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Erythropoietin Titer in Human Beings

By DONALD C. VAN DYKE, MIGUEL LAYRISSE, JOHN H. LAWRENCE,

JOSEPH F. GARCIA AND MYRON POLLYCOVE

M ARKEDLY ELEVATED levels of erytllropometin ilaVe beell found in the

1)lasIllct all(l uriiie oiil�’ under conditions of extreme erythropoietic stress
ill all allillials studliedi. Some human beings with primary hematologic disease,

however, do 5110W elevated! titers in the presei�ce of only modlerate anemia.

Ill order to produce higil titers of erythropoietin in the plasma of rabbits,

sheep, or dogs, it has been necessary to produce an anemia so severe that it is

just suh)letllal. Lowv et al.’ report tilat their best yieldis of erythropoietin were

obtained from phenylhydrazine-treated rabbits when tile plasma was ilarveste(1

from tilose ral)bits whose body temperature had begun to fall. “The tempera-

tore of the rabbit may drop sharply from its normal 103#{176}to 98#{176}.At this point

tile animal is about to die, the anemia is very severe and the hemoglobin is

usually below 3.7 g. per 100 ml. of bloodi.” \Vhite and Josh2 reported that in

preparing erythropoietin from phenylhydrazine-treated sheep, the highest

yields were obtained when the hematocrit had fallen below 15 per cent, by

which time 17 per cent of tile animals had died. Naets3 fotind that high titers

of ervthropoietin in the (log were found only when the hematocrit was 12 per

cent or less and that “the most active plasma obtained \V�S the last sample

taken before death.”

Some human beings with primary hematologic disease have high titers

of ervthropometin associated with hemoglobin levels as high as 6 or 8 Gm./100

ml., whereas others with the same disease syndrome or patients anemic as a

result of blood loss do not show elevated titers of erythropoietin wilen the

anemia is much more severe.46 These findings indicate that the high erythro-

poietin titers associated with such conditions as hypoplastic anemia7 and

Cooley’s anemia5 are the result of a moderate to severe anemia in addition to

some other as yet inapparent physiologic alteration.5

In order to determine the relationship between hemoglobin concentration

and erythropoietin titer in “normal” human beings, assays were made of tile

plasma and urine of otherwise normal individuals with severe iron-deficiency

anemia secondary to chronic blood loss resulting from hookworm (Necator

aniericanus) infestation and other causes of gastrointestinal bleeding or chronic

hemorrhage from other sites.

MATERIAL AND METHODS

Plasma and urine samples from patients with severe iron d�flc’i(’ncy secondary to) hook-

worm infestation were collected at the Banco de Sangre, del I)istritio Federal, Venezuela,
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iIlin)e(hiately frowen, an(l shipped in dry ice by air to the l)onner Laboratory for assay.

Only those in(livi(luals who had severe anemia from heavy hookworm inf�tation ( as high

as 38,0(X) ova p�. Gii. of feces ) with no evidence of primary hienlatologic disease were

chosen, ali(l the samples were collected before, and in sonic cases before and after, initia-

tion of any form of therapy. All were adults living in the interior of the country and work-

ing in agriculture. Although their diet at home consisted mainly of black beans, rice,

plantains, corn bread, and only occasionally eggs, meat, and fat, they were not physically

lln(lernOurished.

In addition, patients with severe iron deficiency secondary to chronic l)le(’ding as well
as patients with “primary” hematologic disease were stu(Iied at the Donner Clinic.

The Fe50’ red cell incorporation assay in starved rats was used throughout this study.9

Foixxl was withheld from female rats of the Long-Evans strain ( 150-200 Gm. body weight)

(hiring (lays 1-5 of the experiment. Plasma or urine samples were administered suhcuta-

neously on (lays 2 and 3. A tracer dose of Fe5” was given intraperitoneally on day 4, and
18 hours later, a sample of blood was obtained from the abdominal aorta for counting. Ten

assay animals were used for each measurement.

Plasma samples were assayed at a daily dose of 1 ml. without fractionation or other

treatment. Urine samples were assayed either at a daily dose of 1 ml. of unmodified urine

or the extract froni approximately 150 ml. of urine. Erythropoietically-activc (‘xtracts of

urine were o)htained by the collodion adsorption method.5

Only the case histories of those patients with primary hematologic disease who had

elevated titers of erythropoietin have been summarized. The case histories of Patients 6,

33, and 34 have been published previously.5”0

Summary (4 Case I, table 1: A 56 year old Negro female (M. S.) complained of weak-

ness, severe shortness of breath, palpitation and dizziness for 6 weeks. Her hematologic

values were found to he: hematocrit, 8 per cent; hemoglobin, 2.0 Giu./100 ml.; and reticu-

locyte count, 15 per cent. Bone marrow aspiration showed erythroid hyperplasia with ab-

sent hemosiderin. Patient denied any history of blood loss, and there was no evidence of

sickle cell anemia. Past history was negative except for asthma. Examinations including

roentgenograms of chest, upper and lower gastrointestinal tract, and sigmoidoscopy failed

to reveal a source of blood loss. A diagnosis of iron-deficiency anemia was made, and she

was treated with blood transfusions and oral iron therapy. Response to iron therapy was

excellent.

Summary of Case I, table 1: A 37 year old mentally retarded Negro female (M. G.) was

found to have a hemoglobin of 2.0 Gm./100 ml. (PCV 13 per cent, reticulocyte count, 0.5

per cent) on routine examination. There was no history of bleeding except normal men-

struation and 12 pregnancies with 6 abortions. Bone marrow aspiration showed erythroid
hyperplasia without hemosiderin. The plasma iron concentration was 7.5 ,tg./ 100 ml.

(normal: 70-170). Latent iron-binding capacity of plasma was 382 1j,g./100 ml., total
iron-binding capacity was 390 p�g./ 100 ml. (300-400). Plasma iron turnover was 0.20

mg./hr./liter of blood (0.22-0.40). Radioiro,i appeared in circulating erythrocytes more

rapidly than normal, attaining a constant maximum net incorporation at 10 days of only

73 per cent (85-100). Analysis of plasma radioiron for 2 weeks revealed daily synthesis

of 6 Gm. hemoglobin, 1.2 Gm/day/liter of blood (1.0-1.6). When related to total-body
hemoglobin, 120 Gm., which remained constant during the period of study, a mean

erythron life span of 20 days was obtained (100-135). Mean effective erythron hemno-

globinization time was prolonged to 3.0 days (1.0-1.8).

In vivo measurements revealed rapid initial accumulation of radioiron in sacral marrow,
none in the liver or spleen. Subsequently there was normal net release of radioiron from

sacral marrow accompanied by secondary accumulation of radioiron in spleen and to a
lesser degree in liver. The iron kinetic study demonstrated a normal level of erythro-

poiesis together with marked reduction of erythron life span to 1/6 normal. This was as-
sociated with considerable splenic and hepatic sequestration and destruction of red cells.

There was also moderate marrow hemolysis of maturing erythrons as evidenced by prolonga-
tion of mean effective hemoglobinization time. The findings are characteristic of severe
iron-deficiency anemia.
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Table 1.-Erythropoietic Assay of Urine from Patients with Severe iron Deficiency
(10 rats in each group)

Hgb.
Patient Diagnosis (Gm./100 ml.)

Daily dose
(mL or

ml. equiv.)

Fe’9 red cell
incorporation

(96)

A Hookworm 3.5 1 5.1

B Hookworm 3.8 1 4.4

C Hookworm 7.3 135 5.8

C Hookworm 9.5 150 6.3

D Hookworm 3.7 150 17.4

D Hookworm 8.1 150 5.6

E Hookworm 4.0 150 6.5

E Hookworm 5.0 150 4.2
F Hookworm 4.7 150 5.2

C Hookworm 6.5 150 4.3

H Hookworm 4.5 150 3.8
I Unknown etiology 2.0 1 5.0

J Multiple pregnancy

and abortions
with bleeding 2.5 150 9.5

J 2.8 120 2.5

J 5.2 150 4.5

J 6.5 150 3.5

J 10.4 150 3.8

K Hereditary tel-
angiectasia 1.9 1 24.2

K 2.4 1 10.1

K 2.5 1 14.9

K 2.6 142 17.5

K 3.0 1 19.7

K 3.6 142 27.5
K 3.6 150 13.1

K 4.1 1 14.9

K 4.1 10 26.6

K 5.0 1 3.0

#{176}Allvalues over 1 represent concentrates.

The cause of iron deficiency was thought to be blood loss from 12 pregnancies with 6

abortions. Treatment consisted of blood transfusions and oral iron therapy. Response to

iron therapy was excellent.
Summary of Case K, table 1: A 49 year old Negro male (J. B.) with hereditary

telangiectasia (Osler’s disease) had had many episodes of severe epistaxis, almost to the
point of exsanguination since the age of 20. The source of hemorrhage was a large inoper-

able nasopharyngeal hemangioma. In the last 2 years he developed almost constant blood

loss through the gastrointestinal tract. Telangiectases were visible in the nasopharynx and

on the tongue, lips, and fingers. Father died at 44 years from nasal hemorrhage. Of 4 sisters,

one died at 25 years from nasal hemorrhage, one has bleeding hemangioma on tongue, and
two have no evidence of hemangiomata. Of 2 brothers, one had frequent nasal hemorrhages.

Physical examination revealed no other abnormality except marked conjunctival, mucosal,

and nailbed pallor. He had compensated for the chronic severe anemia so that marked
symptoms occurred primarily at hemoglobin levels below 4 Gm./100 ml. or with acute
hemorrhage of more than 20 per cent of his blood volume. The hemoglobin level had fallen
as low as 1.6 Gm./100 ml., at which point he “felt very weak”. Treatment consisted of
multiple blood transfusions and oral, intramuscular, and intravenous iron therapy. His

response to iron therapy was dramatic with reticulocyte levels as high as 57 per cent fol-

lowing a single injection of 10 ml. Imferon (500 mg. Fe) intravenously. The fluctuation of
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Table 2.-Erythropoietic Activity of Urine from Patients with Hematologic
Disease Other than iron Deficiency

Fe5’ red cell
Hgb. incorporation

Patient Diagnosis (Gm./100 mL) Daily dose (%)

Polycythemiavera 20.0 150 ml.#{176} 5.3
2 Polycythemia vera 15.8 1 ml. 3.5

3 Secondary polycythemia 16.7 1 ml. 5.9

4 Secondary polycythemia 17.4 1 ml. 4.5

5 SecGndary polycythemia 17.6 1 ml. 5.4

6 Hemiiolytic anemia 5.9 1 ml. 16.8

7 Heniolytic anemia 10.6 1 ml. 4.4

8 Hemolytic anemia 8.8 1 ml. 5.1

9 Hemolytic anemia 11.0 1 ml. 4.4
10 Heniolytic anemia 11.0 150 ml. 6.4

11 Hereditary hemolytic anemia 12.1 150 ml. 3.4
12 Hypoplastic anemia 12.4 1 ml. 4.7

13 Hypoplastic anemia 2.5 145 nil. 16.9

14 Aplastic anemia 6.0 150 ml. 5.6
15 Aplastic anemia 10.2 150 ml. 5.4

16 Aplastic anemia 6.9 1 ml. 18.2
17 Aplastic anemia 4.0 1 ml. 27.5

18 Thalassemia major 4.9 66 ml. 4.8

19 Thalassemia major 4.8 1 ml. 4.7
20 Thalassemia major 4.8 1 nil. 7.3

21 Thalassemia major 2.2 1 ml. 21.8

22 Thalassemia major 3.6 108 ml. 5.0

23 Thalassemia major 6.0 150 ml. 5.7

24 Leukemia 5.5 120 ml. 4.8
25 Leukemia 5.2 105 ml. 16.3

26 Lymphatic leukemia 3.0 114 ml. 19.2

27 Unexplained anemia 9.0 150 ml. 5.7

28 Megaloblastic anemia 10.5 150 ml. 3.5

29 My’;edema, secondary 12.4 150 ml. 6.7

anemia

30 Polycystic kidneys 16.2 150 ml. 5.1

31 Multiple myeloma 10.7 150 ml. 4.0

32 Paroxsynual nocturnal 9.7 150 ml. 3.5

hemoglobinuria

33 Paroxsymal nocturnal 4.7 2.0 mg. 51.8

hemoglobinuria
33 4.7 1.0 mg. 37.3

4.7 0.4mg. 30.2
33 4.7 0.1mg. 19.4

33 Paroxysmal nocturnal 5.5 150 ml. 27.2

hemoglobinuria
5.8 125 ml. 43.2

6.0 0.4 mg. 24.7

33 6.1 2.5mg. 30.0

33 6.1 0.4 mg. 25.0

33 6.4 1.5mg. 40.0

6.8 150 ml. 35.7

33 8.0 1.2 mg. 26.4

33 8.0 1.5mg. 31.4

8.0 0.5 mg. 14.2
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Table 2.-Continued

Patient Diagnosis
Hgb.

(Gm./lOOml.) Daily dose

Fe� red cell
incorporation

(%l

33

-

8.0 2.0 mg. 34.5
34 Aplastic anemia 4.6 1.0 mg. 18.7

34 5.0 0.5 mg. 19.7

34 5.01 0.5 mg. 19.2

34 f 0.5mg. 8.3

34 5.6 1 ml. 17.7

34 5.8 2.0 mg. 31.3

34 6.0 0.1 mg. 6.0

34 6.1 lml. 7.1

34 6.1 1.0mg. 29.1

34 6.1 1.0mg. 17.8
34 6.3f 150 ml. 21.0

34 f 150 ml. 14.4

34 7.7 1.0mg. 8.5

.34 7.8 2.0mg. 20.5

34 7.8 0.8mg. 11.3

34 7.8 0.6 mg. 10.3

34 8.0 lml. 5.1

#{176}Allvalues over 1 represent concentrates.

fBefore transfusion.

fAfter transfusion.

urinary erythropoietin titer with hemoglobin level is presented in table 1. An average daily

blood loss of 460 ml. was calculated over a period of 91 days by relating total iron dextran

( Imferon ) administered intravenously to mean circulating hemoglobin concentration. A

daily loss of 400 ml. whole blood per day was calculated by subsequent measurement

( using a whole-body counter) of circulating erythrocytes labeled endogenously with radio-

iron.

Summary of Case 16, table 2: A 3#{189}year old white male ( R. S. ) was first found to

be anemic at 1 year of age. There was no definite improvement from treatment with oral
and parenteral iron, testosterone, vitamin B,2, and folic acid. The pregnancy and birth
were uneventful. A maternal aunt had persistent mild anemia of undetermined etiology

since childhood. Past history and physical examination were non-contributory except for

pallor. The hemoglobin had been found as low as 4.5 Gm.’lOO ml. with an hematocrit of 17

per cent. Bone marrow aspiration showed general depression of erythropoiesis and an in-

crease in myeloid : erythroid ratio. A diagnosis of congenital hypoplastic anemia was made.
The hemoglobin had been maintained above 5 Gm./100 ml. with 4 units of whole blood
during the past year.

Summary of Case 1 7, table 2: A 31 #{149}year old white male farmer ( H. C. ) developed
dyspnea on exertion and was found to be anemic 6 months prior to this study. Thorough

examination revealed erythroid hypoplastic marrow and a gastric ulcer which promptly

healed with therapy. Marrow aspiration showed hypercellularity with a marked increase

in eosinophils and reticulum cells, moderate increase in basophils, slight increase in mega-
karyocytes and in hemosiderin, and marked depression of the red cell series. The myeloid:

erythroid ratio was 25:1. Marrow tissue section showed marked hypocellularity with zome

areas containing almost 50 per cent eosinophilic elements. The peripheral blood showed
4.5 Gm./100 ml. hemoglobin, 1.67 M erythrocytes/mm.3, 595,000 platelets/mm.3, and 8,100
leukocytes/mm.3 An occasional megakaryocyte as well as a few reticulum-like cells were

seen. The proportion of non-segmented granulocytes was increased and toxic granulation
was present. The plasma iron concentration was 273 p�g./1OO ml. (70-170). Latent iron-
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Fig. 1.-Relationship between hemoglobin concentration and erythropoietin

titer in plasma of iron-deficient human beings. The standard deviation for 100 Un-

injected controls was 4.9 ± 1.9.

binding capacity of plasma was 4 1 1�tg. 100 nil., resulting in :1 total plasma iron-binding

capacity of 314 /Ag. 1(K) ml. (300-400). Plasma iron turnover was 0.18 mg/hr/liter of

blood (0.22-0.40). Net incorporation of radioiron into circulating crythrocytes was only

1.7 per cent in 10 (lays (85-100). In vivo measurenients showed a gradual progressive ac-
cumulation of radioiron in liver, indicating that PracticallY all plasma radioiron had been
deposited as storage iromi. Erythropoiesis was negligible, there being neither significant
marrow nor extrarne(lullary erythropoiesis.

There was no improvement from therapy with iron or Bm2. He had had occupational ex-

posure to plant sprays but no history of excessive exposure concomitant with onset of present
illness. Family history, past history, and physical examination were otherwise non-con-

tributory. A diagnosis of aplastic anemia (erythroid aplasia) was made. He was maintained

at a hemoglobin level of approximately 5 Gni./ 100 ml. by frequent blood transfusions.

RESULTS

Patients who had no known hematologic abnormality other than severe

iron-deficiency anemia secondary to chronic hookworm infestation and whose
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Fig. 2.-Relationship between hemoglobin concentration and erythropoietin titer
in urine of iron-deficient human beings. The area including all the values has been

shaded for comparison in figs. 3 and 6.

hematologic values returned rapidly to normal when adequate iron therapy

was instituted, in all cases but one (Case I in table 1), had measurable titers

of erythropoietin in their pla�sina at hemoglobin levels below 5 Gm./100 ml.

but not above this level. The values obtained are summarized in figure 1. The

standard deviation for 100 uninjected controls was 4.9 ± 1.9.

The results of the assays of the urine from these and other patients with

severe iron-deficiency anemia secondary to hookworm infection, as well as

from 3 patients who had iron-deficiency anemia secondary to blood loss,

whose case histories have been given, are summarized in table I and figure 2.

As can be seen from the figure, there was detectable erythropoietic activity

in the urine only at hemoglobin concentrations of 4.1 Gm./100 ml. or less. Ad-

ministration of iron did not produce an increased titer in severely anemic

iron-deficient patients.

Table 2 and figure 3 are summaries of the results of assay for erythropoietic
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Fig. 3.-Relationship between hemoglobin concentration and erythropoietin titer
in urine of patients with various hematologic disorders. The shading is the same as
in fig. 4 and indicates the area in which values were found from assay of “normal”
human beings. Not all the values from table 2 have been included in the figure.

activity in the urine of 34 patients, most of whom had “primary” hematologic

disease. Figure 3 includes only representative examples from table 2.

DIsCussIoN

The results of assays for erythropoietic activity in plasma of otherwise ‘nor-

mal” iron-deficient human beings show that the titer rises abruptly at hemo-

globin levels below 5 Gm./100 ml. There are insufficient data to determine

whether the magnitude of the increase is dependent on the hemoglobin con-

centration below the 5 Gm./100 ml. level or whether it is an all or none re-

sponse.

The data published by White and Josh2 on the relationship between hema-

tocrit and erythropoietin titer in the plasma of “normal” sheep made anemic

with phenylhydrazine are summarized in figure 4, and the results obtained
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Fig. 4.-Relationship between erythropoietic activity of plasma and hematocrit

of sheep made anemic by phenylhydrazine administration. Redrawn from White

and Josh.2
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by Naets3 on the relationship between hematocrit and erythropoietin titer in

the plasma of “normal” dogs made anemic by bleeding are summarized in

figure 5. Although the rise in erythropoietin titer in the plasma of both sheep

and dogs is, as it is in human beings, exceedingly abrupt and occurs only at

extremely low hemoglobin concentration, it does, perhaps in the dog. reflect

the severity of the anemia.

The results of assays for erythropoietic activity in the urine of otherwise

“normal” iron-deficient human beings show that the titer may rise abruptly

at hemoglobin levels at or below 4.1 Gm./100 ml., but that the height of the

titer below this level has no relationship to the severity of the anemia (fig. 2).

Even at very low hemoglobin concentrations, high titers were not always

obtained. Five samples from patients with hemoglobin concentrations below

4 Gm./100 ml. showed no erythropoietic activity. One patient (Case I in
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Iii patients with various hematologic diseases other than iron-deficiency,
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Fig. 5.-Relationship between erythropoietic activity and hematocrit of dogs
made anemic by repeated phlebotomy. Redrawn from Naets.3

table 1) showed no erythropoietic activity at a hemoglobin concentration of

2.0 Gm./100 ml. One patient (J in table 1) showed only minimal erythro-

poictic activity in the urine at a hemoglobin concentration of 2.5 Gm./100 ml.

and no activity at a hemoglobin concentration as low as 2.8 Gm./100 ml.

Since the activity in a given volume of urine may be altered by the time

it is stored in the bladder, by its degree of concentration, and possibly by

variations in the renal threshold for erythropoietin in different individuals, one

might expect more variation in urinary titer than in plasma titer. Also, in

plotting the data for concentrates from urine, it is erroneous to assume that

the method of concentration is equally effective for the urine of many different

donors.
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elevated titers of erythropoietin were found occasionally in the urine at hemo-

glohin concentrations tmp to 8 Gm./100 ml. with no correlation between hemo-

globin concentration and erythropoietin titer below that level. Only 5 of these

individuals ( Patients 13, 17, 21, 22, and 26 ) had hemoglobin concentrations

low enough that one would expect elevated erythropoietin titers had they been

normal, and yet 9 of the 34 had elevated titers of erythropoietin in the urine.

Most of the high values plotted in figure 3 are from Patients 33 and 34, table

2, both of whom had high titers at hemoglobin concentrations tmp to 7.8 and

8.0 Gm./100 ml., respectively.

The fact that several of the elevated titers were found at hemoglobin con-

centrations well above that expected to produce e!evations in “normal”

himman beings indicates that some factor other than the anemia plays a role

in prodtmction of the high erythropoietin titers observed. Similarly elevated

titers have been reported by \Vinkert and Gordon5 in patients with thalas-

semia major at hemoglobin concentrations up to 6 Gm./100 ml., but high

titers may reasonably be expected in subjects with hemoglobin levels below

4 Gm./100 ml. Figure 6 has been re-drawn from the results published by Wink-

ert and Gordon5 for comparison with the results of this study. The shaded

area indicates the hemoglobin concentrations at which the ‘�normal” individuals

in this study were found to show meastmrable activity. Winkert and Gordon

have emphasized that the “concentration of ESF in the urine of thalassemia

patients increases with severity of anemia,” whereas in the present sti’dy,

which includes a variety of disease syndromes, no correlation W�S apparent.

Gurney and Jacobson8 state that “on the basis of bioassay of over 200 plasma

specimens obtained from anemic subjects with a wide variety of disease, amid

employing three different assay techniques . . . we have come to expect the

demonstration of an increase in erythropoietin in the plasma of most patients

with hemoglobin levels under 9 g per cent.”

If erythropoietin is part of the normal mechanism of regulation, it is reason-

able to suppose that the titer of erythropoietin increases with the severity of

the anemia (or hypoxia) and the apparent abrupt rise at hemoglobin levels

below 5 Gm./l00 ml., or hematocrit levels below 15 per cent, results from the

fact that the assay is sensitive only to relatively high titers. Figure 7 illus-

trates this possibility. The diagram assumes an asymptotic rise in ervthro-

p()ietin with decreasing hemoglobin concentration. The data available from

bled dogs, phenylhydrazine-treated sheep, and iron-deficient human beings

fit the curve to the right in figure 7. The data from a heterogeneous group of

patients with various primary hematologic diseases summarized in this study
and the data presented by Winkert and Gordon5 from a group of patients with

thalassemia major fit the curve to the left in figure 7.

If erythropoietin is not part of the normal mechanism of regtmlation of

erythropoiesis, but a mechanism that is called into operation only in extreme

circumstances (below hemoglobin concentration of 5 Gm./100 ml.), increas-

ing the sensitivity of the assay would give higher values for the same degree

of anemia but would not raise the hemoglobin level at which erythropoietin

would begin to appear.
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Fig. 6.-Reticulocyte responses of erythropoietin-treated rats as a function of
hemoglobin values of donor patients. Redrawn from Winkert and Gordon.5 The
shading is the same as in fig. 4 and indicates the area in which vahmes were found
from assay of “normal” human beings when the Fe5#{176}red cell incorporation was
used. The line is that given by Winkert and Gordon.

SUMMARY

Patients with severe hematologic disorders may have elevated erythropoietin

titers in plasma or urine at higher hemoglobin concentrations than those as-

sociated with elevated titers in experimental animals or patients anemic as a

result of simple blood loss. Patients with “primary” hematologic disease may

have a measurable titer of erythropoietin in the plasma and urine at hemoglobin

concentrations up to 8 Gm./100 ml., but patients with iron-deficiency anemia

show elevated titers in the urine only with hemoglobin concentrations at or

below 4 Gm./100 ml. and in the plasma below 5 Gm./100 ml. The abruptness

with which the titer rises and the severity of the anemia required before

measurable titers appear are similar in man and in rabbits, sheep and dogs.
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Fig. 7.-The figure indicates diagrammatically the most likely explanation for

the apparent abrupt rise seen in erythropoietin with present relatively insensitive
assay methods.

The fact that no measurable erythropoietin titer can be demonstrated when

the hemoglobin concentration is well below that required for intense stimula-

tion of erythropoiesis and the abruptness of the rise at hemoglobin con-

centration of 4 Gm./100 ml. or less suggest that erythropoietin may not be

an important factor in the control of erythropoiesis except in extreme circum-

stances. On the other hand, these facts may be explained more simply by the

insensitivity of the assay methods used.
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6. Gurney, C. W., and Jacobson, L. 0.: The

SurslrslAmo IN INTERLINGUA

Patients con sever disordines hematologic pote haher elevate titros plasmatic

o urinari de erythropoietina a concentrationes de hemoglobina plus alte que

illos associate con elevate titros plasmatic o urinari de erythropoietina in ani-

males experimemital o in patientes con anemia in consequentia de un simple

[)er(lita (Ic sanguine. Patientes con “primari” disordine hematologic pote haher

mesurabile titro de erythropoietina in le plasma e Ic urina a concentrationes

(10 hemoglohina usqime a 8 g per 100 ml, sed patientes con anemia a carentia

do ferro exhibi elevate titros de erythropoietina in le tmrina solmente in le

l)resem1t1�t do concentrationes de hemoglobina de 4 g per 100 ml o minus e in
Ic urina in Ic presentia de concentrationes de hemoglobina de 5 g i�r 100 ml

o minus. Le abruptitate con que le titro monta e le severitate de anemia

requirite ante que mesurabile titros se manifesta es simile in humanos c in

conilios, oves, e canes. Le facto que nulle mesurabile titro de erythropoietina

Pote esser demonstrate quando le concentration de hemoglobina es ben infra
Ic nivello requirite pro un intense stimulation d erythropoiese e le ahruptitate

(101 augmento del titros de erythropoietina a concentrationes de hemoglohina

do 4 g per 100 ml o minus suggere que erythropoietina possibilemente non es

tin factor importante imi le regulation (lel erythropoiese excepte sub circum-

stamitias extreme. Del altere latere, il etiam pare possihile que iste factos pote

esser explicate plims simplemente CO�() effectos del insensibilitate del methodos

(Ic essavage nunc disponihile.
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