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Increased amounts of e r y t h w i e t i n  have 
been detected in the p h a  land urine af 
humans mcl several other animal species 
when subjected to hypoxia, acute bleeding 
or when severely anemic. During the past 
decade, erythropoietin has l k n  reported to 
be elevated in a variety af primary hemato- 
logic disorders characterized by chronic ane- 
mia but was not detected in normal non- 
anemic humans until recently. 

For this reason i t  was l p l p o s d  that the 
usual physiolagid contra1 of normal eryth- 
rcpoiesis was not mediabd by erythmpietin 
but that it was a response called upon in 
extreme s t r m (  1 ) .  In recent years, the de- 
velopment of more sensitive bioassay systems 
and various means of concentratring urine 
prior to assay, has led to the demonstration 
of erythropoietin in the urine of norma1 non- 
anemic humans(2-5). In  addition it has been 
shown that administration of antiserum 

*Supported by USPHS G m t s  AM 04048, HE 
10880 a d  2 T1-HD 48. 

against erythmpoietin to normal anilmals will 
cause anemia( 6 ) .  Thus, the fulndmenltal 
role of erybhmpietin in controlling erythro- 
poiesis (in normal individuals has been eluci- 
dated. 

Data reported thus far indicate that iron 
deficiency anemia is not associated with in- 
creased erythrolpoietin production unless the 
anemia is quite severe ( 1,7). Having detected 
incrased erythropietin in the serum and 
urine of some children wilth iron deficiency 
anemia of only modsmte severity, we inves- 
tigated the relationship between severity of 
anemia and erythropoietin activity in a larger 
numlkr. By collecting serum and urine speci- 
mens concomitantly we were able to cumpare 
the activisty in serum with that excreted in 
the urine at various levels of anemia. 

Materials and methods. Clinical. Fifty- 
five unselectd ifnfants and children with 
iron deficiency secondary to inadequate die- 
tary iron intake or chronic blood loss were 
the subjects of this study. The diagnosis 
in each case was established by routine 
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hematologic study, supplemented in those 
with only mild to moderate anemia by de- 
termination of serum iron and iron binding 
capacity ( 2 2  cases) and determination of 
stainable marrow iron (14 cases). The ane- 
mia in all cases responded adequately to ther- 
apeutic administration of iron. 

Samples of serum (48 cases) and od urine 
(26 cases) were obtained prior to any therapy 
and were promptly frozen until assayed for 
erythropoietin activity. From 2 2  patients, 
samples of serum and urine were obtained 
concomitantly so the relationship between 
serum erythmpoietin level and urinary eryth- 
ropoietin excretion could be studied. 

Assays. Erythropoietin activity was meas- 
ured by quantitating the increase in 59Fe in- 
corporation into circulating RBC of mice 
made plycythemic by chronic hypoxia and 
which were given injections of the material 
to be assayed. 

The method employed was basically that 
of Cotes and Bangham(8) as modified in 
this laboratory. Virgin female B6DF1 mice,+ 
specific pathogen free, and weighing 18 to 
22  g were placed in a hypobaric chamber and 
maintained a t  % atmospheric pressure for 
8 of each 24 hours for 14 days. 

On the fourth and again on the fifth day 
after completing this treatment, they were 
given intraperitoneal injections of 0.2 or 0.4 
ml of the material to be assayed. Whole un- 
modified serum and urine were assayed with- 
out concentrating or modifying them in any 
way. On the sixth day, 0.2 microcurie of 
"Fe C13 in phosphate buffer, pH 3.5, was 
injected into the tail vein. On the eighth 
day a sample of blood was obtained by car- 
diac puncture. Heparinized blood, 0.5 d, 
was placed in a glass vial, hemolyzed by addi- 
tion of 3 ml distilled water and its radio- 
activity determined. A portion of blood was 
also used for duplicate determination of he- 
matwrit by the micro method. Animals with 
hematocrit below 52% were discarded from 
the experiment. 

The "Fe uptake into newly circulating 
RBC was calculated as a percentage of the 
total dose given using a formula in which 

t Simonsen Laboratories, Gilroy, Calif. 

the blood volume was assumed to be 7% 
of body weight. 

Groups of 5 mice were used far assay of 
each specimen. Each assay procedure in- 
cluded a group of mice given injections of 
a laboratory standard plasma from rabbits 
made anemic with phenylhydrazine and pre- 
viously standardized against the international 
reference preparation of erythropoietin. t Each 
assay also included a group of mice givem 
injections of a single pool of normal nm-  
anemic human plasma as a negative control. 
This has been preferred to saline injections 
as a more physiological control although nega- 
tive control values ubtained wimth normal 
plasma are usually slightly higher than those 
produced by saline. In experiments in this 
laboratory involving several hundred mice 
and extending over a period of several years 
the negative control gave a mean 5QFe up- 
take of 0.5 t 0.2% of the tracer dose. 

Results. The results of erythrpiet in  as- 
says of the sera of 48 patients with varying 
degrees of mild to severe iron deficiency 
anemia plotted against the patients h m o -  
glolbin concentration are shown in Fig. 1. 

There is a mughly linear direct relation- 
ship between the level of serum erythroc 
poietin and the severity of anemia. Of inter- 
est is the finding of increased erythropoietin 
activity in the serum of patients with only 
mild iron deficiency. One patient with h m a -  
globin of 9.5 g/100 ml had an activity of 
9%. This patient had chronic mild iron 
deficiency due to bleeding inltstinal lesions. 
The possibility of a small bleed prior to 
obtaining the sample cannot \be excluded. 

Fig. 2 shows the results of erythmpoietin 
assays of urine f r m  26 patients plotted 
against their hemoglobin concentration. Again, 
the activity of urinary erythrqoietin in- 
creased with severity of the anemia. In- 
creased activity was found in the urine of 
all patients studied including 2 with herno- 
globin higher than 9 g/100 ml. One of these 
was the patient previously mentioned with 
chronic intermittent intestinal blood loss. 
The other was an 11-monthold infant with 

t Kindly supplied by Drs. Mary Cdes and D. R. 
Bangham, Dept. of Bitological Standards, Medical 
Research Council of Great Britain. 
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FIG. 1. Erythropoietin activity of serum from 48 pstien,ts with iron deficiency anemia 

FJG. 2.  Erylth~ro~poietin activity in urine sptximens from 26 patients with iron deficiency 
related to their hemoglobin concentration a t  time uf sampling. 

anemia Ire1,ated to their hemoglobin concentrati’on at ltime toif sampling. 

nutritional iron deficiency, a serum irun level 
of 37 y/100 ml and 11% mturation of iron 

tienits with anemia due to iron ddciency are 
quite 1iJmited. 

binding protein. 
In  Fig. 3 the erythrpiet in  activity in 

serum of 22 patienits is platted against the 
activity found in a urine specimen obtained 
concomi’tantly. %rum was assayed in a total 
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Van Dyke(9) using a starved rat assay 
initially reported finding increased arythm- 
(pietin activity in plasma or urine of only 
one of seven pt ients  with iron deficiency ane- 
mia. He found no evidence of activity in 
either plasma ur urine from 4 patients with 
hemoglobin between 3.5 and 6.5 g/100 ml 
secondary to chronic hookworm infection. 
Later Van Dyke e t  aZ( 1) studied the rela- 
tionship between degree of anemia and eryth- 
ropoietin level in 11 adults with severe iron 
deficiency s e ~ m d a r y  to hookworm infesta- 
tion and chronic blood loss. They found 
an increase in s m m  erythropoietin in 5 
specimens fmm patients with hemoglobin 
concentration Ibluw 5 g/100 ml and had 
no increased activity over mnitrol values in 
5 specimens fm pakients with hemoglobin 
between 5 and 10 g/100 mil. 

FIG. 3. Relationship between erythromietin Urine sitxcimens from 11 mtienlts showed 

that used for serum assay. 

dose of 0.4 ml/mouse and urine in a dose 
of 0.8 ml/mouse. 

g/lW ml or less. 
In lanother group of pt ients  with anemia 

due to a variety of “prim’ary” ~ h a t d o g k  
Serum activity was generally p a t e r  than 

urine aotivity des;pilte the largpr dose em- 
ployed far assays of urine. The data show 
a direat relationship (between serum and urine 
qthrcqmietin at a11 levels of activity. 

Discussion. Data on erythropoietin in pa- 

dimrders, they found h c r ~ ~  e\rythrO’P’Qie- 
tin activity in urine of patients with hemo- 
globin concenkrati~ UP to 8 €d1O0 ml* 

On the basis of these data it was sug- 
gested that in normal individuals who de- 
velop iron deficiency anemia due to chronic 
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blood loss, e r y t h q i e t i n  acts to increase 
erythropoisis only in extreme circumstances. 
It was po&ulated that in patients with “pri- 
mary’’ hematologic disease, the increased 
erythropoietin activity found a t  more mild 
degrees of anemia may result from some 
other physiologic alteration. 

Gallagher et d ( 7 )  assayed extracts of 
plasma of 3 patients with iron deficiency 
anemia. Erythropoietin activity was in- 
oreased in 2 with hematocrits below 21% 
and not increased in one with a hematocrit 
of 29%. Starved or polycythemic rats were 
used for bioassays. 

Iaroshevskii and Shekhtm( 10) reportd 
finding a reticulocytosis stimulating effect in 
plasma from 3 to 8 cases of gastrogenic iron 
deficiency anemia when it was injected into 
rabbits. The severity of anemia was not 
stated. 

Thus, i t  has been assumed from the limited 
data published that in iron deficiency anemia 
the level of plasma and urine erythrolpoietin 
is not significantly increased unless the ane- 
mia. is quite severe. 

The data reported here demonstrate that 
increased erythropoietin activity can be con- 
sistently detected in unconcentrated serum 
and urine fm such patients even when the 
hemoglobin concentration is as high as 9-10 
g/ml. Fupthermore, the relationship between 
erytht-opoietin activity and the severity of 
anemia was roughly linear a t  all degrees of 
anemia studied. Thus, it does not appear 
that increased erythropoietin is found in this 
condition as a secondary erythropoietic mech- 
anism called upon only when the anemia is 
severe. 

The relationship between serum and urine 
erythrqiet in  activity was found to be di- 
rectly proportional at all levels of anemia. 
The m o u n t  excreted in the urine therefore 
reflects \the level in serum and from these 
studies appears to be approximately % to 
% that of Ithe serum erythropietin activity. 

Various sources of erythropoietin of hu- 
man origin have been sought to supply ma- 
terial for further research on its biochemical 
nature, mechmim of action and physiology. 
Ehythrqoietin f m  the urine of !patients 
excreting significant amounts has been men- 
tioned a6 prabzdbly the most oonvenient and 

least w t l y  ssurce(1) but such patients have 
been generally thought to (be limited, for 
practical purposes, to those with erythroid 
hypoplasia and certain types of chronic hemo- 
lytic anemia( 11). 

I t  would appear that human sources of 
erythrqiet in  may be found among patients 
with moderate to severe iron deficiency ane- 
mia, a condition encountered not uncom- 
monly in most clinics. 

Summary. Study of the erythropoietin ac- 
tivity in unconcentrated serum and urine of 
55 children with iron deficiency anemia re- 
vealed increased activity in both at  hemoglo- 
bin levels up  to 10 g/100 ml. The erythro- 
poietin actlivilty was directly related to the 
severity of anemia. There was direct cor- 
respondence between serum and urine eryth- 
ropietin activity of all degrees of anemia 
studied, and serum showed greater activity 
than urine obtained at the same time. I t  
muld  appear that patients with moderate 
to severe iron deficiency anemia may provide 
an important source of human erythropoietin 
for use in research. 

The authors would like to recognize the capable 
technical assisltance of Mr. Charles Greene and Mr. 
Curtis Polk. 
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