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Effect of Various Hormones
on Red Cell Production in
Mice™

C. Haber, Ph. D.** | D. Firat, M. D.*** [ S, Leff***%*

he influence of some hormones on erythropoiesis is well documented.!-3
Recently, it has been shown that certain steroid metabolites stimu-
lates red blood cell production.®

Erythropoietin (erythfocyte stimulating factor, ESF) is the major
factor governing erythropoiesis.”™ It appears that some of the hormones
influence blood cell production via an effect on erythropoietin levels.5 10 11

However divergent opinions still exist regarding the erythropoietic
effectiveness of some hormones-perhaps due to the variety of animals,
techniques, dosages and assay methods used. I most cases, only one or
few hormones were evaluated by a single group of workers. There
appears to be on recent study of the effect of a large number of hormones
on red cell and erythropoietin production.

In this study, the erythropoietic effect of a large number of hormones,
as determined by 48 hours Fe59 incorporation into circulating red cells
of protein depiver CFI female mice, is presented. Doses of hormones
used were based on doses employed clinically so that results obtained
would be more meaningful when applied to man. In the first part of
the study the effect of daily injections of each hormone on Fe59 incor-
poration by red blood cells of mice was determind. In the second part,
the effect of 7 daily injections was studied. Finally, in order to determine
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TABLE 11
EFFECT OF HORMONES ON RED CELL PRODUCTION

Hormones without significant stimulatory cffect (P> 0.05)

9/, Fe59 Incorporation
Dosage 1. P.,, No. of Into Rbc of Mice

Hormones 2 Days Mice (Mcan)
Insulin 0.04 u 3 4.98 4 3.4*
Glucagon 0.005 mg 6 3.78 + 1.5
ACTH 0.16 u 5 2.75 + 1.7
Thyroxin 1 ug 6 2.65 &+ 1

Hydrocortisone 0.1 mg 5 2.3¢ 4+ 1

Premarin 0.1 mg 5 1.49 4- 0.3
Saline Control 6.2 ml 20 2.79 4+ 1.6

* Standard Deviation of the Mecan

While some hormones had no effect, estrogens (premarin) actually
depressed the rate of red cell production in mice in 48 hours (Table II).

Injections of hormones daily for a longer period of time (7 days)
gave results similar to those obtained by two day injections. Hormones
most effective in stimulating erythropoiesis in 2 day injections signifi-
cantly increased Fe59 incorporation into red cells of the mouse
compared to saline controls (Table III). Adrenalin, however, appeared
to be significantly inhibitory when injected for a longer period of time
(7 days) compared to saline control (P<0.02), while pitressin and proges-
terone became ineffective in stimulating erythropoiesis.

The mechanism of the erythropoietic effect of hormones was inves-
tigated by simultaneous injections of hormones and anti-ESF. The simul-
taneous use of anti-ESF resulted in further suppression of endogenous
erythropoietin of the mouse in saline injected controls and completely
abolished erythropoietic effect of TSH, Testosterone and pitressin (Table
IV). These neutralising effects of anti-ESF were significant.

Discussion

Our results confirm the stimulatory and inhibitory effect of androgen
and estrogen on red cell production reported previously.?2 1319 The
clinical use of androgens to treat certain anemias?® 2! is thus sup-
ported by this study. Furthermore, since erythropoietic effect of androgen
appears to be through stimulation of erythropoietin, shown here (Table
IV) and by others, 19 11 26 the use of androgen in trcatment of anemias
characterized by low level of circulating erythropoietin may also be
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beneficial. In view of the general anabolic effect of androgens, a direct
effect on bone marrow stem cells aside from an effect on ESF levels by
androgen therapy should also be considered, since in most instances
where androgen therapy was reported to be beneficial, the anemia °
was characterized by a generalized bone marrow hypoplasia or aplasia
despite normal or increased erythropoietin levels.!? 20 2! Dose and
treatment schedules may account for differences in clinical results.
Dosages and injection schedules appeared to influence the results in our
experiments {Table I and III). Perhaps the accumulative effect of high
doses of androgen in the group receiving daily injections for 7 days is
responsible for the lower erythropoietic elfect.

The adverse effect of daily treatments was also observed with other
hormones. Prolonged treatment of mice with growth hormone and
prolactin did not increase the moderate stimulatory effect above that
observed alter two days treatment (Tables I and III). Adrenalin injec-
tions for 7 days actually resulted in depressed erythropoiesis, while treat-
ment for 2 days enhanced erythropoiesis. Pitressin and progesterone
became ineffective in stimulating red cell production when given for
7 days. It appears that certain hormones may stimulate or depress
erythropoiesis depending on the dose and duration of treatment in mice.

Thyroid Stimulating Hormone (TSH) appears to be almost as
effective as androgen in stimulating erythropoiesis (Table I). This effect
is probably due to the increased production of erythropoietin following
since it is completely abolished when anti-ESF is injected simultaneously
(Table IV). Although thyroxin is also reported to stimulate erythropo-
iesis,* 22 we could not substantiate erythropoietic effect of thyroxin
administered for short time. It may however increase the metabolic
demand for oxygen, and thus erythrocyte production when administered
for a longer period of time. '

Erythropoietic effect of prolaction, oxytocin and pitressin was
previously reported by Jepson.?#-26 Our findings confirm their results
(Table I). However, pitressin appeared to be a significantly more
potent stimulant to erythropoiesis when injected for 2 days only, its
effect being mediated via stimulation of erythropoietin?® (Tables
I, III and IV).

In contrast to the results published by Van Dyke?” and Garcia?®
hydrocortisone and ACTH did not stimulate Fe59 incorporation into
red blood cells of the mouse (Table IIj.

Although some stimulatory effect of glucagon, and progesterone
was observed, their erythropoietic effect was of lesser magnitude.
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The mechanism of stimulation of red cell production by various
hormones other than erythropoietin is poorly understood. If it is me-
diated through increased erythropoictin production or release, this
may be a transient phenomenon at least for some of the known stimu-
latory hormones. It is conceivable that the initial increase of circu-
lating erythropoietin level induces feed back inhibition or is counteracted
by anti-erythropoietic factors when a certain plateau is reached. !2
Other alternatives would be inhibitory effect of cumulative hormones
or increased number of newly released red cells in circulation. However
the latter, if important, is too small to detect by the routine hematocrit
determinations we have performed and in such short term experiments.
Finally, peculiarity of physiological responses inherent to species and
initial erythropoietin stimulation by non-specific factors which can
be detected by the assay method used have also to be considered. '3
These are in accordance with our results of 7 days injection experiments
and with the fact that the polycythemia is not a common finding in
clinical syndromes characterised by increased production of certain
hormones, known to stimulate erythropoiesis in animal experiments.
Direct eifect on maturation or release of red cell precursors in the bone
marrow has been postulated for testosterone but not for other hormones.

Summary

The effect of various hormones on red cell production in mice
has been studied using protein deprived CFI adult female mice. Fe59
incorporation into circulating red cells was used as an index of the
erythropoiesis. ‘

The majority of the hormones had a stimulatory effect on red
cell production of mice when injected for 2 days. However only an-
drogens, TSH, growth hormone and prolactin demonstrated a sus-
tained effect when injected daily for longer period of time. Their ery-
thropoietic effects appeared to be mediated via stimulation of ery-
thropoietin production.
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