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ECENTLY we reported a Predictal)1e and repro(lncihle response in red

cell formation following a single injection of a highly purified PrePar�1-

tion of erythropoietin in the transfusion-induced polycythemic mouse.1 The re-

sponse observed is of interest to us because, as was first shown by Jacobson

et at.,2 erythropoiesis is here virtually eliminated by a method which does not

exert any recognizable deleterious effects on the hematopoietic system of the

animal. It is therefore possible to distinguish between experimentally-induced

red cell formation and natural erythropoiesis by suppressing the latter. An

interesting observation made during our early investigations1 was that a

maximum reticulocyte count of under 2 per cent was obtained when a single

dose of six units of erythropoietin (as defined by Goidwasser and \Vhite3)

was administered to the polycvthemic mouse; larger single (loses failed to

produce a greater response. This was surprising, because the mouse normally

has the ability to produce new red cells far in excess of this rate in response

to hypoxia or anemia, even when allowance is made for the elevated red

counts in polycythemic animals.

There are several conflicting theories concerning the role played by ervthro-

poietin in the regulation of erythropoiesis. Jacobson et al.4 consider that the

rate of red cell production is controlled by ervthropoietin delivered to the site

of red cell production by the plasrna. Unman and Bethell envisage a more

complex scheme,5 according to which at least two distinct erythropoietins

play different roles in promoting this process and are both normally require(l
to sustain it. Stohlman et al.6 postulate an even more involved dual mechan-

ism.

The response to a single injection of the most highly purified prep;iration

of erythropoietin yet available for intensive investigation has failed to initiate

the production of new red cells in the polycythemic mouse at a rate com-

parable with that obtained in normal animals under experimental conditions

of hypoxic anoxia or anemic anoxia1; it appeared reasonable, therefore, to

measure the response in the polycythemic mouse to multiple injections of
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532 GURNEY, WACKMAN AND FILMANOWICZ

erythropoietin. This investigation was undertaken in the hope of clarifying

the extent to which the humoral factor contributes to the regulation of

erythropoiesis.

METHODS AND MATERIALS

In all the studies reported herein, experimental animals were CF No. 1 virgin female

mice, 6 to 8 weeks of age at the beginning of each experiment. Red cell donors were CF

No. 1 mice chosen without regard for age, but in most instances the donors were old re-

tired breeder mice. All animals were maintained on Rockland Mouse Pellet diet and water

ad libitum.

Mice were made polycythemic by two intraperitoneal injections of washed homologous

red cells, as previously described.1 Studies were begun 6 days after the last injection of red

cells, when the hematocrit of the test animals was above 70 per cent and erythropoiesis was

suppressed, as evidenced by the absence of reticulocytes in the peripheral blood.

Hematocrit and reticulocyte counts were estimated on blood drawn from a tail vein.

Blood for hematocrit determinations was collected in heparinized capillary tubes and spun

in microhematocrit chambers. Reticulocytes were counted by the direct smear method,

using brilliant cresyl blue without counterstain. Determinations were made on the basis

of numbers of reticulocytes per thousand red cells counted, except where the values were

below 0.1 per cent, in which case two thousand red cells were examined.
For histologic studies, mice were killed by cervical spinal fracture and sections of spleen

prepared. The tissue was fixed in formol-Zenker, imbedded in nitrocellulose, cut at 5 �,

and stained with hematoxylin-eosin-azure.

From the plasma of sheep rendered anemic by administration of phcnylhydrazine, a

preparation of erythropoietin#{176} was obtained and was highly purified by a series of pas-

sages through DEAEf and Amberlite IRC-50 resin. (The preparation and characterization
of this material, glycoprotein in nature, have been described recently.7) The erythropoietin

was dissolved in 0.9 per cent NaCl and its potency,f as used in these experiments, is ex-

pressed as designated by Goldwasser and White.3 In one experiment, 1 �sc. of radioactive

iron was administered as ferric citrate via the tail vein, and blood was later obtained from

the jugular vein for estimation of the rate of red cell synthesis as measured by red cell

radioiron incorporation. Radioactivity of known volumes of blood was determined in a

scintillation well counter.
Normal mice selected for chronic erythropoietin adniinistration were pretreated with

intramuscular injections of 2 mg. of iron dextran one week before beginning erythropoietin
injections. Blood volumes were performed with red cells of homologous donors, previously

labeled in vivo by the intravenous injection of 1 p.c. of Fe59 citrate. After two days, the

red cell Fe59 content of donor mice was sufficiently great to permit blood volume determin-

ations in the test mice by the intravenous injection of 0.2 ml. of washed labeled cells per

mouse. Sampling of the blood of polycythemic mice by cardiac puncture for determination
of blood volumes was delayed for 30 minutes after the intravenous injection of labeled

cells, because of the possibility of slow equilibration between injected erythrocytes and

red cells that might be sequestered in the liver, spleen, etc. of plethoric animals.

RESULTS

Morphological Evidence of Erythropoiesis Following Erythropoietirt Ad-
�nir&L�tration: Forty-eight hours after injection of a single dose of erythropoietin,

a few reticulocytes can be seen in the peripheral blood of plethoric mice.

#{176}Prepared by Armour and Company Research Division, AEC Subcontract #21, under

Contract #18 AT-( 11-1 )-69 with the University of Chicago.
fDiethylaminoethyl cellulose.

$2.2 cobalt units/mg.
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ERYTHROPOIETIC RESPONSE TO ERYTHROPOIETIN 533

Prior to this time, although the peripheral blood fails to disclose evidence of

erythropoiesis, differentiation and maturation in the marrow and spleen have

begun and are progressing in an orderly manner. Fig. la shows a representa-

five section of the red pulp of the spleen 24 hours after the administration of

a single subcutaneous injection of 6 units of erythropoietin. Clumps of pro-

ervthroblasts are now abundant, whereas only rarely can cells presenting this

morphological appearance be found in control animals prior to the injection.

By 48 hours after administration, differentiation has reached the normoblast

stage, and further maturation is evident at 72 hours ( fig. lb ) . This is also the

time of peak peripheral reticulocytosis in these mice ( fig. 2) . At 96 hours,

erythropoietic activity has decreased markedly (fig. ic), and by 120 hours

no normoblasts remain.

Effect of I.Iulti pie Injections: Figure 2 illustrates peripher�t1 reticulocyte

response to one and two subcutaneous injections of ervthropoietin. In this and

subsequent experiments, each group contains a minimum of 5 animals. Reticu-

locyte counts are made on each anmial daily, and the curves plotted are ob-

tained from the average values in each group. A phantom curve (dotted line),

shows the result anticipated from a second injection, assuming a response

equal in magnitude but occurring 24 hours later than that prod1uced by the

first injection. The sum of the two curves, each representing the anticipated

result of a single injection, yields the predicted result from two such consecti-

tive injections, plotted as a dashed line. It will be seen that the ol)served result

is slightly in excess of the result predicted on the basis of the observed re-

sponse to a single injection. Although this difference is small, a similar result,

again greater in magnitude than predicted, is observed following three and

four (fig. 3) consecutive daily’ injections of ervthropoietin. \Vith three and

four injections, the discrepancy between observed and predicted results ii

greater than it is following only two injections. The data from which figs.
2 and 3 were plotted are recorded in table 1.

Fractionation of a Single Dose of Erqlhropoietin: In this experiment, 50

polycythemic mice (5 groups of 10 animals) were used. Each mouse was

given 1 p.c. of radioiron intravenously in 0.25 ml. of saline five clays after the

second blood transfusion, at a time when erythropoiesis had ceased. The

animals’ iron stores were thus labeled with Fe59.

Twenty-four hours later each mouse in group 1 received a single subcutane-

ous dose of 3 units of erythropoietin in 0.5 ml. saline; those in group 2

received a first injection of 1.5 units in 0.5 ml. saline at the same time, followed

by a second similar dose 24 hours later. Mice of group 3 received two injec-

tions of 1.5 units, the second being given 48 hours later than the first. In group

4, the dose was 0.75 units in 0.5 ml. of saline at 12-hour intervals for a total of

four injections. The fifth group of mice constituted the control group, and

these animals received injections of 0.5 ml. saline on the 8tl� and 10th (lays.

These dose schedules are shown in figure 4: The figures represent the

mean values for each group ± one standard deviation. If the radioiron in the

peripheral blood on day 15, expressed as net counts per ml. per minute, is

considered to be proportional to total red cell production in response to the

erythropoietin injected, then figure 4 shows there is a greater response when
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(b) After 72 hours: most of the cells seen here are normoblasts.

534 GURNEY, WACKMAN AND FILMANOWIOZ

Fig. 1.-Sections of polycythemic mouse spleen after erythropoietin administra-

tion. Hematoxylin-eosine-azure stain. X 2000.
(a) After 24 hours: three large cells in center and one at lowei left are pro-

erythroblasts.

a total dose of 3 units is fractionally administered than when it is given as a

single dose. Furthermore, a given dose of ervthropoietin is approximately

twice as effective, when administered in two partial injections separated by

24 or 48 hours, as when it is administered in a single injection, and almost
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(c) After 96 hours: only a few late normoblasts remain.
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Fig. 2.-Reticulocyte count in polycythemic mice following one and two sub-
cutaneous injections of erythropoietin.

three times as effective when administered in four small injections given at

12-hour intervals. While the significance of differences between two injections

of 1.5 units and 4 injections of 0.75 units is not established, the difference

between the response to a single injection of 3 units and the response to four

injections of 0.75 units is highly significant (0.01 P 0.001) -

Maintenance of Pol ycyt hernia in the Tranfusion-Induced Polycythernic
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Fig. 3.-Reticulocyte count in polycythemic mice following four subcutaneous

injections of erythropoietin.

Mouse: An effort was made to maintain polycythemia in eight transfused mice

by a long-term course of injections of erythropoietin administered at a close

rate of 6 units per day. At the same time, five control animals received saline

injections. The injections of erythropoietin were begun 6 days after the last

transfusion. Fig. 5 shows that there was a fall in hematociit in control animals

which was almost linear, and that reticulocytes were absent from the periph-

eral blood for 16 days. Reticulocytes were first observed again in the blood

of the saline control animals on the 18th day, at a time ��‘hen their hematocrits

averaged about 50 per cent. The reticulocyte count rapidly rose to a level of

approximately 5 per cent in the animals receiving erythropoietin. Once this

rate of reticulocytosis was established, the hematocrit, which had fallen from

80.9 per cent to 73.7 per cent, remained level at a value of approximately 75

per cent for two weeks. \Vhen, on the 21st day, it was ‘apparent that erythro-

poiesis had already begun again in the control animals, the experiment was

terminated, at which time red counts and hemoglobins were also estimated.

These results are summarized in table 2, in which it will be noted that, al-

though the mean corpuscular hemoglobin concentration was identical in the

two groups, the animals receiving erythropoietin had a higher mean corpuscu-
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ERYThROPOIETIC RESPONSE TO EIIYTRROPOIETIN 537

Table 1.- Average Reticulocyte Count (Plus or Minus

Following Singk and Multiple Subcutaneous
Units of Erythropoietin

One Standard Deviation)

Injections of 6

DayO

0 1 2 3 4

.O±.0 .0±.O 0.3±0.1 1.3± 0.4 0.7±0.3

5

.0± .0

6

.0± .0

7

.0± .0

0,1 .0±.0 .O±.0 0.2±0.1 1.2±0.5 2.5±0.7 1.6±0.3 0.2±0.2 .0± .0

0.1.2 .0±.0 .0±.O 0.4±0.2 1.6±0.4 3.8±1.1 4.1±1.1 0.7±0.4 0.2±0.1
0,1,2.3 .0 ± .0 .0 ± .0 0.3 ± .0 1.8 ± 0.4 4.0 ± 0.7 5.1 ± 0.9 2.6 ± 1.2 0.9 ± 0.3

SalineControl .0±.0 .0±.O .0± .0 .0± .0 .0± .0 .0± .0 .0± .0 .0± .0

Table 2.-Erythrocyte Values (Plus or Minus One Standard Deviation) in

Polycythemic Mice Following Daily injections of 6

Units of Erythropoietin

Average
Number

of Hemoglobin Red count Hematocrit M.C.V. M.C.H.C.
- animals (Gm.%) (million) (%) (cu.�u) (%)

Erythropoietin 8 24.0 ± 1.4 14.4 ± 0.9 74.7 ± 3.5 51.9 ± 2.6 32.1 ± 1.1

Saline 6 14.2 ± 0.8 10.5 ± 0.8 44.3 ± 2.7 42.5 ± 3.5 32.1 ± 2.2

Table 3.-Blood Volume and indices (Plus or Minus One Standard Deviation) of

Normal Animals Made Polycythemic by Multiple Injections of Erythropoielin

Blood volume Red count Hemoglobin Hematocrit M.C.V. M.C.H.C.
Dose (mL) (million) (Gm. %) (‘7,) (cu. p) (%)

2 units

Twice Daily 1.90 ± 0.18 14.2 ± 0.8 20.8 ± 0.9 69.9 ± 3.1 49.3 ± 3.4 29.7 ± 0.7

1 unit

Twice Daily 1.86 ± 0.11 13.0 ± 0.7 19.6 ± 1.2 64.5 ± 3.5 50.0 ± 2.8 30.2 ± 0.6

Saline 1.56 ± 0.20 10.3 ± 0.5 15.4 ± 1.1 50.1 ± 2.0 48.6 ± 1.1 30.8 ± 1.8

Jar volume, probably a manifestation of the preponderance of small old cells

in the saline-injected animals and the larger number of newer cells in the

animals receiving erythropoietin.

Multiple Injections of Erythropoietin in the Normal Mouse. Two groups of

eight normal CF No. 1 mice were given injections of erythropoietin for 27

(lays, the first group receiving 2 units of ervthropoietin twice daily, and the

second group 1 unit twice daily. A single group of eight controls received

injections of saline. A steady rise in hemoglobin and hematocrit occurred in

both groups receiving erythropoietin. That this was the consequence of red

cell production rather than progressive hemoconcentration is apparent from

a reticulocytosis in the animals receiving ervthropoietin (fig. 6) and from a

rise in the red cell mass as measured by homologous Fe59-laheled red cells

(table 3). At the end of the experiment, on the 27th (lay, re(l counts were

also made. The differences in average mean corpuscular volume and mean

corpuscular hemoglobin concentration between experimental and control

groups (table 3) were small, and of no statistical significance.

DiscussIoN

We believe that these results constitute further confirmation of the role

played by the glycoprotein, erythropoietin, in regulating erythropoiesis. This

hypothesis, first suggested by Carnot and D#{233}flandre in 1906,� has been tested
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Fig. 4.-Fe59 in peripheral blood following subcutaneous erythropoietin. The

figures represent the mean value for each group ± 1 standard deviation.

repeatedly by numerous investigators, particularly iii the last ten years, and

a great deal of evidence, summarized in recent reviews,4’59’0 has accumulated.

Some investigators,” however, consider that because our understanding of

the role played by the erythropoietins (whether one or more factors is present)

is still incomplete, the hypothesis that the volume of red cells is regulated by

such substances can only he regarded as tentative. The present study was

undertaken to re-examine our beliefs4 and to determine the degree to which

the results of further experiments using a standardized preparation of erythro-

poietin3 and a new model2 would support or contra(lict them.

Although the sheep erythropoietin used in these experiments is not com-

pletely purified, it is a highly concentrated glycoprotein fraction representing

approximately 50,000-fold purification of the original plasma.7 Unless there

are two or more erythropoietic stimulating factors of almost identical chemi-

cal structure, we must conclude that one factor, glycoprotein in nature, is
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Fig. 5.-Effect of daily injections of 6 units of erythropoietin in the transfusion-

induced polycythemic mouse.

sufficient to stimulate erythropoiesis both in the transfusion-induced polycy-

themic mouse and in the normal mouse.

As yet, we do not consider that the existence of more than one kind of

erythropoietin has been demonstrated conclusively. Gley and Delor12 have

presented evidence which they interpret as favoring the existence of two

stimulating factors. Linman and Bethell,5 reviewing their own numerous in-

vestigations, also arrive at conclusions in support of the existence of two
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Fig. 6.-Changes in hematocrit and reticulocyte count associated with prolonged
administration of erythropoietin subcutaneously twice daily.

humoral regulators. It is reasonable to believe that many essential constituents

and, possibly, stimulators or inhibitors of synthesis of heme, globin, and other

red cell constituents, may he uncovered as formation of red cells is studied in

greater detail. We cannot exclude the possibility that more than a single

regulatory factor exists. However, in the systems employed, namely, the

transfusion-induced polycythemic mouse and the normal mouse, we believe

that the over-all process of normal red cell formation is initiated and sustained

by the administration of a single factor, glycoprotein in nature. Clearly this

factor is capable of initiating erythropoiesis in the hypertansfused mouse and

of increasing the rate of erythropoiesis in the normal mouse. That such a

factor regulates the normal daily production of red cells in animals and man

in the steady state has not been proved conclusively, but is suggested by the
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F.IIYTHROPOIETIC RESPONSE TO ERYTHROPOIETIN �41

erythropoietic response in polycythemic mice and also by reports that con-

centrates of normal human plasma are erythropoieticallv active.11”4 Recently

Reichlin and Harrington15 demonstrated erythropoietin in the plasma of nor-

mal rats, although the plasma of hvpertransfused rats was virtually devoid of

activity. Evidence is therefore accumulating to support the concept of con-

tinuous regulation of erythropoiesis by erythropoietin. Stohlman et al.,� h’�v-

ever, have raised objections to this concept that cannot be answered com-

pletely at this time. As a consequence of these objections, they have POStulllteCl

a dual regulation of er�thropoiesis, the details of which remain to be elucidated.

According to Linman and Bethell,” a relatively thermolabile, ether-insoluble

agent, mucoprotem in nature, is responsible most probably, for initiating

erythrocytic differentiation of the stem cell and also for enhancing hemoglobin

synthesis; a second factor, probably lipid in nature, stimulates division of the

erythrocytic precursors. If the lipid factor serves as a regulator of division of

the erythrocytic precursors, we must conclude either that this factor (itself in-

capable of inducing differentiation of the stem cells) was already present in

excess quantities in our animals; or that it was somehow produced or activated,

directly or indirectly, in response to the erythropoietin we injected.

The results of our study differ from those of investigators’7’� who have ob-

served increased erythrocyte counts following injections of erythropoietin

without a concomitant parallel rise in the blood hemoglobin fraction. Because

the state of iron balance in mice is precarious,” and because hypochromia and

microcytosis are the expected consequences of iron deficiency, our animals

were pretreated with iron dextran prior to the administration of erythropoietin.

Rises in hemoglobin and hematocrit, in addition to new red cell formation as

measured by reticulocytes, were observed in our study. Red cell counts were

made only after long courses of ervthropoietin injection, and at those times

no consistent hypo#{233}hromia or microcytosis were observed.

It has been concluded that erythropoietin acts by stimulating (lifferentiation

of primitive undifferentiated mesenchymal cells20 I; we have tentatively ac-

cepted this conclusion since Jacobson et al.2 reported that erythropoiesis can

he reinstituted in polycythemic mice by the injection of plasma containing a

high titer of erythropoietin. Stohlman22 considers that other mechanisms may

also be involved in the regulation of erythropoiesis and, although our results

do not give a conclusive answer to this question, we do not reject the possi-

bility that erythropoietin exerts a more complicated effect on red cell forma-

tion, in addition to a direct effect on the stem cell. Although we have not been

able to obtain a reticulocyte count as high as 2 per cent with a single injection

of erythropoietin,1 this value is clearly exceeded in the present study by use of

multiple injections. A plateau of approximately 5 per cent is reached when

multiple daily injections of 6 units are administered. If, in addition to induc-

ing differentiation, erythropoietin were to stimulate mitosis, a second injection,

given at a time when red cell precursors were present, might be expected to

#{149}produce a greater effect than the first injection. It seems unlikely, however,

that this is the case, since if there were any appreciable stimulation of mitosis

a greater reticulocyte response probably would have been found after two

injections than was observed. We believe that the present investigations, al-
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542 GURNEY, WACKMAN AND FILMANOWICZ

though employing techniques different from those of Alpen and Cranmore2#{176}

and Erslev,2’ are best explained by their conclusion that the primary action

of erythropoietin is on the stem cell, directing its differentiation into the red

cell series.

The progressively greater response to repeated doses of erythropoietin was

unexpected, and several explanations are possible. Perhaps some of the pre-

sumably large number of stem cells that do not undergo differentiation follow-

ing a single dose of ervthropoietin are, nevertheless, influenced in such a

manner as to facilitate response to subsequent injections. It is also possible

that part of the initial response in the polvcvthemic mouse takes the form of

ineffective red cell formation. Ineffective erythropoiesis has been described

in pernicious anemia by Finch et al.,23 and is considered to be present to some

degree in normal erythropoiesis by Stohlman24 and Lajtha and Oliver.25 If

erythrocyte production were to become more efficient as the time interval

between stimulations was (lecreased, then the number of stem cells activated

by the third or fourth injection of erythropoietin, although no greater than

the number of those responding to the first injection, would lead to greater

numbers of reticulocytes. Again, if repeated doses of erythropoietin were to

cause the release of progressively younger reticulocytes into the circulation

(Gordon et al.26), then one might expect a reticulocyte rise greater than that

induced by a single dose, due to the progressive increase in mean life-span

of the reticulocytes in the peripheral blood.

Although a single injection of 6 units of erythropoietin appears to produce

a maximum erythropoietic response in the polycythemic mouse,1 it should

be emphasized that it does not follow that such a dose is maximal when ad-

‘ministered repeatedly. Recently it has been found that the injection of 10

units twice daily for five days produces a reticulocytosis of 20 to 25 per cent

in young Swiss mice.27 This further directed our attention to the problem of

the manner in which the stem cell pooi responds to stimulation under varying

conditions.

Because it is not technically possible to perform serial kinetic studies of

iron metabolism in small animals, we chose to measure erythropoietic responses

in some of the present experiments by degrees of reticulocytosis. Limitations

of and objections to the use of this parameter as an index of erythropoiesis

should therefore be considered, since they may account for some of our results.
It has already been shown that red cell precursors do not always follow pre-

cisely the same pattern in the course of their maturation.28 It is not essential

that all new red cells entering the peripheral blood do so as reticulocytes. It

is, however, necessary that the age distribution of any crop of reticulocytes,

and the ratio of reticulocytes to total number of new red cells formed in one

span of time, should approximate these values at any other time if reticulocytes

are to be employed as a reliable index of red cell production. There are at

present no data known to us that indicate how constant or variable these rela-

tionships might be in experimental conditions similar to those employed here.

In addition to the explanations already considered, therefore, another is sug-

gested that could explain the progressive elevation of the reticulocyte level

following multiple injections of erythropoietin. If a larger fraction of the first
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wave of reticulocyes produced in response to the first injection of erythropoie-

tin were to be held up in the marrow or spleen for completion of maturation

than was held up after subsequent injections, a result similar to the one ob-

served would be expected.

Still another problem in the interpretation of changes in reticulocyte counts

after multiple injections of erythropoietin is posed by our decision not to cor-

rect reticulocyte counts for falling red counts. Since the hematocrits of poly-

cythemic mice fell at a rate of approximately 1.7 per cent per day ( fig. 5),

presumably the red counts also fell at approximately this rate. Ideally, reticulo-

cyte counts should be recorded as an absolute number per cubic millimeter

of blood or as a per cent of normal red cells,29 but the required daily red

counts were not done because it was essential to minimize blood loss. Although

only small amounts of blood are needed to fill a red cell pipette, the repeated

free flow of blood necessary to insure reliable red counts cannot be hazarded

without jeopardizing the polycythemic state in the small animals employed.

It seems unlikely, however, that more than a small part of the discrepancy

between the expected and observed maximum values in figs. 2 and 3 could he

attributed to a cumulated fall of 8 to 10 per cent in the red count in the five

days preceding the peak reticulocvte level attained in animals receiving

multiple doses of erythropoietin.

The demonstration that there is a smaller erythropoietic response to a single

submaximal dose of erythropoietin than is obtained when this dose is divided

into several smaller doses, warrants some consideration. Although 3 units was

chosen for this experiment because we have previously demonstrated that the

response to this dose is well below the response to a larger dose,’ further

extensive investigations of dose-response relationships will be required be-

fore the response to fractionizing of a given amount of erythropoietin can he

explained. If, as has been suggested,7’3#{176} the dose-response relationship is an

exponential one, it is reasonable to expect that a submaximal hut substantial

amount of erythropoietin will produce a greater response when divided into

several doses than when given as a single injection. Whatever the explana-

tion, the observations recorded here suggest that a slow sustained release of

erythropoietin might be even more effective in promoting erythropoiesis.

When changes in the erythropoietic stimulus are induced endogenously, as

contrasted to the administration of injected erythropoietin, the response is

probably evenly modulated and slowly changing. If this is true, a more effec-

tive yield of red cells during physiological erythropoiesis may be expected

in response to endogenously produced erythropoietin than has yet been

described following administration of erythropoietin under experimental con-

ditions.

Taking all the objections into consideration, the results of our investigations

are presented at this time because (1) they confirm the importance of erythro-

poietin in the regulation of erythropoiesis, (2) they demonstrate the striking

erythrocytosis that can be produced in the muose by erythropoietin, and (3)

they point the way to more extensive investigations of the process of red cell

formation. The degree to which the objections considered are valid can and

undoubtedly will be determined in the future, and modifications of the
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techniques employed should then facilitate study of some aspects of the

kinetics of erythropoiesis in greater detail.

SUMMARY

The transfusion-induced polycythemic mouse is an ‘�xcellent subject in which

to study the physiology of erythropoiesis because endogenous erythropoiesis

is reduced in a manner that does not appear to impair, to any recognizable

degree, the animal’s ability to respond to an ervthropoietic stimulus.

Using a purified glycoprotein, ervthropoietin, obtained from the plasma of

anemic sheep, a number of experiments was carried out on polycythemic mice.

Morphological evidence of erythropoiesis in the spleen was observed following

a single subcutaneous injection of erythropoietin. A cumulative response to

multiple injections was noted. For a given total dose of erythropoietin, a

greater response was produced when this amount was fractioned than when

it was administered as a single dose. Animals made polycythemic by transfu-

sion were maintained in a polycythemic state by daily injections of erythro-

poietin. Finally, a true erythrocytosis was produced by a prolonged course of

injections of erythropoietin in normal mice.

SUMMABIO IN INTERLINGUA

Le mus con polycythemia inducite per transfusiones es un excellente sub-

jecto pro le studio del physiologia del erythropoiese, proque le endogene

erythropoiese es reducite in illo in un maniera que non pare reducer a grado

notabile le capacitate del animal de responder a tin stimulo erythropoietic.

Un numero die experimentos esseva executate in muses polycvthemic, em-

pleante erythropoietina, tin purificate glycoproteina obtenite ab he plasma de
oves anemic. Evidentias morphologic de erythropoiese esseva observate in le

splen post tin sol injection suhcutanee die erythropoietina. Un responsa cumula-

tive a multiple injectiones esseva notate. Un plus grande responsa esseva

producite per tin date dosage total de erythropoietina quando iste quantitate

esseva fractionate que quando illo esseva administrate in un sol colpo. Ani-

males facite polycythemic per transfusiones esseva mantenite in he stato poly-

cythemic per medio de injectiones diari de erythropoietina. Finalmente, tin ver

erythrocytosis esseva prodticite in muses normal per medio de tin prolongate

ctirso die injectiones de erythropoietina.

REFERENCES

1. Fih,ianowicz, E., and Gurney, C. \V.: polycythenuc rodents to erythropoie-

Studies an erythropoiesis. XVI. The tin. Proc. Soc. Exper. Biol. Med. 94:

response to a single dose of erythro- 243-249, 1957.

poietin in the polycythemic mouse. J. 3. Goldwasser, E., and \Vhite, W. F.: Pur-

Lab. Clin. Med. 57:65-72, 1961. ification of sheep erythropoietin. Fed-

2. Jacobson, L. 0., Goldwasser, E., Plzak, eration Proc. 18:236, 1959.

L. F., and Fried, \V.: Studies on 4. Jacobson, L. 0., Gurney, C. W., and

erythropoiesis. IV. Reticulocyte re- Goldwasser, E.: The control of eryth-

sponse of hypophysectomized and ropoiesis. In Advances in Internal

D
ow

nloaded from
 http://ashpublications.org/blood/article-pdf/17/5/531/570210/531.pdf by guest on 19 M

ay 2023



ERYTHROPOIETIC RESPONSE TO ERYTHROPOIETIN 545

Medicine, Vol. 10, \V. Dock and I.

Snapper, Eds., pp. 297-327. Chicago,

The Year Book Publishers, Inc., 1960.

5. Linman, J. W., and Bethell, F. H.: Fac-

tors Controlling Erythropoiesis,

Springfield, Ill., Charles C Thomas

Co., 1960.

6. Stohlman, F., Jr., Brecher, C., and Mac-

Kinney, A. A.: Polycythemic response

to erythropoietin compared with a

short-term assay. J. Clin. Invest. 39:

1032-1033, 1960.

7. White, W. F., Gurney, C. WT., Gold-
wasser, E., and Jacobson, L. 0.: Stud-

ies on erythropoietin. In Recent Prog-

ress in Hormone Research, Vol. XVI.

G. Pincus, Ed., pp. 219-262. New

York, Academic Press, Inc., 1960.

8. Carnot, P., and D#{233}flandre, C.: Sur l’ac-

tivit#{233} h#{233}mopoi#{233}tique du serum.

Compt. rend. Acad. d. sc. 143:384-

386, 1906.
9. Gordon, A. S.: Hemopoietine. Physiol.

Rev. 39:1-40, 1959.

10. Erslev, A.: Hematology: Control of red

cell production. Ann. Rev. Me(l. 11:

315-332, 1960.

11. Reeve, E. B., Allen, T. H., and Roberts,

J. E.: Blood volume regulation. Ann.

Rev. Physiol. 22:349-380, 1960.

12. Gley, P., and Delor, J.: Sur quelques

propri#{233}t#{233}sphysicochiniiques de l’h#{233}m-
atopoi�tine. Compt. rend. soc. biol.

149:635-637, 1955.

13. Gurney, C. \V., Goldwasser, E., and

Pan, C.: Studies on erythropoiesis.

VI. Erythropoietin in human plasma.

J. Lab. Clin. Med. 50:534-542, 1957.

14. Bethell, F. H., Linman, J. W., and

Korst, D. R.: Erythropoietic activity

of “anemic” and “polycythemic”

plasmas. Trans. Assoc. Am. Physcns.

70:297-304, 1957.

15. Reichlin, M., and Harrington, W. J.:
Studies on erythropoietin. I. Demon-

stration of erythropoietin in normal

plasma. Blood. 16:1298-1306, 1960.

16. Linman, J. W., and Bethell, F. H.: Fac-
tors in the control of haemopoiesis.

A Ciba Foundation Symposium on

Haemopoiesis, p. 369. London,

Churchill, 1960.
17. Linnian, J. W., Bethell, F. H., and

Long, M. j.: Studies on the nature of

the plasma erythropoietic factor(s). J.
Lab. Clin. Med. 51:8-16, 1958.

18. Gordon, A. S.: Influence of humoral
factors on erythropoiesis. Am. J. Clin.

Nutrition. 5:461-472, 1957.

19. Jacobson, L. 0., Marks, E. K., and

Gaston, E. 0.: Studies on erythro-

poiesis. XII. The effect of transfusion-

indticed polycythemia in the mother

on the fetus. Blood. 14:644-653,

1959.

20. Alpen, E. L., and Cranmore, D.: Obser-

vations on the regulation of erythro-

poiesis and on cellular dynamics by

Fe59 autoradiography. In The Kinetics

of Cellular Proliferation. F. S. Stohi-
man, Jr., Ed., pp. 290-300. New

York, Grime and Stratton, 1959.

21. Erslev, A. J.: The effect of anemic

anoxia on the cellular development of

nucleated red cells. Blood. 14:386-.

398, 1959.

22. Stohlman, F.: I)iscussion of kinetics of

red cell proliferation. In The Kinetics

of Cellular Proliferation. F. S. Stohl-

man, Jr., Ed., pp. 325-329. New York,

Grime and Stratton, 1959.
23. Finch, C. A., Coleman, I). H., Motulsky,

A. G., Doiiohue, D. M., and Reiff, R.
H.: Erythrokinetics in pernicious

anemia. Blood. 11:807-820, 1956.

24. Stohlman, F.: Observations on the

kinetics of re(l cell proliferation. In
the kinetics of Cellular Proliferation.

F. S. Stohlman, Jr., Ed., pp. 318-324.

New York, Grune and Stratton, 1959.

25. Lajtha, L. C., and Oliver, R.: Studies

on the kinetics of erythropoiesis: A

model of the erythron. A Ciba Found-

ation Symposium on Haemopoiesis.

P. 289. London, Churchill, 1960.

26. Gordon, A. S., Winkert, J. W., Dorn-

fest, B. S., LoBue, J., and Crusco, A.:

Properties of the Urinary Erythro-

poietic-Stimulating Factor (ESF). In

The Kinetics of Cellular Proliferation.

F. S. Stohlman, Jr., Ed., pp. 332-343.

New York, Grune and Stratton, 1959.

27. Gurney, C. \V.: Unpublished dat3.
28. Suit, H. D., Lajtha, L. C., Oliver, R.,

and Ellis, F.: Studies on the Fe59 up-

take by normoblasts and the failure

D
ow

nloaded from
 http://ashpublications.org/blood/article-pdf/17/5/531/570210/531.pdf by guest on 19 M

ay 2023



546 GURNEY, WACKMAN AND FILMANOW1�

of X-irradiation to affect uptake. Brit.

J. Haematol. 3:165-174, 1957.

29. Bothwell, T. H., Hurtado, A. V., Dono-

hue, D. M., and Finch, C. A.: Ery-

throkinetics. IV. The plasma iron turn-

over as a measure of erythropoiesis.

Blood. 12:409-427, 1957.

30. Hodgson, G., Perreta, M., Yudilevich,

D., and Eskuche, I.: Assay of “hemo-

poietine” in starved animals. Proc.
Soc. Exper. Biol. \led. 99:137-142,

1958.

Clifford W. Gurney, M.D., Argonne Cancer Research Hospital,

USAEC; Associate Professor, Department of Medicine, Uni-

cersity of Chicago, Chicago, Ill.

Nancy \Vackma n, B. S., Argon iie Cancer Research Hospital,

USAEC; University of Chicago, Chicago, ill.

Edward Filma nowicz, A .B., Argonne Cancer Research Hospi-

tal, USAEC; Senior Medical Student, Department of M#{128}di-

cine, University of Chicago, Chicago, ill.

D
ow

nloaded from
 http://ashpublications.org/blood/article-pdf/17/5/531/570210/531.pdf by guest on 19 M

ay 2023




