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BlCL AND CHEMICAL cHCTERi1Cs 
br 17UNA LLT XXTMI bO IU1 

P.C.. 	D1e, 3• F. Qj *3 
if Lawrence5 . 

The remarkable constancy of red.celi number and red .c.11 volume In the 
normal organism indicates that a regulatory rnehantsm must exist that 
maintains the number of circulating erythrocyteo at a constant level, stimulates 
erythropoiegls aft-sr hemorrhage or exposure to an atmosphere of reduced 
oxygen teuaion, and Inhibits the production of red cells alter ,  hypertranefu.ion. 
That the mechanism set In motion by a change In oxygen tension I. partially 
hormonal was indicated by 1njecon of plasma from a bled rabbit Into a normal 
rabbit by Gartiot and Deflar&dre.' The intense recent interest In this subject was 
initiated by the parabiotic cros.4rsasfuslon experiments of Releemann,' which 
demonstrated the presence of a humozal substance controlling erytbropoiesia. In 
these parablotic experiment., the bone marrow of a normal rat was stimulated 
throtgh blood recótved, from a hypoxic partner 

• Since the work of Reissrnsnn, there have been many reports of an erythro.. 
poiettc stimulant found in plasma following adminIstratIon of phenylbydrasine or 
after bleedIng. .' Hodgion and T6ba 5  reported that an erythropoietic factor 
could be found In the urine a; well as the plasma of rabbi'to made anemic by 
bleeding. Qoidwaseer St .1. ° reported erythropoletic activity In the plasma of 
rats alter treatment with cobalt. 

Report, from several laboratories have provided ample evidence that 
the level of erythropoletln In th&clrcu1ation is consjderably elevated In crt&tn 
cases of anemia. P1lt.ro ci *1 'and MediCt et .1. have demonstrated 
erythropol,ttc actIvfty in the Uhtrate of boiled plasma from several cases of 
Cool.?s anemia, one of two cases of bypoplaatic anemia, and one of two patients 
with sickle-cell anemia as judged by stimulation of eryibropolesla In normal 
recipient rats. A similarly prepared extract of urine from one of Cooley's 
anemia subjects was also active. Girney at *t.9 and Prentice and MIrand. 10 
using the incorporation of F'e 59 into the red blood cell, of either hypo.. 
physectomixed or starved rat., have demonstrated an increase in orytbropoieiic 
activity of plasma from patients with hypoplastic anemia, pernicious 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 cOncentrate of urine from certain snot ic patients. 

Laboratory of Biophysic, and -Medical PhysIc. and Donner Pavilion. 
UnIversity of California, Berkeley, CaUlo rnia 	 - 
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Injected datty for.14 days into normal adult rats. will pToduce a polycythemia 
• 	that exceeds that resulting from exposure to a simulated altitude of 15.000 for 

the lame period of time. These observations have led to the routine 
examinatton of both the plasma and urine of patients with i variety of 
•hernatelogtcet and other disordere. 

MATE1AL AND METHODS 

The erythropoiettc activity of plasma and urine samples was aSsayed in 
either y physectomisid or ñormat rats of. the Lofl -Evans strain by the effect 

• en Fe9 ' irorporation into red clii. after Z days of injection. III or the effect on 
total ciculsttng red cell vàtume as measured bjr the lbeted cell-dilution 

• methOd' after 14 days of Injection. 8amplea of blOod were collected in a 
Parinised .yringe andoentWuge4 for 10 minute., and the plasmt was removed 

and frozen:untlt injeóted.. The plasma was not proeessed further. The urine. 
samples were frozetk immediately on coflection piid Injected for assay either as 
nativeirt4e or as the residue from uftr*ftltraton prepared.hy.the me hod of 
.orbman. 3.  All .eamplei were tAjected.ubAUtaneous1y, and female rats were 
used throughout this study. The bypophysectomised sniz3a1 were oper*ted at 
21 days of age and used for the assay 8 days latera Normal rats weighing 
between. 150 and ZOO g were used for the remainder of the assays. 

• . 	
.• The l6bour i4diolron lacer óraon assay has been used inthø Studies 

asa screening test for erythropoietln, and an increase in the tOtal red.cell 
vOlume In .ormal rats ha.. been considered unequivocal evidence for 
erythropoietic stimulatiOn, 

RE$tfl.TS 	. .. .... 	 . 	 .. 

• Plasma from norqal individuals and patients with various dieorder was 
aeayed, using the i'." re4cell .ineorporatiOn assay In hypopysecto.mtsed 
rats. The results are sun,martged in Table I. Plasma from four of the U 
patients InCreased the red.ceU.4ncorporatlon of radloiron above that seen 
following Iujectton of normal plasma. Three of these 4 patients had a decreased 
rate of r.d.cefl. jroduction (Cases 1,3, and 4) 	 ytic Case 2 had a hemol 	syndrome. 

anavlraga redcelIlUe epati of 30 days. 
• . 	A.. ,  has be*n reported previously, eotie patients with bigb.ptsema activity 

have I4njt ievelg of erythropojotic activity In.tbetr urine. 4  Table 0 presents 
• • 	the Fe' red-cell Incorporation following injection of 1 ml of urine front normal 

• . . IndividuaLs and patients with various hornatological disorder, as assayed In 
hypohysectornIr.ed rats.. It cs,be seen that I ml of aorm4 urine does not in. 

• 	• crease the incOrpo ration of. F'e 7  into red cells., but that ftve of the 14 patients 
• . 	showed defiflite erythropoletic activity in the urine. Two of the patients 

showing high urinary activity had previously been found to have high plasma 
• • . activity (CaiOe .1 an4 1) &nd two had been found to have normal plasma activity 

(Cases 8and 10). Also, two who bed high pisema activity were found to have 
normal urinary activity (Cases 3 an4 4).. 

• -2- 

F,11_1" 
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Table I 
- 	 -- 	 -- • 	.. 	 V. 	 - 	 - 

Effect of I ml of plasma frompatients with various bematologlc&I disorder. on 
V 	radioiron lcorporatIon into red cell. of hypophysectomized rats  

CaaeNo. lute rpre atlon 
mew 

- 	
I •Erythroid hypi 	 - 51.7  

2 Sptenic syndrome 45.5 ± 12.5 High 
V 	3 Aplastic anemia- 	. 	- 41.0 * 7.3 . 	- HIgh 

4. 	- Aplastic 	 . 	. 40.1* 8.6 High 

V .Aptasc anemia 27,9 ± 74 . Normal 

6 ApIaetfc anemia 	 - 324 *. 6.8 NormaL 
V7 ApiasUc -anemia 	. 17.9 ±. 5.3 Noral V 

- 	8 Aptastic anemia 25.2 0 lO8 Normal 

V 	 9 Aptastic anemia 	 V zo-.a * 7.9 Normal 

V 	 10 Parozysmat nocturnal bemoglobinuria 30.1 ± t0.6 V 	Normal 
. 	

i 	V  'Pclycytbemia vera 19.4 8.8 
V 	- 	NO*XU1 

i'z 	V Polycythemia vera- 16O Normal 

• 	. 	13 Polycythemia vera 	 . z.-o Normal 
V 	V 	14 Polycytbemia vera 	 . 31.0 Normal 

• 	- 	• 	IS Pelycythemiavera 31.0 . - 	Norm-al 

16 Polyeythemia vera 31.0 .  : Normal - 
17 	V - 	r 	-.. 28.0 . T.ormal 

18 olyc4bemla vera 38.0 Normal 

19 Hen%olyUc anemia 	V 12.5 ± 5.6 Normal 
V 	V 	

20 	V Mal-tiple myaloma 	V 1.4 ±- 9.0 Normal 

V 	- 	21 Secondary polycythomia 	 - Z1.7 ± 7.9 Normal 

• 	. 	33 chronic: lymphatic leukemia 	 - - 14.9 ± 8.4 
•V 	ormal 

Na rat 
	

25.6* 7.1 (65-animals) 

V 	Uniujected control 	V  	5.Z (414 an zr ale) 
- 	-,_•__V___V 	 - 	•• 	- I__S._4r- 	-. 	_.___ - 	- •-- 

	

:___ - _VV_V • ... 	- 

.3. 
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Tablet! 
- 	 - 	 .-- 	 - 	 ---. 

Effect of I ml of urine from patients with various hemato1Oicat disorder, on 
radioiron tacorporetion into red cell, of hypopby.ectornized rats 

- 59 Feptako 
Case No. Diagnosie (% injected dose) Interpretation 

Splenfc Iyndrrne 48.9 ± 	8.4 Htgb 
iT Erythrotd hypoptasia ZLZ * 	7.0 

10 aroysma1 nocturnal hemolobLnurta 29.9 ± 	6.4 Hig1 
23- Fanconl. syndr .me 199* 	98 . 	flig 

8 AbsUc anemia 19.1 ± 	8.2 Righ 
4 Aplastic anemia  Normal 
I Apiastic anemia 4.1 A 44 Normal 

Aptestic anemia 	. 1068* 	.4.8 Normal 
9 Aplastic anemia 99 * 10.0 . 	Normal 

24- Potycythenita vera 7.9* 	45. 	. . Normal 
otycythemia Vera 6.64 	4.8 Normal 

25 Secondary polycythemia 	. 8.4 a 	6.7 . 	Normal 
Secondary potycythemia 11.516 	88 Normal 

20 	. 	. Multiple - tome 6.6 * 	35 Normal- 

A Normal donor. 	.- . - 	542* 2.9 
B 	. 	. Normal donor 	. . 	6.4 e 9.0 
C . 	Normal donor 	 . 3.2* 5.4 
D 

-:------ 

Uninjected control 7.4 a 5.2 

-- . - i. ---- 	 .---- .-. -.. 	 --.--- 	 -. 

-4- 
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• 	 50 	 . • 	. 	B. 1auee t; Fe '.red-ceU4ncorporätion assay may give false 
• . 	positive results 'and because of our own observation that 1 ml of boiled 

milk will give a definite •respoaae, It seemed eseatiat to test the urinee which 
showed high activity by eoe uneq.uivocat method. We have previously reported 
that administration of active urine for 4 days to nor1 adult rats will produce 
a po1ycytheiIia, 14  and Medial et at have repóncd that plasma from patients 
with .Cooley's anemia was not only effóctive in inrasingFe 59 incorporatiOn. 
but prolonged dwinitratton to normal rate resulted in the production of a 
poIycythemia. In the present study, the urluea that were found to have high 

• 	activity by the. e 59  ,red..cclt4ncorporatton assay were extracted. by ultra- 
• 	filtration and admlni,te.red to normal adult female rate for 14 4ay.s. On the 

• 	fifteenth day the totalcirculating red.call volume was determined by the labeled 
red.ce1l4iluUon method. TftbIe 111 compares the results obLained with urine 

• 	extrac4jrom four of the patietite previously found to have high rine activity by 
• • 	the • Fe'7 4ncoporatton assay with the results Obtained after expesure to a 

simulated attitude of 15000 ft for 14 4ays and administration of saline. It can 
be seen fron the table That urine extract from three of the four patients produced 
apotycythemia which exceeded that produced by a simulated attitude of 15,000 ft 
fOr the same period. 01 the three patients who áhowed high urinary levels by the 

• 	red-ce1lvo1ume assay, all had sliown.htgb activity In çbo urine and two (Cases I 
• and Z) had showuhigh activity in the plasma by the E&'9-incorporatlon assay. 

Urine from the fourth patient (Case 8), who ha consistently shown high urinary. 
• activity 

and 
 normal plasma activity by the FOSV assay, was found to be • 

essentially inaUve when aarayedby the redce1t-voIurne method. 	 • . 

Of the pa*iants who'were found to have elevated levels of erythropoicti 
• • activity by any of the .crite i&.ueedin this etudy. two had hemolytic disease with 

• • low hemoglobin and very Mtive ;marro,. and five were of the bypoptastic type.. 
with a low hemoglobin and a bypóplastic marrow. 	•• 

roxn the studied available it appers that a marked elevation of 
erythropoietin in the body fluidS ay be found in severe anemia but that a high 

• • level of erythropoiotin does not consistently acOompany severe anemia. Thore 
• Lè nothing apparant.in thecUnial history of the individuals in. which elevated 

• levels have been found to indicate in which cases of aneitia one might expect 
elevated leveta of .erythropoietin. Psttive result have been obtaine4 In 
approtmately ball the cOos studied, those with betnol1ptic anemia being more 
onetstently positive i Becanee not all severely anemic patientS show an 

• OlevattOn of èry4ropo 	 a letin in plasm or urine, it must 'be admitted that we do not 
• as yet understand the physiological or pathological mchanisms responsible. One 

ust consider the possibility that soireaplastic anemias edSt because of a 
failure In produation of crythropotetln. 

• 	. • With the deznonetrattOit that adequate amounts of .bigty potent 
crythropoietin can be óbLaiaed from theurine of some atemlc patients, such 
material has been accumulated for biological and chemical. investigatiOfl. The 
e.rythropoietin used in. those studies was prepared by ultrafiltration from the 
urine of the foilowirig,twO patients; • 	, 

45. 
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Table III 

Hematological response of uormat, t5t$ to 14.d*j injøction of 2tine ConcentratCa 
from patients with various bexraatologtcsl disorders compared with response of 
normal rats expo€ed to simulated attitude of 15,000 ft for 14 days (7 rate 
per group) 

Zncreaee In 
Case No. 	Diagnosis 	 Dose per day total rodcelt*n 

• 	 (mg) 	(% above cortiol) 
• 	 - 	 - 	 -. 	 - 	 -- ---- 	- 	 - 	 . 	 -. - - -_- 	

- - 

• 	 Erythrold hoplss1a 	- 	 10 	 496 

Splentc tyndrome 	 1.3 	 37.0 
• - 	-10 	Paroxysmal Qocturnai hemoglobinuria 	Z.0 	 34.4 

- 	8 	Aptastic anemIa 	 2.0 	 7.5 

	

- 	 - 	 - 	 - 

Hypoxic anWiale 	 28.6 

	

• .. Satino 	 - 	 - 	0 

-- - 
- 	 -_-__ 	-- 	 - 	 -- 

1- 

.4' 
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Case 1 is an 11 ..year old Caucasian female first found to be anemic at 
the age oITi/2 months. . She has received approximately monthly traustons• 
since then, and the hemoglobin has been maintained at 5 to 7g. When first 
examined in this laboratory fIve years age the skin color was found to be 
grayiah..tan, the retinae and mucous membranes pale o  and a hemic murmur was 
noted. The liver and spleen were not palpable at that tim., but more recently 
some enlargement of the liver and to a lessor degree the spleen, has been noted, 
The erythrocytes are normocytic and slightly hypocbromtc, and the retictilocyte 
count less than 1%. The leukocytee and platelet, are within, normal ranged The 
nucleated red cells In the bone marrow are baa than 2%, with a normal leukocyte 
distribution. She baa shown no response to trials of cobalt. ACTR, riboflavin, 
and oth.y conventlon$L forms q(  therapy. such as liver and vitamin B,. In a 
recent determination by the P"-tagged-cell method, the red-cell voWme was 
foupd to be 10. 7 cc/kg of body weight (normal, 24 to 33). In vivo studies with 
'39 slowod that the bone marrow failed to accumulate anrTise iron for 

orythropo*eals The survival of the transfused erythrocytee appeared iormal. 

Case 10 1. a 24.year-old Lebanonsse student who had been in good health 
until z rears ago, when symptoms of anemia first appeared and he reported pink 
urine. He was referred to this laboratory for study in May 1957, soon after his 
hemoglobin had reached a low of 3.5 S. The diagnosis of paroxysmal nocturnal 
bernoglobinurla had been made on the basis at a positive Ham test, the Crosby 
test, bemo.14er1n in the epitbellal cells of the urine, persistent anemia, 
reticulocytoels and marrow erythroid hypexplasia. On physical examination, 
his skmnwas observed to have abuif yellow color, there was conjunctival pallor 
and slight left cardiac enlargement with a grade..I precOrd&al systolic murmur. 
The liver and spleen were not palpable. He has a macrocytic anemia, and 
hemoglobin -ranges from S to 7 g. Moderate bypockromla and some degree of 
anisocytalis and polkilocytosie has been noted. The reticulocytee range between 
3 to 19%. Moderate leukocytopenta is present. Total serum bilirubin (Van den 

ergb) was 1.868 mg% (direct 0.264 mg% and indirect 1.604 mg%); urine 
urobilinogen was 0.33 mg%/24 hr. Re.cell volume was 16.4 ccfkg  of body 
weight (n&rrnal, 24 to 33). in viva F'e" studies revealed an iron-deficiency 
state and Increased marrowiropoiesis (about twice nor at), with a secondary 
accumulation of iron In the liver and spleen. The mean erythrocyte life span was 
27 days. 	, 

The material preparei from the urIne of these two p*tients has consistently 
produced an increase In Fe ,2v incorporation and total redce1l volume in rats 
In order to determine the range of species in which this urinary erythropoietira 
Is effective, mice, rats, rabbits, dogs, and monkeys were given a dose of 
urinaryerythropoietin ranging from 1.3 to 12.0 ag per gram body weight on two 
aucceasive days. Twenty-four hours after the second injection, these animals 
and an equal number of control, were given a tracer dose of re 59 intravenously. 
A sampl, of blood was removed 16 or 24 hrS later and counted for determination 
of the percent incorporation into circulating erythrocytes (Table IV) It was 
thought that the 16-hr Interval which has been 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 -vi%ri&d*ftL of the method, the species responded similarly. In order to 
demonstrate conclusively the degree of .rythropoletic stimulation represented by 
such a change in Iron metabolism, groups of 10 mice, 6 rats, 2 rabbit., and I 

-'7- 
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• 	 Table jr 	 . 

	

-.. 	t 	 --•..-- 	 u..-.. 	 - -- 	 - 

-- --- --- - 	 .--.- 	 -- 

Eifectiveneoa of urinary erythropoietitt in wam .mals judged by inicrease in 
Fe59  rad-Gel incorporation 

p - 	 - - 	 - 	 -.---- - - - -• 	 - 

animate 	- 	 • Dose 	 Fe 59  uptakea  
• 	(mg) 	 (%) 

- 	- - 	Control 	- 	Treated 

-- 	•-- 	- 

-Mtcc(10) 

--- 	- 

• 	 0.3 	• 	 - 

. 

23.7*7.2 545*3 

- 	 Rats (10) 2.8 23.0 	6.7 61.0 * 44 - 

- 	 - 	 • 	Rabbfte (2) 10.0 32.6 
- 133 • 	 -46.0 

- - 	
• 	 Dogs (2) 20.0 4.9 	- 6.7 

• 	 - 	 • 	 . 	 • 
4.7 	. 9.3 

• 	
- Mon-eys (2) 20.0 • 	2.4. • 	 9.2 

- • 17.5 23.0 

a16b 	iptake except for monkey, wMcb was 24..br uptake. 
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nostke were given daily subcutaneous injections for 14 days. On the fifteenth • 	
day the total circulating red-cell volume was determined (Table V) fle daily 
adrnintstratioa of this materiel for 14 days resulted In a 2% increase in the 
total circulating red-cell volume in mice, a 50% increase in rate, a 30% in. 
crease in rabbits, and an 11% increase In the monkey.. Such reepotaei in 

• 

	

	 normal animate unequivocabty demonstrate the erytbropet.dc potiacy 0. this 
znatrl*l. 

A. a pre1ITary.to any chemical characterization of this material itwai 
necessary to know the dose .ra.ponea reiatión*hipa by ta use of the FeS&. 

• 

	

	Ibcorporatlon assay. For this purpose the effect on Fe'9  incorporation of urinary 
erythropoletin In doses ot - 0.06 to 40 mg per day for 2 day-s was determined in 

• • groups of iO normal rats.. As can be seen from FIg. I t  the doser.sponse curve 
Is relatively flat end One standard devtstio. 10 such that a ieverMgold difference 
in activity ,  could not be accurately determined. 

In order to r.cover the material collected on the cotlodion membrane after 
Ultrltration, the .mebrane Is dl9.ol4 in ethe r ard alcohol s  leaving the 
residue behind as an insoluble material. Thus, In the first step one finds that 
the erytbropoietln Is not soluble in other or alcohol. Such an ultrafiltrate of 
uthte.ts known to contain approxLmatety 50% carbohydrate and 50% protein. 

The residue retains activity when placed In a bolUngwater bath for up to 
l.;rnirs (Table VI). If the active principle Is a protein, this degree of resistancs 
to boiling suggests an unusual clae of protein. 

The effect Of t.rypin digestion on the activity of the urinary erytliropoletin 
was investigated. Seventy-five mg of residue from ultrafiltration was dissolved 
In 15 ml of satins and adjusted to p8 3. twenty-five ml of this solution was 

• 

	

	. .. fro:en.to be tested as the starting material 25 ml was incubated under toluene at 
rOom temperature for 8 bra; and 25 ml was incubated with 3 mg crystalline 
trypsin under toluene at room temperature for 8 hz's. The results are summarised 

• in Table Vit. •  There was definite lose of .acttvfty in the trypsist-treated portion, 
suggesting that erythropøl.Un contains peptide bonds. within It.. structure. However. 
the loss of activity it not complete even after relatively long digestion and high 
enzyme-substrate ratio, which again points to some unusual class of protein. 

A solution el active material from ultrafiltration was brought to bali 
saturation and thee full saturation by the addition of ammonium sulfate. The 
material was thus divided into 3 equal part., two precipitates an-# the superuatant, 
as judged by optical density. . Assay. of theSe fractions by the Fe'9  dneorporadoza 
method showed that the activity was equally distributed in the two preclpltstes and 
that no significant pui'ificstion was achieved. 

In zone electropboreis on starch In a veronal buffer at p8 8.4, the 
activity migrnte4 ahead of the position of the alburnin4tke component Of urine, 
In eperimersts carried out with continuous -flow electrophoresis on a banging 
curtain in 0.01 N acetic acid, evidence was also obtained for marked mobility 
toward the anode. These rasulti indicate an isoolectric point at pif 4.5or 
below. 

'.9 
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4XabeV 
4 

Efl.ct of %njtlon of urinary eXthropo1etin in normaL autmais for 14ds 

Ito. otmais Dailydoe Increse in 
(mg) total red -celL volume 

(%) 
• •• .- 

Mice (10) OL 3 26.4 
ate (6) 20 49.6 

aabbtL 	(2) 10.0 29 5 
Monkey(1) 50.0 11 0 

• • - 	 - 

1 
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Table VI 

4 .... 	-V 	 • V 

- - 	---- 
,. 	 - 	 V 	- 	. . 	-. 

Effect o( otUg on the erythropoietic acUvfty of ,  the residne from uftr- 
£fttrattoi (tetad in normal rate) 

Treatme  UP 

V. 	

V V 	
• V 	 . 	. 	V  

- StarUngrnateal - 47 6 e 10.3 
Boiled S minizten 449 	Li 
Boiled 1minutce 416 L 	7,9 

'V.. 

V 	 - 	-. 	 V 

UWjected control 

--------- r 

26.0 * 	6.7 

V 	 - 
V 	

V 	 _VVc_1. 	 -- 	 . 	- 	------ 	 V 	 V  •V_ - 
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Table Vt! 

Tryp In dlgetion of urinary erythropoletln as rneasuredby Fe 59 -
incorporation in red cells (to rata per group) 

• 	 - 	 - 	 - 	 - 

:Treatxnent F 59 uptake 
(%) 

:StarUng material 	 456 ± 118 

In*ubated at room temperature for 8 brs 	 45.1 * 18 

Incubated with trypsn at room temperature for 8 bra 	 36.0 * 15.6 

SalineiaJected control 	 al,? * 10.2 

-12- 



When the residue is dtsolved at a concentration of 20 mg per ml and the 
pR of the 461utio.n edj.ted to 3.0 with 0.1 N RCI 1  a precipitate, amounting to 
20 to 301,0 of the Maltarial. Is formed, This precipitate contains the activity. 
as n,eae*ared by the red..cefl.volume assay. 

The most recent work on the chemict charactertoUce 01 the plasma 
erythropoiettn i5 that of Rambach, 	el. • 17 who find evidence that the 
erlthropoietic activity of plasma Is In the form of a mucoprteln traveling with 
an alpha4 globulin. This plasma erythropoietirt resi ts boiling and Ia 
extractable with 5% perchloric acido  which Is a characteristic of mucoprotetae. 
The fact that the urinary erythropoletin Is neither preczpftated nor Inactivated on 
boiling, Is not completely destroyed by prolonged digestion with trypsin, is 
prectpflated at pM 3, arid Is present In the residue rerninlng after ultra-
flttratlon which contains a large amount of carboh$rate snggests that the urinary 
mate nat may be a mucoprotetri. 

On the basis of, thees obeervatlons a series of highly pqrfflod mucoprotein 
fractions from normal buzna pleama obtained from Schmtd. 19. 0 wio*ler and 
astciates, 21 end Deutech," were ame4 for erythropoiettc ectivUy by the 
E'eDV4ricorporauon  method 4Tabie VIII). As can be seen from the table, the 
only fraction that bad any suggestion of activity was the Zn fraction from 
Setunid. because these fractions represent the range of mucoprotetna in normal 
plasma, it is a question whethez' orythropeietin is not represented here or 
whétter normal plasrta does not contain measurable amounts oierythropoietth. 
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Table VU! 

- 	.-.-- - -. 	 -. 

(ornpari.son of erythropoietic acth'fty of highly purified mucoprotein frcUone 
from normal human plaBma jd urine concentrate from a case of hamotytic 
aiernia, by the uae of the Fe'9  -incorporation a.say 

Mat.rial No. of animals 	Total dose 1e 	uptake 

- -., 	 - ------- -. 	 -- 

We 10 	 15 34.± tl.3 
VZ barium prGeIpitate 10 	 50 32.1 ± 113 

at Acid glyc6protein 10 	 40 31.3 ± 14.8 

Orosomucoid 10 	 25 30.1 * 13.0 

eLuin 10 	 35 2364 d 	9.6 

Urine concefltrate 10 	 3 51.1 it 	6.6 

.Untnjectedcontrote 20 	 . 28.1 ± 10.8 

II 
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Of 25 patiera with various bematokgic and othei dtscrdert who were 
studied by the Fe'-incorpo ration assay, two ehowed high levels of 
erythropoi ebc activity both in plasma arid urine, two showed high Levels in 
the plasma but no activity above normal in the urine, and 1 showed high activity 
In the urzn but no Increase in activity above normal In the plasma The 
eguiuicance of tht elevated urinary activity was further demonstrated by tnecttng 
eKtractb of the urine from those patients who showed high ez'ythropotetic activity 
by the we 59 assay into normal rats for 14 days. The urine of three of the four 
patient. tested In this way produced a polycythernia that exceeded that produced 
by exposure of normal rate to a sitmilated attitude of 15,000 ft for the same 
period of times It is suggested that our knowledge of the mechanisms 

- responsible for an elevated srythropoietin in the body fluids may be advanced 
more quickly by the simultaneous assay of both urine and plasma of patients 
wiUvar1ou9 hematologlcal disorders and by evaluating the significance of the 
Fe red-cell-Incorporation assay by determining whether those samples that 
appear to he active are capable of producing a pàlycythemla when injected into 
normal rate. 

Erythropoieticatty active material prepared from the urine of one ease of 
aplastic anemia and one case of paroxysmal nocturnal bemoglobinuria was 
efIetiv, in producing a polycythemia In normal rats, mice, rabbits, and ono 
monkey when given daily for 14 days. 

'Xbe £at that the urinary. e ryth ropoie tin Is neither precipitated nor 
inactivated on boiling is not completely destroyed by prolonged digestion with 
trypein, Is precipitated atpif , and I. present in that part of the reldue 
remaining after ultrafiltration that contains a large amount of carbohydrate 
suggest, that the urinary erytbropoietin may be a mucoprotein. Similar 
evidence, along with the demonstration that plasxna-erythropoietin activity Is 
soluble ui 5% perchiorlc acid, bse suggested that the plasma erythropoiettn is 
also a niucoprotein. Evidence Is preeented, however, that indicates some 
differences in chemical properties of plamma and urinary erythropoiotins 
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