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United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
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BIOLOGICAL AND CHEMICAL CHARACTERISTICS
o OF ARY ERY" v

URIR HROUPOT

D . c. Vﬁﬂ Dm‘ ‘Jo F« Gﬁ?ﬁi&. ‘Jaﬂo stl’otme. '

.* The remarkable ‘c'b,uiuncy of red-coll n}ﬂa@iber and red.cell volume in the
normal organism {ndicates that a regulatory mechanism must exist that :

‘maintaine the number of circulating erythrocytes at & constant level, stimulates

erythropoiesis after hemorrhage or exposure to an atmosphere of reduced

~ omygen tension, and inhibits the production of red cells after hypertranefusion,
- That the mechaniom set {n motion by & change in oxygen tension is partially

hormonel was indicated by injection of plasma from & bled rabbit into a normal

rabbit by Carnot and Deflandre. ! The intense recent interest in this subject was
- initiated by the parablotic cross -transfusion experiments of Reisemann, # which

demonstrated the presence of a humoral substance controlling erythropoiesis. In
these parabiotic experiments, the bone marrow of & normal rat was stimulated

through blood received from 2 hypoxic partner.

' Slnce_:tho work of ﬁéinwmn. ‘there have been many reports of an erythro.

- poi"ctic stimulant found in plasmas following administration of phenylhydrasine or

after bleeding. 3- ' Hodgson and Tohad reported that an erythropoietic factor
could be found in the urine ag well as the plasma of rabdbits made agemic by

~ - bleeding. Goldwasser et al. ® reported erythropoietic activity in the plasma of

‘cases of anemia, Piltero et al. ! and Mediéi ot al.

~ University of California, Berkeley, California.

rate after treatment with cabalt.

Reports from several laboratories have provided ample evidence that
the level of erythropoietin in the circulation e c@n%iderably elevated in certain

' have demonstrated o

erythropoietic activity in the flltrate of bofled plasma from several cases of
Cooley's snemia, one of two cases of hypoplastic anemia, and one of two patients
with sickle-cell anemia, as judged by stimulation of erythropoiesis in normal
recipient rats. A similarly prepared extract of urine from one of Cooley's
anemia subjects was also active. Guraey et al. 9 and Prentice and Miraad, 10
using the incorporation of Fe59 into the red blood cells of either hypo- =
physectomized or starved rats, have demonstrated sn increase in erythropoietic’
activity of plasma from patients with hypoplastic anemia, psrnicious anemia,
hemolytic anemia, leukemia, Hodgkin's disease, carcinoma of the cervix
(receiving radiation), and following acute hemorrhage. In this laboratory it has
been demonstrated that a concontrate of urine from certain anemic patients,

. Donaer Laboratory of Bicphysics and Medical Physics and Donner Pavilion,

.
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‘injected daily for 14 days into normal adult rats, will produce a polycythemia
that exceeds that resulting from exposure to a simulated altitude of 15,000 for
~ the same period of time, Thede observations have led to the routine

examination of both the plasma and urine of patients with & variety of

‘hematological and other disorders. : : SR

MATERIAL AND METHODS

: The erythropoietic activity of plasma and utine samples was assayed in
either gy‘pop‘hyucﬁomiud or normal rate of the Long-Evans sirain by the effect
7 incorporation into red cells after 2 days of injection, 11 or the effect on
total cifcmnﬁng red .cell volume as measured by the labeled cell-dilution
" methodi2 after 14 days of injection. Samples of blood were collected in a

~ heparinized syringe and ceatrifuged for 10 minutes, 2nd the plasme was removed

. and frozen uatil injected, The plasma was not processed further, . The urine.
. samplea were frozen immediately on collection and injected for assay either as
uat_ivef-m-iﬁa or ag the residus from ultrafiltration prepared by the method of
' Gorbman, 13 All samples were injected subcutaneously, and female Yats werve
~ used throughout this study. The hypophysectomized snimals were operated at.
. -28 days of age and used fo¥ the assay 8 days later. Normal rats weighing -
- batwaen 150 and 200 g were used for the remainder of the assays. o

.- The 16-hour radioiren incorporation assay hae been used in theoe studies
a8 & screening test for erythropoietin, and an incresse in the total red.cell '
volume in normeal rats has been coneiderad unequivocal evidence for
‘erythropoletic stimulation, ,
o ‘ RESULTS ‘
© Plasma {rom normal fadividuale and patients with vavious disorders was
. sspayed, using the FedY red.cell-fncorporation assay in hypophysectomized
~ rats. The resulte are summarized in Table I, Plasma from four of the 22
patients increased the redcell dncorporation of radidiron above that seen
. following injection of rormal plasma. Three of theae 4 patients had 2 deéreased
 rate of red~cell production {Cases 1,3, and 4). Case 2 had a hemolytic eyndroms,
- with an-averaga red.cell life span of 30 days. i ' :

© - As hag been reported previously, some patients with high plasma activity
. have h'g%h levels of erythropoietic a‘egvity in their urine. 14 Table IT presents .
the Fe”? red-cell incorporation following injection of 1 ml of urine from normat
- individusls and patients with various hematological disorders as assayed in :
- hypophysectomized rats. It ce%ba seen that § mi of normal urine does not in.
‘eredse the incorporation of Fe”’ into red cells, but that five of the 14 patients
showed deflnite erythropoietic activity in the urine, Two of the patients -
showing high urinary activity had previously been found to have high plasma
ectivity (Cases 1 and 2) and two had been found to have sormal plasms activity
{Cases 8tinnd 10). - Also, two who head high plaema activity were found to have
normal urinary activity (Cases 3 and 4), o : '

-:2 -~
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ooy

Effect of 1 ml of plmma from pattents with- varieus hema&ological d&sotdeu on

ra&ioiron incorporation into red cells of hypophysectomizad rats

Cage No. Dgagx_mgio
S |

S I AR Y

D D0 BV 1w o b b e b g e e g

s osa) Inu rpretauon

Erythroid hypopiasis '

- ‘,";,Splenic syndrome

Aplastic anemia

- Aplastic anemia
~Aplastic tnemia

Aplastic anemia

- Aplastic anemia

Aplastic anemia

- Aplastic anemia ,
Paroxysmal noctarnal hemoglobinuria
‘Polycythemia vera

Polycythemia vera
Polycythemia vera
Polycythemia vera
Pa‘lycythémia vera
Folycythemia vera

" Polycythemia vera

Polycjithemia vera
Hemolytic anemia
Multiple myeloma

Secondary polycythemia

Noemal

Uninj#cted control

Cﬁmnic'r tymphatic leukemia

$1.7% 6.1
45.56 2 12.5
41.0¢ 1.3
40.12 8.6
2719+ 1.6
32.6 ¢ 6.8
17.9+. 5.3
25.2 % 10.8
208« 7.9

30.1 & 10.6

19.4+ 8.8
16.0
26.0
31.0
31,0
31,0
28,0
- 28.0
12,5¢ 5.6
1942 9,0
21.7¢ 7.9
14.9% 8.4

144

High .
High
‘High
High

, Norixml

Ncrtgll

Normel .

Normal
Normal

~ Normal
Normat

Normal
No rmal
Normal
Normel

‘Normal -

Normal

Narmal o

No rmal
NQ _rmal

" Normal
“ Normal
7.1 (68 animals)

5.2 (414 animals)

iu3-'
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Table X

Effect of 1 m1 of urine from patients with various hematologicel disorders on
radioiron {acorporation into red cells of hypophysectomized rats

Feo5? uptake

Case No.  Diagnosis = . | (% injected dose) Intsrpretation
2~ Bplenic syndrome o 48.9% 8.4 “High
! Erythroid hypoplasia 2622 7.0 High
10 Paroxysmal nocturnal hemoglobinuria  29.9 & 6.4 High
23 Fancont syndrome = o 19.949.8. - High
8 Afpastic anemia i 1‘9{.,1 e 8.2 . High
4 Aplastic anemia ' 8.8& 11.8 - Normal
7 Aplastic anemia "8’:.?‘&' 4.6 Normal
-3 ' A‘pt#ﬂtic aneméia . 1082 4.8 Normal
9 Aplastic anemia . - 9.9& 10.0 - Normal
24.  Polycythemia vera 7.94 4.5 Normal
11 Polycythemia vera 5.6 2 4.8 Normal
25  Secondary polycythemia - .42 6.7 .- Normal
2l Secondary polycythemia | 11,54 8.8 " Normal
20 Multiple myelome 6.6% 3.5 . Normat
‘A Normal denor. S 5.2¢ 2.9

B Normal donor ] ' 644 9.0
< Normal donor R 3.2 5.4
D Uninjected control I T4 5.2

.
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Because t?g 'Fe”i red-cell-incorporation assay mey give false e
positive results’” and bacause of our own observation that 1 ral of boiled
milk will give a definite response, it sesmed esseatisl to test the urines which
showed high activity by some unequivocal methed, We have previously reported
thot administration of active urine for 14 days to norinal adult rata will produce
~ a polycythemiia, 14 gnd Medici et al. have reported that plasma from patients
. with Cocley's anemiia was not only effective in iricreasing Fe 9 {ncorporation,
but prolonged nistration to normal rats resulted in the production of a
polycythemia, In the present study, the urines that were found to have high
‘activity by the ¥e39 ved-cell.incorporation assay were extracted by ultras’ ,
filtration and administered to normal adult female rats for 14 days. On the
fifteenth day the total circulating red.-cell volume was determined by the labeled
red.cell«dilution method. Table IIf compares the results obtained with urine
cxtraeg-mm four of the patiente previously found to have high wrine activity by
the Fe?7.incorporation sssay with the results obtained after exposure toa .
simulated altitude of 15,000 ft for 14 days and admiaistration of saline. Itcan =
be seen from the table that urine extract from three of the four patients produced
a polycythemia which exceeded that produced by a simulated altitude of 15,000 & -
f&r the same period. Of the three patients who showed high urinary levels by the
~ red-cell.volumeé assay, all had shown high activity in ghg,;_urine and two (Casss 1
* and 2) hed shownihigh activity in the plasma by the Fe®9.incorporation assay.
Urine from the fourth patient (Case 81),. who had consistentlty shown high urinary
_ activity and rormal plasma activity by the Fe59 assay, was found to be .
" sgsentially inactive when assayed by the red.cell -volume miethod.

~ Of the patients who were found to have elevated levels of erythropoietic
activity by any of the criteria used in this study, two had hemolytic disease with -
- low hemoglobin and very active marrow, and five were of the hypoplastic type,
~ with a low hemoglobin and a hypoplastic marrow, - '

. -~ From the studies available it appears that a marked elevation of )
erythropoietin in the body fluids may be found ia severe anemia but that 2 high'
{evel of erythropoietin does not consiatently accompany severe anemis. " There
7 ] guals in which elavated
fevels have been found to indicate in which cases of anemin one might expect -
clevated lavels of erythropoietin, Positive results have bean obtained tn -
approdmately half the cases studied, thoge with hemolytic anemia belng more

‘. -consietently positive. Because not all severely anemic patients show an .
. elevation of erythropoietin in plasma or uring, it must be admitted that we do not -

- as yet understand the physioclogical or pathological mechanisme respotaible, One
‘must consider the possibility that some aplastic anemias exist becauss of a
failure in production of erythropoiatin, - : -

. With the demonstration that adequate amouats of highly potent :
erythropoletin can be obtained from the urine of some anemic patients, such . )
material has been accumulated for biological and chemical investigations. The
erythropoictin vsed in thase studies was prepared by ultrafiltration from the
urine of the following two patients: ' : '

S T
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" pable 11

'y aovicmdn

- ,Hematologicai reeponee of normal rats to 14.day injoction of urine concentrates
.~ {rom patiente with various hematological disorders compared with response of
nermal rats exposed to aimulated altituda of 15.000 £t for 14 days (7 zats

e group)

Increase in

Casge No. Diagnosis | Dose per day total red.cell whrms
. o : {mg) - (% above control)
‘1 Erythroid hypoplasia 2.0 49.6

.2  Bpleaic syndrome o 1.3 - 37.0

10 Paroxysmal nocturnal hemoglobinuria 2.0 . - 34.4
8 - Aplastic anemia 2.0 7.5

Hypoxic animals . 28.6

,Saline _ o 0

n6uﬁ .
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. Case 1 is an l1.year.old Caucaeian female firat found to be anemic at

" the age of 1 1/2 months.  She has received approximately mounthly transfusions . -
since then, and the hemoglobin has been maintained at 5 to 7g. Whea firet
examined {n this laboratory five years ago, the skin color was found to be
grayish.tan, the retinae and rmucous membranes psle, and a hemi¢c murmur was
aoted. The liver and spleen were not palpable at that time, but more recently
some enlargement of the liver, and to & lesser degree the spleen, has been noted.
The erythrocytes are normocyti¢c and slightly hypochromic, and the reticulocyte
count less than 1%. The leukocytes and platelets are within normal range. The
aucleated red cells in the bone marrow are less than 2%, with a normal leukocyte
distribution. She has shown no response to trials of cobalt, ACTH, riboflavin,
and other conventional fornis 3% therapy, such as liver and vitamia B,,. Ina
recent determiunation by the P““-tagged-cell method, the red-cell volime was
io?d to be 10.7 cc/kg of body weight (normal, 24 to 33). In vivo studies with
Fe3? showed that the bone marrow failed to accumulate and release iron for
erythropoiesis. The survival of the transfused erythrocytes appeared normal.

. Cese 10 is a 24.year-old Lebanonese student who had been in good health
until T years ago, when symptoms of anemia first appeared and he reported pink
urine. He was refefred to this laboratory for study in May 1957, soon after his
hemoglobin had reached a low of 3.5 g. The diagnosie of paroxysmal nocturaal
hemoglobinuria had been made on the dasis of a positive Ham test, the Crosby
test, hemosiderin in the epithelial cells of the urine, persistent anemia,
reticulocytosis, and marrow erythroid hyperplasia. On physical examination,
his skin was observed to have a buff.ysliow color, there was conjunctival pallor
and slight left cardiac enlargement with a grade -l precordial systolic murmaur.
The liver and spleen were not palpable. He has & macrocytic anemis, and
" hemoglobin ranges from 5 to 7 g. Moderate hypochromia and some degree of
anisocytosis and poikilocytosis has been noted. The reticulocytes range between
3 to 19%. Moderate leukocytopenia is preseat. Total serum bilirubin (Van den
Bergh) was 1.868 mg% {direct 0.264 mg% and indirect 1.604 mg%); urine .
urobilinogen wae 0.33 mg%/24 hr. aagg.cen volume was 16.4 cc/kg of body
weight (normal, 24 to 33). In vivo Fe”’ studies revealed an iron-deficiency
state and increased marrow erythropoiesis (about twice normal), with a secondary
accumulation of iron in the liver and spleen. The mean erythrocyle life span was
27 days. : ' ' . S ‘

. The material prepared from the urine of these two patients has consistently
- produced an increase in Fe 9 incorporation and total red-cell volume in rats,
- 1n order to determine the raage of species in which this urinary erythropoietin
is effective, mice, rats, rabbits, dogs, and monkeys were given a dose of -
. urizary erythropoietin ranging from 1.3 to 12.0 pg per gram body weight on two
" successive days. Twenty-four hours after the second injection, these animals
~ and sn equal number of controls were given a tracer dose of Fe3? intravenousty.
A sample of dblood was removed 16 or 24 hre later and counted for determination
of the percent incorporation into ¢irculating erythrocytee (Table IV). It was
. thought.: that the 16-hr interval which has bsen found satisfactory for rats might .
- be too short in the case of the monkey. For this reason samples were collected ' -
at 24 hrs at which time the injected monkeys showed an-increase, suggesting that -
within the variation of the methad, the species responded similarly. Inorderto
- demonatrate conclusively the degree of erythropoietic stimulation represented by
such a change in iron metabolism, groups of 10 mice, 6 rets, 2 rabbits, and 1
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Table IV

" Bffectivencss of urinary erythropoietin in mammals judged by increase in

Fe®? red-cell incorporation

No. of animele | ' Dose Fe3’ uptakea
(mg} (%)
| Countrol - . Treated
Mice (10) B % TR 23,7672  54.5%8.8
Rats (10) 2.8 23.02 67  61.0% 44
Rabbits (2) v 16.0 32.6 - 48.8
< ' . o o 13.8 - 46.0
Doge (2) ' 20.0 49 6.7
. Monkeys (2) ‘ 20.0 . 2.4 - 9.2
- | 17.8 23.0

®16-hr uptake. except for monkey, which was 24.hr uptake.

8.



UCRI1.-3997

monkey were given daily subcutaneous {njoctione for 14 days. On the fifteenth

day the total circulating red-csll volume was determined (Table V). The daily
+. . administration of this material for 14 days resulted in a 26% increase in the
om0 0. totel eirculating red-cell volume in mice, a 50% increase $n vats, a 30% in-
e crease in rabbits, aod an 11% increase in the monkey. Such responses in

.. normsl snimals unequivocably demonstrate the erythropofetic potency of this

- material, _ S | . S
L As a preliminary to any chemical characterization of this material, it was
Jif . necessary to know the dose.response relationships by the use of the Fe' 4.- * '

© .. ¢ incorporation assay. For this purpose the effect on Fe59 incorporation of urinary

erythropoietin in doses of 0.06 to 4.0 mg per day for 2 days was determined in.

- groups of 10 normal rats. As canbe seen from Fig. 1, the dose.response curve
~is velatively flat and one standard deviation is such that a several.gold difference

- in activity could not be accurately determined.

7. In order to recover the material collected on the collodion membrane after
ultrafiltration, the membrans is dissolved in ether and alcohol, leaving the
residue behind as an insoluble material. Thusg, in the first step one finds that

© - the exythropoietin is not soluble in ether of alcohol, Suck an ultrafiltrate of

.. urine is kuown to contsin approximately 50% carbohydrate and 80% protetn, 16

4 The residus re'ttins activity when piaeed in a bofling-water bath for up to
o Q&;’:’a’am. (Table VI ). If the active priaciple {8 a proteia, this degree of resistance
to boiling suggests an unusual clags of protein. '

The effect of trypsin digestion on the activity of the urinary erythropoietin
S was investigated. Seventy-flve mg of residue from ultrafiltration was dissolved
e ‘ in 75 ml of saline and adjusted to pH 8, Twenty-five ml of this eolution was
. frozen.to be testod as the starting material 25 ml was incubated under toluene at
rooir: témperature for 8 heg; and 25 ml was incubated with 3 mg crystalline
trypsin-ander toluene at room temperature for 8 hrs. The results are summariszed
- in Table VIL. There was 4 definite loss of activity in the trypsin-treated portion,
suggesting that erythropoietin contains peptide bonde within its structure. - However,
the loss of activity is not complete even after relatively long digestion and high
enzyme -substrate ratio, which again points to some unususl class of protein,

, _ A solution of active material from ultrafiltration was brought to half
saturation and then full saturation by the addition of ammonium sulfate. The
material was thus divided into 3 equal parts, two precipitates ang the supernatant,
as judged by optical density. . Assay of these fractions by the Fe®9.incorporation
method showed that the activity was equally distributed in the two precipitates and
that no sigaificant purification was achieved. o

In zone electrophoresis on starch in a veronal buffer at pH 8.4, the
activity migrated ahead of the position of the albumin-like componeat of urine.
In experiments carried out with continuous-flow electrophoresis on a hanging
curtain in 0.01 N acetic acid, evidence was algo obtained for marked mobility
toward the anode. These results indicate an isoelectric point at pH 4.5-or

below,

iga
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" Effect of injection of urinary exythropofetis in normal animals for 14 daya -

L

Neofdhimﬂt S o Daﬂ& ﬂo@e o © Increase fn. .
S T . T - {mg) total mé,;cé-l‘l volume
T . . | ‘:0). .

Ciamesany - es 264
.. Rets(®) . 20 496
T mebbts (2. 0.0 o 29.8
 Movkey(t) . . se.0 . SR

i
e

. e
Jo e

«10 -



UCRL-3997

7 Table VI

e A R A

t

ﬁ_:{'_ 'Effect ol bamng en the erythmpaieuc activity of the msiéue from ultra-
filtratian (teeted in nermal rata) -

. Trestmeat S .zr”up:m
- S | - (%)

;.f‘fﬁtarzins matertsl L aes10s
7 Boited 5 minutes o 4494 8.7
" 'Dotied 15 minutes T VW P

¢ “Uninjected control - . 2602 6.7

~11-
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Table VI

N Trypsin digestion of urinary erythropoietin as measured by Fe’).
iaéorporati-on in red cells (10 rats per group) ,

59

L “Treatment S _ , ' Fe~’ uptake
T : ' ' (%) '
‘. Starfing material . | 45.6  11.8
,Ihcubated at room temperature for 8 hre . 45,1« 1.8
.irici:'bated with trypsia at room temperature for 8 hrs 36.0 = 15.6
) “Salinc-_id}ectedcontrol' » 21.7 % 10,2

-12-



e '-'-i"',."}érythmp@ieua is that of Rambsch, et al.,

C WL REeedTT I

L Wheu the retidue ie dissolved at & conconeraaon of zo mg per ml and the

. pH of the solution adjustad to 3.0 with 0.1 N HC1, a precipitate, atnounting to

.20 to '30% of the material, i formed. - This precipitate coatainn i.he activity, .
. j as. zmaaured by the red-cell-wolame apsay: - v ,

?he mest recent work on the chemic f" characwna%cs of gxe plasma
7 who find evidance that the

o ﬁ‘f‘ff';,erﬂhmpaieﬂc activity of plasma is {n the form of a mucoprotein traveling with
an alpha<2 glebulin., This plasma erythropoietin resicts boiling ead ia -

" éxtractable with 5% perchloric acid, which is a characteristic of mueepmteim.m

o “The. fact that the urinary erythropolétin ia neither precipitated noy inactivated on

- bafling, ie not completely déstroyed by prolonged digestion with trypsin, is
.precipitated 4t pH 3, and is presént in the residue remsiaing after ultra-

- filtration which contains a lurge amount ef carbohydrate mggean that the urimiry

:tmctlons tmm normal hum%% plagma obtained from Schmid,

- mn&eﬂat m&y be & mucopfro:ein.

On the basie of these obeervationa a series of highly ptﬁiﬁed mucopmtein
0 vwingler and

o ‘5% ciaten, 21 and Deutach; 42 weze assayed for erythropoietic activity by the
T «ncorporation method (Table VIII). ‘Asz can be seen from the teble, the
;“only {raction that had any an%feaﬁon of activity wae the Zn ay fraction from

[ Schmid. Becouse theee {ractions represent the range of mucoproteins in normal

| "‘*pla:sma. it is & question whetber erythropoictia is not represeated here or

E whel’her ad. rmal plasma does uox mnmm measurable amounts of erythrapoietin.
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Table VII

1-"’¢bmpariacn af erythmpoietic activity of highly purified mucoprotein fractiona .
+. from nérmasl human plasma %nd urine concentrate from a case of hemolytic 5
< .auemia. By the use of the Fe -ineorporation assay _ ' _ A

kY
}

. Matesisl- - No. of asimals  Total dase %% uptake
AR S (mg) SR

zn az e 10 18 '. 3¢.5 2 11,3
SRt aVI barium precipﬂtat@ B {1 : . 50 ‘ 32,14 11.3
v ai ‘Actd glycoprotein ] 10 '} 313 % 14.8
Qmsémﬁcoid o 10 _ 25 30.1 = 13.0
Fetsn . - 10 . 2% . 2342 9.6
‘,"'::,U;rine concentrate 4 10 3. - 511 6.6
S Uningected ‘controls - 20 . . 28.1%10.8

«14-
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SUMMARY AND CONCLUSIONS

L OfF 28 pdtzet}ﬁf with varioue hematologic and other disorders who were
. studied by the Fe”’-incorporation acsay, two showed high levels of ‘

- erythropoietic activity beth in plasma and urine, .two showed high levels in
.+ the plasma hat no activity above normel in the urine, and 1 showed high activity
‘= g the uring but no increase in activity sbove normal in the plasma. The :
- significance of the elevated urinary activity wes further demonstrated by xmecting
L entracts of the urine from those patieats who showed high erythropoietic activity
.. bythe Fe59 assay fato normal rats for 14 days. The urine of three of the four -

- - . patieats tested in this way produced a polycythemia that exceeded that produced ™
by axposure of normal rats to a sirmulated altitude of 15,000 ft for the same
. period of time. Itis suggested that our knowledge of the mechsnisms

 “» " responsible for an elevatad erythropoistin in the body fluids may be advanced
. 'more quickly by the simultanecus assay of both urine and plasma 6f patients

2:9 various hernatological disorders and by evaluating the sigaificaace of the
reﬁaceu-incorpotation assay by determining whethar those samples that
o .’appeax to be active are capable of producing ap&ysythemia when injected into
SR normal rats,

S Erythropaieticauy active material prepared from the urine of one case of

- apl.assic Bnemia and one case of parexysmal nocturnal hemoglobinuria was

s gffective in producing 8 polycythemia in normal rats, mice, rabbits, and one
B moukey when given daily ior 14 days. .

s The fact that the urinary erythropoietin is naither precipitated nor
e maetivated on boiling is not completely destroyed by prolonged digestion with
-7 trypein, is precipitated at pH 3, and is present in that part of the residue

‘.. remaining after ultrafiliretion that contains a large amount of carbohydrate
.. euggests that the urinary erythropsietin may be & mucoprotein, Similar

- evideace, along with the demonstration that plasma-.erythropoietin activity is
*. soluble o 5% perchloric acid, hes suggested that the plasma erythropoietin is
. . alse & mucoprotein, Evidence is presented, however, that indicates some
c «-aiffereacés in chemica% properﬁes of plagmea and urinary erythmpoietins.
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