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Effects of estrogen replacement or exercise on skeletal muscle

performance of ovariectomized female rats
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ABSTRACT

Menopause is a result of ovarian hypofunction, believed to underlie muscle weakness and
loss of muscle mass because of estrogen deprivation. This loss may contribute to a decrease of
muscle strength and muscle function. The mechanism of sarcopenia in menopause remains unclear.
The aim of this study was to investigate the effect of ovariectomy and various doses of estrogen
replacements on estrogen and estrogen receptors levels, muscle size, muscle function and
parvalbumin levels of EDL and gastrocnemius muscles. Twelve-week old female Wistar rats were
randomly divided into 5 groups ; Sham, ovariectomized (OVX), OVX groups that received 10 weeks
estrogen replacement of 10 pg/kg (E10), 20 ug/kg (E20) and 40 ug/kg (E40). The results showed that
the estrogen levels, myofiber cross-sectional areas, force and fatigue resistance were significantly
reduced in the OVX group compared to those of the sham group (p<0.05). Estrogen replacements
tended to increase myofiber cross-sectional areas, improve the muscle functions and relaxation time.
Moreover the results demonstrated that the 0. and B estrogen receptors immunoreactivity was
decreased in the OVX groups and restored in the estrogen replacement groups. Parvalbumin levels
was siénificantly reduced in the OVX group (p<0.05) whereas in the estrogen replacement groups
there was significantly increase of parvalbumin levels compared to that of the OVX group (p<0.05)
and similar to that of the sham group. The results demonstrated that a decrease of estrogen levels
may lead to a reduction of estrogen receptors. A decline of both estrogen and estrogen receptors
may result’in a decrease of gene expression leading to a decline in muscle protein synthesis that
cause a reduction of muscle size and parvalbumin levels. A decrease of parvalbumin levels results in
a decrease of relaxation efficiency which leads to slow contraction. This cause a decrease of muscle
function. This may be used to explain the mechanism of sarcopenia in menopause whereas high
dose of estrogen replacements (20 and 40 pg/kg) restored muscle size, muscle function and
parvalbumin levels.

For the study of the effect of exercises (swimming and running) on muscle functions,
estrogen levels, estrogen receptors (ERO and ERB) and parvalbumin (PV) immunoreactivity and PV
levels in EDL and gastrocnemius muscles in ovariectomized rats, three months old female Wistar
rats (weight 200-250 g.) were divided into four groups; Sham, ovariectomized group (OVX), OVX
and swimming for fourteen weeks (Swim), OVX and running for fourteen weeks (Run). The results
demonstrated that there was a significant reduction of muscle fiber size, muscle functions, estrogen
levels, estrogen receptors (ERQ and ERB) and PV immunoreactivity and PV levels in EDL and
gastrocnemius muscles of the OVX group compared to those of the Sham group (0<0.05) ,whereas
in both exercise groups {(swimming and running) significantly increased muscle fiber size, muscle
functions, estrogen levels, estrogen receptors (ERO and ERB) and PV immunoreactivity and PV

levels in EDL and gastrocnemius muscles of the Swim and Run group compared to those of the OVX



group (p<0.05) and similar to those of the Sham group. This suggested that both exercises
(swimming and running) may lead to an increase of estrogen synthesis from peripheral tissues. An
increase of estrogen levels may result in an increase of both estrogen receptors and, inturn, increase
protein synthesis in skeletal muscles which may cause an increase of muscle size and PV levels. An
increase of PV levels may result in a relaxation efficiency that leads to an increase of contraction
efficiency. These lead to an increase of muscle functions. Thus, both exercises (swimming and

running) may be used to prevent sarcopenia in menopause.



