The Turkish Journal of Pedialrics
1972 / Vol. 14 |/ No. 2 / pp. 52 - 61

A Modified Erythropoietin
Bioassay Using Protein
Deprived Mice™

D. Firat, M. D.** | C. Haber, Ph.D.***

humoral factor regulating the production of erythrocytes (erythro-

cyte stimulating factor, ESF or erythropoietin) has been described
since the turn of the century.! The subject has been reviewed by Gor-
don,? Gurney,? and recently by Krantz and Jacobson.*

The study of erythropoietin requires adequate assay methods.
Such methods are still the subject of discussion, and a simple, fast
reasonably reliable method, especially suitable for clinical use has not
been. described. In vivo assay methods now depend in large measure
on increased Fe59 incorporation into newly formed red blood cells
after administration of the test material to the assay animal.

Although the plethoric rat and especially the mouse are the assay
animals generally used in highly refined work, ch01ce of the assay animal
is still a matter for debate.’-7

Plethora production by hypertransfusion of red blood cells or
exposure to an hypoxic environment are tedious and time consuming. 8¢
Although the plethoric animal is believed to be very sensitive to
exogenous erythropoietin, production of plethora is tedious and stress-
ful to the animal. Such an animal is of limited value in clinical medicine.
On exposure of animals to hypoxia, food consumption is decreased
and its utilization disturbed. A diet rich in protein under these circum-
stances is actually harmful.!® ' Repeated transfusions, are not
without their undesirable side effects.!? The polycythemic animal,
per se, is still being studied.!'s
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Hypophysectomized and starved animals have also been em-
ployed. The objection to their use has been their sensitivity to plasma
factors unrelated to the amount of erythropoietin present.> Adamson
and his coworkers advocate a combination of fasting plus hypoxic
polycythemia.!4

In vitro assay methods have not been refined to the point where
they can be routinely used to test for erythropoietin.’

It appears that a quick, simple and practical assay method reason-
ably sensitive to erythropoietin levels, is needed.

The purpose of this investigation is to explore the usefulness of
protein deprived CFI adult female mice, in detecting plasma ery-
thropoietin levels.

The first part of the study deals with the effect of various periods
of protein deprivation, starvation and plethora in redicing endogenous
erythropoietin production, to achieve optimum sensitization to exo-
genous erythropoietin. Following this, the sensitivity of these animals
to various doses of erythropoietin is presented. Finally, the sensitivity
of protein deprived mice to exogenous erythropoietin in the presence
of non-specific plasma factors in the plasma being assayed is demon-
strated by studying the effects of ESF antibodies on erythropoiesis of
mice injected with ESF, or plasma.

Materials and Methods

Adult CFI female mice* weighing approximately 20-25 grams
were used as assay animals.

The effectiveness of various dietary regimens and of hypoxia in-
duced polycythemia in reducing endogenous erythropoietin production
and thus increasing the sensitivity of the mice constituted the initiated
study. Groups of 6 mice were placed on a protein free diet** for three,
four or seven days or starved for four days following which they recei-
ved their regular diet.*** Mice maintained on regular diet only served
as controls (Table I). On day four and five they received daily injec-
tions of 0.5 milliliters, intraperitoneally (i.p.), of physiological saline,
donor plasma or other test substances. Radioactive ferrous citrate****
(Fe59), 0.5 microcuries in 0.5 ml of saline, was injected i.p. into each
mouse on the 6th day. 48 hours later, animals were briefly anesthetized

* Carworth Farm, New York City, New York.

** Nutritional Biochemical Corporation, Cleveland, Obhio.

*** Pyrina Lab Chow, Ralston Purina Co., Checkerboard Square, St. Louis,
Missouri.

**%* Ferrutope (Fe59), Mallinckroft Nuclear, St. Louis, Missouri.
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with ether and sacrificed by exanguination. The radioactivity of 0.5
ml of whole blood was then determined in a well type scintillation
counter. Erythropoietic activity (therefore the level of erythropoietin)
was expressed as per cent incorporation of injected Fe59 (standard
solution) into circulating red blood cells of the mice in 48 hours using
the following equation: Cy

Total radioactivity in circulating blood x 100
Radioactivity of injected Fed59

% Fe59 incorporation =

Total circulating blood of the mouse on 4 days protein deprivation
diet was calculated to be 5.5%, of the body weight, based on determi-
nations made by exanguination.

Hypoxic polycythemia was produced by placing animals in semi-
permeable silicone rubber membrane enclosures* for three weeks as
described elsewhere.!'’-'7 They were then placed in room air. On
day four and five following return to room air they received i.p. injec-
tions of assay materials. The assay then followed the routine proce-
dure. These animals were maintained on regular diet throughout.

Preparation of the mice by placing them on protein free diet for 4
days described in detail above was accepted as the best method (See
Discussion) and was used routinely for the remainder of the studies.
Dilutions of all materials were made in physiological saline. Groups of
5-6 animals were used for each assay and averages taken. Saline controls
were kept throughout.

The sensitivity of the assay animals to various doses of exogenous
erythropoietin was tested by injecting 0.01 to 4 units of Step III eryt-
hropoietin obtained from phenylhydrazine treated sheep** (Figure 1).

In order to ascertain the specificity of the assay method in detecting
erythropoietin, and not simply non-specific plasma factors rabbit anti-
human - erythropoietin*** was utilized in various doses together with
human plasmas, Step III sheep erythropoietin and saline (Table II).

Results

The effect of various dietary regimens and polycythemia, induced
by hypoxia, on red cell production of the mouse, as measured by per

* General Electric Corporation, Schenectady, New York.
** Step IIIsheep erythropoictin was obtained from Connought Medical Rescarch
Laboratories, Toronto, Canada.
*** Rabbit anti-human erythropoietin was obtained through the courtesy of Drs.
J. Schooley and J. Garcia at the University of California, Berkeley, Calif.



TABLE II

SUPPRESSION OF ERYTROPOIETIC EFFECT OF PLASMA AND ESF BY ANTI-ESF
% Fe59 Incorporation into RBC of Mice

Amount of Anti-ESF

Plasma (Donors) Hb (Gm %) Without Anti-EsF With Anti-EST (Units)***
l 14 27.40* 4 1.98** 18.00 + 2.26 1.0
2 15.5 23.17 + 4.26 15.45 4 3.92 1.0
3 16.8 27.75 4 5.26 14.96 + 1.69 0.2
11.16 + 1.24 0.4

4 12.8 16.80 + 5.45 8.72 4+ 4.34 0.1
ESF (Step III) 0.1 U. - 20.92 4 3.77 10.50 + 0.31 1.0
Saline - 2.35 + 0.46 0.39 £+ 0.30 0.4
2.88 4 1.02 1.37 £+ 0.65 0.1

* Average of 5-6 Assays
** Standard Deviation

**% Units capable of ncutralizing an equal number of IRP units
(International Reference Preparation units of erythropoietin)

Erythropoictic effect of human plasma and sheep erythropoietin is suppressed by simultancous administration of the rabbit -anti-ﬁuman

erythropoietin.
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Starvation also resulted in the loss of animals by cannibalism thus
fluctuating the level of endogenous erythropoietin suppression. Ani-
mals on the 7 days protein deprivation diet lost considerable weight and
became rather irresponsive to exogenous erythropoietic stimulation.
Erythropoiesis in mice on 4 days protein deprivation diet was consi-
derably depressed. This group of animals appeared to be in good health
and responsive to subsequent erythropoietic stimulations, thus most
suitable for the erythropoietin assay.

CFl adult female mice on 4 days protein deprivation diet were
quite sensitive in detecting exogenous erythropoietin. As little as 0.02
units of Step III sheep erythropoietin could be detected using one
standard deviation or 0.1 units using two standard deviations from the
mean (Figure 1). This compares favorably with the levels detectable
with the polycythemic mouse.? 18

Erythropoietic stimulation of normal human plasma could also be
measured with this assay as demonstrated in Table II. These results
are similar to those obtained in a previous study.!? Since non-specific
stimulation of erythropoiesis by non-specific plasma factors can occur
in protein deprived animals, specificity of the assay was further studied
by using antibodies against erythropoietin. Injecitons of various doses
of anti-erythropoietin only partially suppressed the stimulatory effect
of human plasma or sheep erythropoietin, indicating that some non-
specific stimulation of Fe59 incorporation was present (Table II).
However, the fact that there was significant suppression indicates the
sensitivity of the method to ESF in plasma. Since rabbit anti-human
erythropoietin used here suppressed the effect of human erythropoietin
(in plasma) as well as the effect of sheep erythropoietin (Step III) and
endogenous erythropoietin of the mouse (saline controls), the lack
of species specificity of the erythropoietin and its antibody is indicated.

The non-specific stimulation of the erythropoiesis was not dué to
B complex vitamins absent in the diet nor to degraded protein products
since the injections of B complex vitamins and blood hydrolysates failed
to increase Fe59 incorporations.?- The non-specific stimulation of the
erythropoiesis could not be explained by the presence of various hormones
(e.g. androgens, pitressin) in the injected plasma, since the hormones
exert their erythropoietic effect through the stikulation of erythropoietin
production which would have been neutralised when anti-erythropo-
ietin was used simultaneously.?!

Although the assay is somewhat influenced by non-specific plasma
factors, it is quite sensitive to plasma erythropoietin levels. It may be
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