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A Combination of Fast-Clearance Nandrolone Plus 
Low-intensity Aerobic Exercise Improves 

RBC Indices in Anemic Aging Mice
Michelle Lia, Shalener Bhasina, Eric Bachmanb, Liming Penga, Wen Guoa, c

To the Editor

Anemia is a common health disorder in the aging population. Con-
ventional therapy to treat anemia with recombinant erythropoietin 
(rhEpo) has limitations for elderly patients in part because endog-
enous Epo increases with age even before, and rises further after, 
anemia becomes apparent [1]. Androgen therapy, the mainstay for 
anemia treatments before the advent of rhEpo, thus deserves a 
reevaluation. Low testosterone is not only a marker, but also 
can be a cause, of anemia in the elderly [2-4]. Androgen-in-
duced erythropoiesis is a long-standing clinical observation 
recently recapitulated in rodent models. A main disadvan-
tage of androgen therapy is the concern for cardiovascular 
risk [5]. Noticeably, most clinical and animal studies use 
esterified androgen to prolong the drug half-life, sustaining 
tissue exposure to supraphysiological androgen stimula-
tion. This may contribute to cardiac hypertrophy, at least in 
animal models [6]. We thus tested the effect of intermittent 
injection of a fast-clearance androgen (unesterified nandro-
lone) on RBC indices in older mice which developed anemia 
as a consequence of aging. We also tested whether adding a 
routine low-intensity aerobic exercise may enhance the ef-
fect of this intervention.

The study was conducted on male C57BL/6 mice of 26 - 
28 months, corresponding to the 50-40% strain survival win-
dow. Twenty-four anemic mice (hematocrit 29-37%) were 

evenly divided into four groups as control (c), nandrolone 
(n), exercise (ex) and exercise plus nandrolone (nex). Nan-
drolone or vehicle (sesame oil) was injected twice per week 
(100 mg/kg, 100 ul, sc). Body composition, grip-strength 
and blood were measured before and after the experiment. 
Animals were trained twice per week as described [6]. Se-
rum nandrolone concentration was measured three days after 
injection using MASS and estimated to be 250 - 1,000 ng/
dl within hours post injection but drop to 3 - 5 ng/dL after 
48 h. The steady-state concentration was substantially lower 
than serum testosterone propionate injected at half the dose 
[6]. To confirm that the nandrolone was functional, we per-
formed Western analysis for splenic nuclear androgen recep-
tor (AR). In the absence of androgenic ligands, AR is target-
ed to degradation without nuclear accumulation. As shown 
in Figure 1A, nuclear AR was undetected in control animals. 
At 24 h post injection, nandrolone increased nuclear AR but 
to a lesser extent compared to that induced by testosterone 
propionate, suggesting that nandrolone is sufficient to acti-
vate AR without sustaining high androgen concentrations in 
circulation. Treatment with nandrolone for two months did 
not change skeletal and cardiac muscle mass (not shown), 
compared to 30% historic increase of each after treatment 
with testosterone propionate following otherwise identical 
experimental protocols [6].

Changes in RBC indices for each animal were obtained 
by subtracting the baseline data from the final measure-
ments. A numerical increase in hemoglobin (HgB) was in-
duced by exercise and more by nandrolone; but each did not 
reach statistical significance. A combination of exercise and 
nandrolone, however, induced a significant increase in HgB 
(Fig. 1B). Similar effect was observed for RBC and hema-
tocrit (Fig. 1C, D). Serum iron was not different among the 
four groups (Fig. 1E) but transferrin saturation (TSAT) was 
similarly increased by each intervention (Fig. 1F). TSAT is a 
measure of transferrin-bound iron, the major source of hemo-
globin iron. Finally, we assessed the effect of each interven-
tion on grip-strength for functional assessment. As shown in 
Figure 1G, grip-strength at baseline was somewhat higher 
in the control group. Two months later, all animals showed 
age-related loss in grip-strength, but this loss was attenuated 
by about 50% in animals that went through exercise or nan-
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drolone interventions, alone or in combination (Fig. 1H).
Together, our results demonstrate that administration of 

fast-clearance nandrolone to older mice was able to mod-
erately activate AR without sustaining tissue exposure to 
high concentrations of androgen, minimizing the risk for 
androgen-induced cardiac hypertrophy. Nandrolone in-
creased serum TSAT and numerically raised RBC indices. 
Studies using a larger sample size are warranted. Routine 
low-intensity exercise was also able to increase serum TSAT 
and produce a small numeric increase in RBC indices. Most 
important, a combination of nandrolone and low-intensity 
exercise caused a robust increase in RBC indices, reversing 
anemia in these animals. Although mechanism remains to be 
determined, we suggest that the increase of oxygen demand 
during exercise may contribute. At the functional level, each 
intervention was able to delay the age-related loss of grip-
strength, as would be expected. 

Due to their weak anabolic effect, unesterified andro-
gens are rarely used for in vivo studies. Our results suggest 
that one may take advantage of this “weakness” and turn it 
into strength for treating anemia while minimizing risk for 
cardiac hypertrophy. Further investigations are needed to in-

vestigate the mechanism of each and combined intervention(s), and 
to explore potential clinical applications.
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for splenic nuclear androgen receptor (AR) with histone3 (H3) as loading control; changes in (B) hemoglobin (C) RBC counts (D) he-
matocrits*; (E) serum iron, (F) serum transferrin saturation, (G) baseline grip strength, (H) changes in grip strength after two months 
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