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In  1962 Schooley and Garcia (1) first 
showed that serum from rabbits, immunized 
with human urinary erythropoietin, will neu- 
tralize the erythropoietic activity of human 
urinary erythropoietin. This observation was 
later confirmed and extended to include eryth- 
ropoietins from other species and sources 
(2-5). Extensive studies supporting the spe- 
cificity of such antisera for erythropoietin 
were performed showing that the erythropoie- 
tin neutralizing ability was not absorbed by a 
variety of other hormones and proteins, and 
that i t  existed in the gamma globulin fraction 
of the immune serum ( 6 ) .  All the evidence 
obtained, to date, supports the hypothesis 
that the neutralization of the biological activ- 
ity of erythropoietin by the immune serum is 
the result of an antigen-antibody reaction. 

During continuing studies directed to the 
development of a radioimmunoassay for eryth- 
ropoietin, i t  was observed that erythropoie- 
tin labeled with 1251 was recoverable from its 
combination with antierythropoietin (7) by 
the application of a simple plasma erythro- 
poietin extraction technique first demonstrat- 
ed by Borsook et al. (8). The present investi- 
gation was initiated in an effort to obtain 
biological confirma'tion of this observation. 

Materials and Methods. Human urinary 
erythropoietin was extracted from the urine 
of severely anemic patients by pressure filtra- 
tion through a collodion membrane (9). Such 
an erythropoietin extract, with a sp act be- 
tween 20 and 30 units/mg, was used for this 
study. Using 5% human serum albumin as the 
diluent, halving dilutions of erythropoietin 
were made such that 4 concentrations were 
obtained equivalent to 32, 16, 8, and 4 units 

1 This work was done under the auspices of the 
United States Atomic Energy Commission. 

of the IRP standard/ml. A 1-ml aliquot of 
each of these concentrations was pipetted 
into each of 4 tubes. One tube at  each of the 
erythropoietin concentrations was left with- 
out further treatment. Three milliliters of 
saline were added to the second tubes, which 
were then acidified to pH 5.0 with 0.1 N HCl 
and placed in a boiling water bath for 5 
min. They were then cooled, centrifuged for 
10 min, and the supernatants were decanted. 
The precipitates were washed once with 4 ml 
of saline, and the supernatants were com- 
bined for each dose of erythropoietin. Final- 
ly, the pH was neutralized to approximately 
7.5 with 0.1 N NaOH. To the third tube of 
each erythropoietin concentration, was added 
100 pl of antierythropoietin antiserum, 
which was then allowed to incubate overnight 
at 4'. The final tube of each erythropoietin 
concentration received the same volume of 
antierythropoietin, and was also incubated 
overnight a t  4", but the following day was 
given the same acidification-heat treatment 
as oultlined above. The final volume of all 
tubes was brought to 10 ml with a final 
human serum albumin concentration of 5 %. 

Rabbits were immunized with human ur- 
inary erythropoietin combined with complete 
Freund's adjuvant as previously described 
( 6) .  The best antierythropoietin-producing 
rabbits were selected and were given a boos- 
ter immunization with a highly purified hu- 
man urinary erythropoietin.2 The particular 
antiserum used in this study was obtained 9 
days after such an immunization. This an- 
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TABLE I. Effect of Acidification-Heat Trentmcnt on Erythropoietin and Erythropoietin- 
Antierythropoietin Complex." 

Treatment of 
erythropoietin 

Erythropoietin 
dose/mouse - 
(units IRP)  

72-hr red cell SOFe 

(%> (SE) 

None 

Acidified p H  5.0, 
heated 5 min i n  
boiling H,O 

Combined with anti- 
erythropoietin 

Combined with anti- 
erythropoietin, 
acidified p H  5.0, heated 
5 min in boiling H,O 

0.4 
0.8 
1.6 
3.2 

0.4 
0.8 
1.6 
3.2 

0.4 
0.8 
1.6 
3.2 

0.4 
0.8 
1.6 
3.2 

13.3 & 1.4 
19.9 2 1.9 
28.5 r+ 1.8 
33.9 & 1.8 

5.28 f 0.73 
14.2 f 1.0 
25.2 2 0.84 
31.9 k 1.4 

0.43 f 0.09 
0.46 2 0.03 
0.52 & 0.06 
0.58 & 0.09 

10.4 -e 0.92 
18.0 & 1.0 
26.7 2 0.34 
35.4 f 1.5 

"Six to 8 mice/group. 

tierythropoietin antiserum was of the highest 
potency we have as yet produced. Each mil- 
liliter of this antiserum could neutralize 
greater than 300 units of human erythropoie- 
tin. 

Erythropoietin was assayed in female LAFl 
mice made polycythemic by exposure to in- 
creasing amounts of carbon monoxide for 3 
weeks as described by Fogh ( 10). One week 
after removal from the carbon monoxide 
chamber the mice were injected subcutane- 
ously with 1 ml of the test solutions. Fifty-six 
hours later they were given an intraperitone- 
a1 injection of 0.5 pCi of 59Fe citrate. The 
mice were bled by cardiac puncture 72 hr 
later, and the radioactivity in 0.5 ml of blood 
was measured. The results are expressed as 
the percentage of 59Fe in the blood volume, 
calculated at  7% of the body weight. The 
results on mice with hematocrits of less than 
55% were discarded. The mean hematocrit for 
all of the animals at  the end of the assay 
was 67.6% with a standard error of the mean 
of 0.23 %. 

Resulds. The results are summarized in Ta- 
ble I.  Although human urinary erythropoietin 
receiving the acidification-heat treatment 

appears to give a somewhat lower iron incor- 
poration into red blood cells than untreated 
erythropoietin, the difference is not signifi- 
cant except for the 2 lowest doses. The p 
value (Fisher's T test) for the 0.4-unit dose 
was <O.OOl, and for the 0.8-unit dose was 
<0.05. 

Combination with antierythropoietin serum 
completely neutralized the biological activi- 
ty of all the erythropoietin concentrations. 
Even the 32 units of erythropoietin used to 
make up the highest dose were completely 
neutralized by 100 pl of the antiserum used. 
In  this study then, this antiserum showed the 
ability to neutralize at  least 320 units of 
erythropoietin/ml. 

When the ery t hropoie ti n-an t ibod y complex 
was acidified to pH 5.0 and heated in a 
boiling water bath for 5 min, essentially all of 
the biological activity of the erythropoietin 
was recovered. The results of this treatment 
were not significantly different from the re- 
sults obtained with the various doses of eryth- 
ropoietin which received no treatment. 
However, the 0.4 and 0.8 unit doses of eryth- 
ropoietin, when complexed with antieryth- 
ropoietin and then acidified and heat- 
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treated, resulted in significantly greater iron 
incorporation than the same 2 doses receiving 
only the acidification-heat treatment without 
the presence of antierythropoietin. The p 
values for the 0.4- and 0.8-unit doses were 
<O.Ol and <0.05, respectively. 

Discussion. Borsook et al. (8) demonstrat- 
ed that acidified, boiled extracts of plasma 
from rabbits with phenylhydrazine anemia 
were capable of stimulating erythropoiesis in 
normal rats. Their procedure was to acidify 
the plasma to pH 5.5 and then boil it for 15 
min. Goldwasser ( 11) extracted the plasma 
from normal rabbits by a similar procedure 
and arrived at  a normal rabbit plasma eryth- 
ropoietin level of approximately 0.02 units/ 
ml. By the addition uf a known amount of rat 
erythropoietin, he estimated the recovery as 
a result of this procedure to be approximately 
85 %. Thus, plasma erythropoietin appears 
to be quite stable to temperatures of 100” 
for short times, even in low concentrations. 

In  the present study, a t  low concentra- 
tions, human urinary erythropoietin appears 
to be appreciably destroyed by application of 
an acidification-heat treatment. Comparison 
with a dose-response curve would indicate 
that on the order of 757% of the 0.4-unit dose 
and 50% of the 0.8-unit dose were destroyed 
by this treatment compared to untreated 
erythropoietin. At the higher hrinary erythro- 
poietin concentrations, no significant destruc- 
tion occurred as a result of the acidification- 
heat treatment. However, a t  all dose levels 
used, no significant reduction in erythropoiet- 
in was observed when the erythropoietin was 
incubated with a small, but neutralizing, 
amount of antierythropoietin antiserum be- 
fore the acidification-heat treatment. At low 
concentration, complexing with its antibody 
appears to offer some protection to urinary 
erythropoietin from this form of treatment. 
Further studies in progress indicate that gam- 
ma globulin fractions separated from the 
combination of erythropoietin with antieryth- 
ropoietin will also yield biologically active 
erythropoietin after such acidification-hea t 

treatment. 
We feel that these studies indicate that the 

erythropoietin molecule is not irreversibly 
altered as a result of the neutralization of its 
biological activity when combined with serum 
from rabbits immunized with erythropoietin. 
This provides further support for the immu- 
nologic nature of the reaction involved. 

Summary. The biological activity of hu- 
man urinary erythropoietin is completely 
neutralized when combined with serum from 
rabbits immunized with erythropoietin. Acid- 
ification to pH 5.0, followed by heating in a 
boiling water bath for 5 min, recovers essen- 
tially all the erythropoietic biological activity 
from such a combination. These data further 
support the immunologic nature of the reac- 
tion between erythropoietin and the neutral- 
izing serum. 
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