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Since the demonstration by Reissmann that
erythropoiesis is under humoral control(1)
the search for the site of production of this
factor and for an adequate source from which
erythropoietic hormone could be isolated has
been the subject of much investigation. Eryth-
ropoietic activity has been found in a variety
of body fluids, including plasma(2-4), urine
(5,6), and milk(7), and erythropoietically
active material has been isolated from the an-
terior pituitary(8). However, such activity
has been demonstrated in body fluids primari-
ly following some procedure which has de-
creased the oxygen-delivering ability of the
blood (phenylhydrazine(2), hemorrhage(3),
hypoxia(9), etc.), in disease states(4), or
following administration of cobalt(10); from
such conditions it has not been possible to
isolate active fractions in sufficient quantity
for adequate chemical and biological investi-
gations,

In the course of screening a large number
of patients with various hematological dis-
orders for plasma erythropoietic titer, using
the Fe® incorporation in red cells as an assay
(11,12), it was found that some patients with
aplastic anemia showed a marked elevation in
their titer. From the urine of some of these
patients a highly potent erythropoietin has
been extracted.

Material and methods. Normal female rats
of the Long-Evans strain weighing between
150 and 200 g were used for the assay. They
were fed a complete diet.t The rats were di-
vided into groups of equal average weight at

* This work was supported in part by the U. S.
Atomic Energy Com.

t The diet (modified from McCollum’s formula)
consists of 67.5% whole wheat, 15% casein, 10%
whole milk powder, 0.75% NaCl, 1.5% CaCO;,
5.25% hydrogenated vegetable oil, and a concen-
trate of fish oil in amount to give 19 U.S.P. units
of vit. A and 2.5 A.O.A.C. chick units of vit. D/g
of diet.

the beginning of any assay. Untreated urine
or a concentrate of urine was injected subcu-
taneously once daily for 14 days. Control
rats were injected with an equal volume of
saline or urine from a normal subject. For
comparison with the response obtained with
urine concentrate, a group of rats was main-
tained continuously in a decompression cham-
ber at a simulated altitude of 15,000 feet for
14 days. On the 12th day of injection, met-
abolic rates were determined with a closed-
circuit multiple respiration apparatus, as de-
scribed by Evans, et @l.(13).} To measure
1181 uptake by the thyroid, 0.5 pc of
1331 was given intraperitoneally 16 hours prior
to autopsy, and the activity of the thyroid
determined after autopsy. Just prior to autop-
sy, blood volume and total circulating red cell
volume were determined by the Fe®® labeled
cell dilution method(14). At autopsy the
adrenals, thyroid, ovaries, uterus, thymus, and
spleen were dissected and weighed. The
urine used in assays reported here was ob-
tained from a ‘Caucasian female of 11 years,
who was first found to be anemic at the age
of 134 months and who has received trans-
fusions monthly since the age of 3 months.
Physical examination was essentially normal
except for some enlargement of liver and
spleen. Laboratory work has shown slightly
hypochromic, normocytic erythrocytes, reticu-
locyte count of less than 1%, and only 2%
nucleated red cells in the marrow with an es-
sentially normal leukocyte formula. She has
shown no response to therapeutic trials of
cobalt, ACTH, riboflavin, and other conven-
tional forms of therapy, such as liver, vit. Bz,
etc. Iron turnover studies confirmed the
other laboratory findings in that the marrow
failed to accumulate and release radioiron for
erythropoiesis. She has been diagnosed as
erythroid hypoplasia. The urine concentrate

1 We wish to thank Dr. E. S. Evans for determina-
tions of metabolic rate.
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TABLE I. A Comparison of Hematologic Response of Normal Rats Injected with 1 ml of Un-
treated Urine Daily from a Normal and an Aplastic Anemia Donor.*

Increase

Material inj. Red eell vol Total red in total red

1 ml/day Het (%) (m1/100 g body wt) eell vol (ml)  cell vol (%)
Saline control 43.6 + 1.7¢ 239 + .1 4.66 + .2
Normal urine 43.6 4+ 2.6 252 4.2 4.55 + .2 0
Active 49.9 + 3.3 273 .2 534 +.1 14.6

* 7 rats/group.

t Mean and stand.

was prepared by the ultrafiltration method
described by Gorbman (15).

Results. A variety of normal human beings
and patients with various hematological dis-
orders were assayed for plasma erythropoietic
activity by the Fe™ red cell incorporation
assay using hypophysectomized rats. One ml
of untreated plasma from normal human be-
ings consistently gave an average Fe* incor-
poration of 26%, as compared with 6% for
the saline injected controls. No elevation in
erythropoietic titer above normal was found
in the patients assayed with the exception of 3
children with aplastic anemia, all of whom
showed markedly elevated plasma erythropoie-
tin, 1 ml of plasma producing a 40-50% in-
corporation of Fe™ in 16 hours. With such
an elevation in plasma. it was decided to as-
say the urine. In 2 of the 3 children the
erythropoietic activity of 1 ml of urine was
as high as that of 1 ml of plasma, whereas
normal urine shows no activity. In the third
patient the urine showed no activity. If such
an increase in iron incorporation after the
administration of urine did in fact indicate a
stimulation of erythropoiesis, then it should
be possible to show an increase in the total
red cell volume with a longer period of admin-
istration.

Table I compares the average values ob-
tained in total circulating red cell volume
with urine from the patient described above
(1 ml daily for 14 days) with the values ob-
tained with urine from a normal subject or
with normal saline. The average hematocrit
and red cell volume were significantly in-
creased (p = 0.001, 15% above the saline-
injected control) in the group injected with 1
ml of active urine. There was no change fol-
lowing injection of urine from a normal sub-
ject. Although the daily administration of
only 1 ml of urine resulted in the production

dev,

of a definite polycythemia in normal adult
rats, it was felt that the true potency of this
material could be demonstrated best by com-
paring the response obtained from larger
amounts of urine with that obtained with the
most effective known erythropoietic stimulant,
hypoxia. For this purpose some method of
concentration of the active principle from
urine was sought. Since the ultrafiltration
technic of Gorbman(15) provides a simple
method for the concentration of gonadotrophic
and possibly other pituitary hormones(16) in
urine. the ultrafiltration of erythropoietically
active urine was investigated. Under 20 1b
nitrogen pressure, 500 ml of urine was forced
through a collodion membrane. The mem-
brane was dissolved in ether alcohol, and a
precipitate was obtained by centrifugation.
The precipitate was washed with ether, dried
to a powder, and stored under vacuum. The
powder was dissolved in saline, and an aliquot
diluted to a volume equivalent to that of the
starting material, while a second aliquot was
dissolved so as to give a 13-fold concentration.
The original urine, the ultrafiltrate, and the
2 dilutions of the residue remaining after ul-
trafiltration were assayed for erythropoietic
activity by the Fe® incorporation assay using
normal rather than hypophysectomized rats.
The use of normal rats in this assay has been

TABLE 11. Partition of Erythropoietic Activity
in Urine of a Patient with Aplastic Anemia.

Vol equiv-
alents inj. Fe® uptake*
Treatment (ml) (16 hr) (%)
Starting material (un- 1 48 + 6.3
treated urine)
Ultrafiltrate 1 28 + 7.9
Residue after ultrafiltration 1 43 + 7.6
Idem 13 61l +- 4.4
Uninjected control — 23 + 6.7

* Normal adult female rats; 10 rats/group.
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TABLE III. Hematologic Values of Normal Rats Injected with Urinary Erythropoietic Frae-
tion or Exposed to Simulated Altitude of 15,000 Ft for 14 Days.*

Inecrease
Red cell vol Total red in total red
Treatment Het (%) (ml/100 g body wt) cellvol (ml) cellvol (%)
Saline 43.0 + 1.661 2,45 +.1 4.48 +- .55
Hypoxic control 49.9 + 1.95 3.27 + .2 5.76 + .46 28.6
Urine fraction 56.8 + 4.24 345+ .3 6.70 + .83 49.6
(2 mg/day) B
* 6 rats/group. t Mean and stand. dev.

found to be satisfactory when the activity of
the material to be tested is sufficiently high.
Table IT summarizes the results of this assay.
As can be seen from the table, no activity was
found in the ultrafiltrate. The activity of
the starting material and of the residue diluted
to a volume equivalent to the starting ma-
terial were equal. The more concentrated
fraction showed a greater activity. All of the
active material was recovered in the filter,
providing a simple and efficient method for
concentrating and purifying the activity and
reducing it to a nontoxic, easily soluble pow-
der. A urine fraction prepared in this way
was injected subcutaneously into normal adult
rats at a dose equivalent to 30 ml (2 mg)
daily for 14 days. A second group was in-
jected with saline and a third was maintained
continuously in a decompression chamber at
a simulated altitude of 15,000 feet for 14 days.
On the 15th day total circulating red cell vol-
umes were determined, and the animals were
autopsied. Table III compares the average
values for hematocrit and red cell volume for
the 3 groups. As can be seen from the table,
the total red cell volume of the rats maintained
at a simulated altitude of 15,000 feet was
28.6% above that of the saline-injected con-
trols, while those given an equivalent of 30 ml
of active urine per day showed an increase in
total red cell volume of 49.6% above the
controls. Table IV compares average body

weights, organ weights, and standard metabolic
rates of the 3 groups. The rats injected with
concentrate of active urine showed a greater
increase in body weight than either the saline-
injected or hypoxic controls, at least indicat-
ing that the injected material was not toxic.
There was no significant change in the average
weight of the endocrine organs or in the I'3!
uptake in the 3 groups. The spleens of the
rats injected with urine concentrate showed a
definite increase in weight, suggesting stimu-
lation of erythropoiesis in that organ. The
standard metabolic rate of the group injected
with concentrate of active urine was only 9%
above that of the saline-injected controls.

Thus, a certain group of patients classified
as aplastic anemia produces and excretes
erythropoietic substance in excessive quanti-
ties. It is suggested that in some cases the
mechanism responsible for this high rate of
production and excretion may be analogous to
that responsible for the high level of follicle-
stimulating hormone in the castrate or meno-
pausal woman in that the production of the
stimulant is uncontrolled because the target
organ fails to respond, that is, there is no
regulatory feedback mechanism. The source
of production of the erythropoietic material
found in plasma and urine has not been in-
vestigated, and one can only assume that
that which is found in urine originates from
that which is found in plasma.

TABLE IV. Organ and Body Weights and Metabolic Rates of Normal Adult Rats Injected with Urinary
Erythropoietic Fraction or Exposed to Simulated Altitude of 15,000 Ft for 14 Days.*

Body wt (g) Metabolic
Begin- Adrenals Thyroid Ovaries TUterus Thymus  Spleen rate
Treatment ning Final - (mg) -~ (eal/m?/hr)
Saline 171 183 59 12.5 67 388 245 845 31.5
Hypoxic control 171 177 51 13.1 65 304 192 890
Urine fraction 171 194 59 13.0 67 281 211 1,305 34.4

* 6 vats/group.



544

Summary. 1) Some patients with aplastic
anemia had exceptionally high levels of eryvth-
ropoietic activity in plasma. The urine of
these patients was assayed, and in some it was
equally as potent as the plasma. As little as
! ml daily for 14 days of untreated urine from
such a patient produced a significant poly-
cvthemia in normal adult rats. When a con-
centrate of such urine. prepared by ultratil-
tration, was injected at a dose equivalent to
30 ml daily for 14 days into normal adult
rats. a polycythemia was produced which ex-
ceeded that resulting from exposure to a simu-
lated altitude of 15,000 feet for the same
period of time. 2) The high potency of such
urine has allowed its assay in normal rats.
This ninding, together with the easy availa-
bility of urine and the efficiency of ultrafiltra-
tion as a method for preparing concentrates of
urinary erythropoietic activity, should allow
for a more rapid investigation of the chemistry
and biology of this factor.
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The literature on stylomycin aminonucleo-
side (SAN) is somewhat confusing. owing to
the fact that the antibiotic now known as
“stylomycin” was first called “achromycin”—
a name which was subsequently transferred
to another antibiotic(1)—and then “puromy-
cin”’(2.3.4). Little is known as vet about the
pharmacology of this antibiotic. apart from
its efficacy 1n the treatment of infections. par-
ticularly those caused by certain trypano-
somes. It has been noted, however, that

* Supported by National Research Council of Can-
ada and by Lederle Laboratories Division of Amer.
Cyanamid Co., the latter having also supplied the
stylomycin aminonucleoside used.

stylomycin and its aminonucleoside can pro-
duce a nephrosis-like syndrome with renal le-
sions. subcutaneous edema, pleural fluid,
ascites, hyperproteinemia. hyperlipemia and
azotemia in laboratory animals(1,3). This
condition is accompanied by an increased al-
dosterone secretion(4), osteitis-fibrosa-like
changes in the bones(5) and, in advanced in-
toxication. by an interstitial pancreatitis(6).

The object of the present communication
is to report upon experiments which show that
both the renal and the skeletal changes elicited
by SAN overdosage depend largely upon’the
balance between pro- and anti-inflammatory
corticoids.



