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The erythropoietic stimulating activity of
plasma from anemic human subjects has been
repeatedly demonstrated(1-3). There are
also indications that urine from anemic pa-
tients will induce erythroid marrow hyper-
plasia(1), elevate peripheral erythrocytic
parameters(4) and increase the % incorpor-
ation of Fe®™ into the red cells of recipient
rats(3, and Mirand, personal communication).

The present studies were undertaken to de-
termine the frequency with which erythro-
poietic stimulating activity appears in anemic
human urine and to relate the occurrence of
this activity to that of plasma.

Materials and methods. Seventeen 24-hour
urine samples were collected from 6 children
and 1 adult with hemoglobin levels ranging
from 4 to 7 g%. Four additional samples
were obtained from children with normal he-
moglobin levels. All of the urines were pre-
served at 5°C with 5 ml of toluene added per
liter. Five of the urine samples from patients
with Cooley’s anemia and 1 from a normal
child were subjected to the acidification and
boiling procedure described previously(4).
The remainder of the urine samples were
tested without modification. Normal mature
female rats of a modified Long-Evans strain,
weighing 150-200 g and maintained on a diet
of Purina Chow, were used for testing the
urines. Four or 5 rats were used in each as-
say. Each rat received 3 ml of urine injected
subcutaneously once daily for 10 to 20 days.

Reticulocyte, red cell, hemoglobin and he-
matocrit determinations were performed prior
to the injection period employing methods
previously described(5). Reticulocyte counts
were again made on the 6th day and red cell,
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hemoglobin and hematocrit estimations were
repeated on the day following the last injec-
tion. These are the values indicated in Table
1. The red cell counts for each animal were
taken as the mean of the 4 chamber counts
drawn from 2 separate pipettes. The same
pipettes were used before and after treatment
for each rat. In 4 assays, bone marrow smears
were prepared after the last injection follow-
ing the method already reported(6). In 1
assay, blood volume determinations were per-
formed according to a modification of the
method of Wang and Hegsted(7,8).

Results. Of the 5 urine samples taken from
the patients with Cooley’s anemia and sub-
jected to the acidification-boiling procedure,
only the sample listed in the first row of Table
I possessed erythropoietic stimulating activ-
ity. The other 4 inactive samples are not
listed in the table. Similarly treated urine
obtained from the normal boy was inactive.

The remaining 12 urine samples which were
obtained from the anemic children and the
adult with a benign thymoma, were not acidi-
fied and boiled. Eight of these evoked in-
creases in some of the erythrocytic values
(Table 1). These included 2 of 4 samples ob-
tained from Cooley’s patients, 3 of 5 secured
from the hypoplastic anemia subject and 1
each from the myelogenous leukemia, benign
thymoma, and sickle cell anemia patients.
However, only 4 of the 8 positive responses in-
volved more than 2 erythrocytic parameters.
The 4 inactive samples are not included in the
table.

No erythropoietic stimulating activity was
noted with a Cooley patient’s urine after a
transfusion had brought his hemoglobin level
to 12 g%. Similarly, the urine from the mye-
loblastic leukemia patient in remission was in-
active as was the urine obtained from the
normal girl.

The 2 samples of urine collected from the
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TABLE 1. Effects of Urine from Anemie Patients on Peripheral Blood of the Rat.

————Status of urine donor————— ——— Effects in recipient rats (mean + S.E.)——

Age Hemoglobin RBC Hemoglobin  Hemato- Retics
(yr) Diagnosis (g %) (mill/mm?®) (g %) erit (%) (%)
6 & Cooley’s anemia 5.4 B§ 93+.2 160+.5 472+10 21+ .2
A 120+ .4t 184 1+ .8% 54.6 +22* 4.6+ .8*
556 B 87+.4 15344 461+13 25+ .9
A 97T+.2 177+ .5* 51.7+26 7.7+ 8t
43 B 90+.2 149+.2 469+19 39+ .7
A 111+ .6* 183+ .9* 57.7+2.3*% 8.3 +1.3*%
7 3 Hypoplastic anemia 53 B R85 +.1 147+ .2 456+ 1.2 30+ 4
A 110+.1t 181 .7t 55614t 52+ .4t
45 B R7+.3 153=x.6 46112 39+ 4
A 10333t 171 +.3* 510+ .7t 7.7+ 9t
60 B 90+.2 1593+.3 498+ .9 29+ 8
A 100 x.2* 16.0+.7 503+ .7 3.7+ .7
3 3 Myeloblastic leukemia 6.5 B 93 + .2 145 +.3 545 + .3 31+ .6
A 116=+.2t 165+.2t 57021 6.0+ .4t
3 @ Sickle cell anemia 65 B 9.0x+.2 149+.2 495+ 5 20+ 4
A 102+ .3* 165+.5*% 52014 27+ 9
68 @ Benign thymoma 7.0 B 9.1 +.1 15.6 + .4 50.4 +~ 1.3 28+ .7
A 102+.1* 167+.3 51911 46+ .6
3 & Mpyeloblastic leukemia 11.7 B 8.3 =+ .1 156 +.9 45.0+43 29 +1.3
in remission A 8.6 +.3 14.9 + .6 42,0 + 1.0 3.2+ 9
6 & Cooley’s (transfused) 120 B 9.5+ .1 17.6 + .3 50.0 + 1.7 29+ .3
A 90+.4 148+.2 440+10 33x 4
6 & Normal 135 B  92+.2 166+.6 496+12 24+ 3
A 89+.2 146+ .61 454422 47 .7*
3 @ ” 130 B 83+ .1 156 +.3 496+ 9 3.0+ .8
A 8.2 + .2 14.9 + .7 46.5 + 1.1 32+ 4
* Mean significantly greater than pretreatment level, P <.05.
1 Idem P <.01.
1 Mean significantly lower than pretreatment level, P <.05.

§ B — Before treatment; A — After treatment.

boy with hypoplastic anemia which elicited
the marked increases in all 4 peripheral
parameters listed in Table I (Hb 5.5 and 4.5

TABLE II. Effect of Urine from Anemic Patients
on Bone Marrow of the Rat.

Marrow response
after treatment

Status of urine donor (mean - S.E.)

Nuecleated RBC
Hb. (% of total nu-
Age Diagnosis (g %) cleated cells)
6 & Cooley’s anemia 5.4 36.6 - 3.4
5.5 42.2 + 6.9*
7 & Hypoplastic anemia 5.5 45.8 + 1.9t
4.5 44.2 + 4.0t
3 @ Sickle cell anemia 6.5 272+ 7.0
6 3 Normal 13.5 41.0 = 1.5*
50 untreated control rats 324+ 24

* Mean significantly greater than untreated eon-
trols, P <.05.
t Idem, P <.01.

g%) also induced erythroid marrow hyper-
plasia (Table II). Blood volume values, de-
termined in the animals receiving the first of
these 2 active urines, were also significantly
elevated (Table III). Nucleated red cell
percentages were increased in the bone mar-
row of rats receiving the urine of the normal
boy (Table II). This was probably not a
true erythropoietic stimulating effect but most
likely was a secondary consequence of the fall
in hemoglobin induced in the recipient rats by
this urine sample (Table I).

Discussion. 1t is clear that some samples
of urine obtained from anemic human sub-
jects markedly augment peripheral red cell
parameters in the rat. These rises, most
likely, cannot be attributed to hemoconcen-
tration since, as has been shown with 1 active
sample, there was a concomitant rise in blood
volume. Furthermore, it is probable that this
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TABLE III. Effect of Urine from an Anemic Pa-
tient on Blood Volume of the Rat.

Blood vol
(ce/100 g body wt)

Hypoplastic anemia (Hb.5.5g %)  10.1 = .3*
Untreated controls 8.3+ .4

Donor

* Mean significantly greater than untreated con-
trols, P <.01.

increase in the total numbers of circulating
erythrocytes is the result of enhanced produc-
tion since there was an associated increase in
the numbers of peripheral reticulocytes and
an augmentation in the % of nucleated eryth-
rocytes in the bone marrow.

Only one-fourth of the urine samples ex-
amined, however, elicited an increase in at
least 3 erythrocytic parameters. Obviously,
with such a low incidence of activity in anemic
human urine, more than 4 samples are re-
quired to determine whether unconcentrated
urine of normal subjects is consistently inac-
tive.

There was no remarkable difference in the
occurrence of activity between urine subjected
to the acidification-boiling procedure and that
not so treated. The presence of activity in
at least 1 sample after boiling suggests that
the factor in urine is heat stable. In this re-
spect, it is similar to the factor obtained pre-
viously from the plasma of these same pa-
tients(1). When compared to anemic human
plasma(1l), anemic human urine is a much
less constant source of erythropoietically ac-
tive material. It is probably more dilute,
since more injections are required to evoke
detectable responses. As a source for the iso-
lation of the factor, urine has the advantage,
however, of being readily available in large
quantities relatively free from plasma pro-
teins.

It is not certain why urine is less frequently
active than plasma. Examination of the clini-
cal records indicates no correlation between
the presence of activity in urine and the gen-
eral status of the patient, the severity of the
anemia, or the degree of concentration (spe-
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cific gravity) of the urine. It is of interest
that the most frequently active urine has
come from the patient with hypoplastic ane-
mia whose plasma, at least on one occasion,
has been shown to be devoid of erythropoietic
activity (1).

More work is required to establish the fre-
quency of occurrence of erythropoietic activ-
ity in normal human urine and to elucidate its
variable presence in the urine of anemic sub-
jects. In this regard, the question of normal
and pathologic variations in renal threshold
should be studied.

Summary. Of 17 unconcentrated urine
samples taken from 7 anemic humans, ap-
proximately 25% displayed erythropoietic
stimulating properties. Blood volume and
bone marrow studies confirmed the erythro-
poietic nature of the responses obtained.
Urine from 4 children with normal hemo-
globin levels showed no ability to stimulate
erythropoiesis. When compared to anemic
human plasma, anemic human urine is a more
dilute and less constant source of erythro-
poietically active material.
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