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Administration of Testosterone' (38767)

Y. MORIYAMA anp JAMES W. FISHER

Department of Pharmacology, Tulane University School of Medicine, New Orleans, Louisiana

Testosterone was found to produce a
significant increase in erythroid colony for-
mation in rabbit bone marrow cultures in
vitro using a methyl cellulose gel system (1).
The increase in the number of erythroid
colonies in cultures produced by testosterone
in vitro was completely inhibited by the
addition of busulfan (Myleran) to the
culture medium (1). Busulfan has been
postulated to block the formation of new
erythropoietin-responsive cells (ERC) from
hematopoietic stem cells (CFU) (2). Thus,
these findings suggest that testosterone may
act directly on CFU to enhance their dif-
ferentiation into the ERC compartment and
in the presence of erythropoietin (ESF) to
cause an increase in nucleated erythroid
cells (1, 3). It seems important in order to
gain a better understanding of the mechanism
of action of testosterone in erythropoiesis
and in the treatment of patients with refrac-
tory anemias to determine whether the in
vivo administration of testosterone increases
erythroid colony formation similar to that
seen following in vitro bone marrow stimula-
tion with testosterone (1, 3).

Therefore, the present study was under-
taken primarily to determine whether testos-
terone injections in vivo increases erythroid
colony formation in vitro in bone marrow
cultures.

Materials and Methods. Young female
New Zealand rabbits weighing approxi-
mately 2.5 kg were treated as follows:
Group I served as controls (no busulfan or
testosterone treatment); Group II animals
were injected with testosterone (5 mg/kg) im
and then killed for the bone marrow cul-
tures 18 h later; and Group III rabbits were
given busulfan (20 mg/kg) orally and fol-
lowed 24 h later by testosterone propionate

! Supported by USPHS Contract No. AM 70-2112
from the Autificial Kidney/Chronic Uremia Pro-
gram—NIAMDD.

(5 mg/kg) im and sacrificed for cultures of
erythroid colonies 18 h after the injection of
testosterone; Group IV rabbits were given
busulfan (20 mg/kg) orally and sacrificed
for cultures of erythroid colonies 42 h later.

A modification of the method of Iscove
et al. (4) was used in the in vitro assay for
erythroid colony formation as follows: Bone
marrow cells were removed from the femurs
of the rabbits treated as described above and
flushed into alpha-medium, dispersed
through a sterile pipette and washed twice
with cold alpha-medium containing 10%
fetal calf serum. For cultures of erythroid
colonies, 2 X 10° nucleated marrow cells
were plated in 35 X 10 mm plastic dishes in
1 ml alpha-medium containing 0.8 % methyl
cellulose, 30 % fetal calf serum, 1% bovine
serum albumin, penicillin (50 units) and
streptomycin (20 ug). Three plates were pre-
pared for each group. Cultures were incu-
bated for 4 days at 37° in a humidified at-
mosphere of 5% CO, in air. Erythroid
colonies containing 10 or more cells were
scored on 0.25 of the total plate area using
an inverted microscope at 75 X magnifica-
tion. Erythroid colonies were identified after
staining with benzidine (5). For each experi-
ment the number of erythroid colonies on
each of three replicate plates was averaged
and a mean and standard error determined.

Erythropoietin (ESF) levels of sera ob-
tained from all three groups were assayed
in the ex-hypoxic polycythemic mouse assay
(6) to determine the level of endogenous
ESF.

Results. Figure 1 shows the number of
erythroid colonies formed in cultures from
rabbits pretreated with either testosterone
or busulfan plus testosterone. The number
of erythroid colonies in bone marrows from
rabbits (Group II) treated with testosterone
in vivo was significantly (P < 0.01) higher
than that of controls (Group I). However,
this increase in the number of erythroid
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colonies in cultures stimulated by testos-
terone in vivo was completely blocked by the
concurrent administration of busulfan as
seen in the rabbits (Group III) treated with
busulfan orally and followed by testosterone.
Note in Fig. 1 that busulfan treatment alone
(Group IV) did not produce a significant
effect on the ability of the rabbit bone mar-
row to form colonies in vitro. The number of
colonies formed from bone marrows of the
busulfan treated group were not significantly
different from that of control marrows.

The effects of either testosterone alone or
busulfan plus testosterone on endogenous
ESF production are shown in Table I.
Plasma ESF levels in each group were unde-
tectable in our polycythemic mouse assay,
indicating that the administration of either
testosterone or busulfan plus testosterone did
not affect erythroid colony formation in our
culture system by increasing plasma ESF
levels.

Discussion. The present studies indicate
that erythroid colony formation in cultures
is enhanced in bone marrows from rabbits
pretreated with testosterone in vivo via a
mechanism which is not erythropoietin de-
pendent. This increase in erythroid colony-
forming ability observed with testosterone
treatment may result from either increased
replication of ERC or from an increase in
the differentiation of CFU into the com-
mitted erythropoietin responsive cell (ERC)
pathway.

In an attempt to determine the mechanism
of action of testosterone on erythropoiesis
the effects of administration of busulfan
before testosterone injections on erythroid
colony formation were assessed. The increase
in the numbers of erythroid colonies in cul-
tures stimulated by testosterone in vivo was
completely blocked when busulfan was given
orally before injecting testosterone. Busulfan
is postulated to block the formation of new
ERC from CFU (2), thus indicating that
testosterone probably acts directly on the
CFU to induce differentiation of CFU into
ERC. These findings were confirmed by our
observation of an increase in erythroid
colony forming ability in bone marrow cul-
tures with the addition of testosterone in
vitro (1). However, busulfan did not inhibit
the increase in the numbers of erythroid
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FiG. 1. Erythroid colonies formed in bone marrow
cultures from rabbits pretreated with either testos-
terone alone or busulfan plus testosterone.

* Significantly (P < 0.01) different from both
controls and busulfan + testosterone treated groups.

----- mean number of colonies in bone marrows
from three different rabbits treated with busulfan
alone.

TABLE 1. SeruM LEVELS OF ERYTHROPOIETIN
IN RABBITS TREATED WITH TESTOSTERONE
AND BUSULFAN.

ESF
No. of 9, *¥Fe incorpora-
Experi-  tion into RBC
Treatment ments + SEM?
Saline 0.43 + 0.14
0.05 Unit ESF 3.90 £ 0.72
Group I (controls) 6) 0.70 + 0.20=
Group II treated with 5) 0.65 £ 0.12¢
testosterone alone
Group III treated (5) 0.81 £ 0.22¢
with busulfan and
testosterone

e Not significantly different from saline con-
trols.

® Each mouse was injected s.c. with 1.0 ml of
serum on the sixth and seventh day out of the hy-
pobaric chamber.

colonies in cultures stimulated by ESF in
vitro. This suggests that the mechanisms of
action of testosterone and ESF on erythroid
cell Kinetics in vitro are different. Busulfan
pretreatment of rabbits alone did not affect
the ability of the bone marrow to form
erythroid colonies in our culture system.
Elson et al. (7) also reported that the rat



180

bone marrow only showed a slight decrease
in cellularity 48 h after the administration
of busulfan. The reason why busulfan in-
hibited the ability of testosterone to form
erythroid colonies but did not affect the
ability of ESF to form colonies can be ex-
plained by the fact that busulfan does not
decrease the DNA content or DNA synthesis
capacity of bone marrow cells (8). There-
fore, it is possible that the new DNA syn-
thesis required for cell division, which is not
inhibited by busulfan, is an important site
of action of ESF in enhancing erythroid
colony formation. On the other hand, testos-
terone probably increases the numbers of
erythroid colonies by inducing the CFU,
which is sensitive to inhibition by busulfan,
to differentiate into ERC. Thus, we postulate
that testosterone acts on the CFU in a
resting (G,) stage (9, 10) to induce their
differentiation into the ERC compartment
causing an increase in the numbers of nu-
cleated erythroid cells.

Summary. Changes in the numbers of
erythroid colonies formed in cultures from
rabbits pretreated with either testosterone or
busulfan plus testosterone were studied
using a methyl cellulose gel system. The
mean number of erythroid colonies in bone
marrows from rabbits treated with testos-
terone in vivo was significantly higher than
that of controls. However, this increase in
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erythroid colonies in cultures seen follow-
ing testosterone treatment was completely
blocked by the concurrent administration of
busulfan as seen in the rabbits treated with
busulfan orally and followed by testosterone
injections. Busulfan has been postulated to
block the formation of new erythropoietin
responsive cells (ERC) from hematopoietic
stem cells (CFU). Thus, these findings sug-
gest that testosterone may act directly on
CFU to enhance their differentiation into
the ERC compartment causing an increase
in nucleated erythroid cells.
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