were 
active. This finding confirms the work of 
Gordon et a/ .(  5 ) .  

Despite the crude nature of all fractions, 
certain properties of the stimulating material 
could be established. It is water soluble, re- 
sists boiling for 15 minutes and is insoluble 
in 100% alcohol or acetone. I t  will not dia- 
lyze and can not be ultrafiltered across an 
alundum candie coated with 10% parlodion. 

TAB1,E I I. Sources Tested for Eryt,l~royoieti~l Ac- 
tivity. 

Bone marrow Skin Thyroid 
Spleeii Bone Aclreiial 
Brain Erptli roc y tes Testis 
Kidney 1,eucocy t es Ovary 
liver Embryo [Trine 
Skeletal muscle Thymus Bile 
Stomach Iqmph gland l,ymph 
Intestine Salivary ” Aqueous humor 
Lung M~niniarp ” Milk 
Panrreas Pi ti] i t a ry Feces 

I t  is active when administered by the usual 
parenteral route but inactive by mouth. 

Discussion. Ethanol fractionation of the 
boiled filtrate provided a simple and repro- 
ducible means of partial purification of the 
erythropoietic . stimulating principle. Con- 
centration of activity on a weight basis 
amounted to 3000 fold. An indication of the 
lack of purity is obtained by comparison of 
Tiselius electrophoretic migration patterns 
of the 50-800/, ethanol precipitates obtained 
from normal rabbits and those obtained from 
anemic animals. Although the material from 
normal rabbits was inactive, the electro- 
phoretic patterns were indistinguishable. 

The use of chromatography columns com- 
posed of hydroxyapetite, celite or DEAE cel- 
lulose as a means of fractionation was inef- 
ficient in our hands. The procedures were 
elaborate and although some purification was 
achieved? a large amount of the active ma- 
terial was lost. 

Szmmary. The erythropoietic stimulating 
principle present in the filtrate of plasma ob- 
tained from anemic rabbits was partially 
purified by ethanol fractionation. This ma- 
terial was active in increasing Fe5!) intake of 
normal rats and in producing a reticulocy- 
tosis and hematocrit elevation in repeatedly 
injected normal rats. FeZ9 uptake was stim- 
ulated by as little as 0.08 mg of the fraction 
representing a concentration of 3,000 fold 
over that occurring in the plasma. 
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