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Dear Editor-in-Chief

Physical Activity in Menopausal Women
More than 60% of women fail to engage in the
U.S. guidelines of physical activity and a positive
correlation has been found between physical in-
activity and mortality in women. Women 60 yr of
age and older show a greater prevalence of physi-
cal inactivity (1). Pre-clinical studies with ovariec-
tomized rodents suggest that a lack of ovarian
hormones reduces physical activity levels. A hu-
man longitudinal study (2) also demonstrated that
women exhibited a significant reduction in physi-
cal activity 2 yr before menopause and remained
reduced. This physical inactivity is associated
with decreased circulating estrogen levels during
the menopausal transition. These preclinical and
clinical studies strongly suggested the existence of
a significant physiological factor during meno-
pause, and estrogen has been believed the main
controller involved in menopause-related behav-
ioral changes.

Brain Dopamine Signaling and Physical Ac-
tivity

Mesolimbic dopamine circuits in the brain play a
critical role in the regulation of motivation, mo-
tor control, and reward, which can significantly

contribute to voluntary physical activity. Among
the circuits, the dopamine system in the nucleus
accumbens (NAc) seems to be a major controller
for voluntary physical activity (3). There are two
types of dopamine receptors in dopamine neu-
rons, the D1-like receptor (stimulatory receptors,
D1 and 5) containing no introns and the D2-like
receptor (inhibitory receptors, D2, 3, and 4) con-
taining introns acting through Gi-proteins (4). In
a preclinical study, injecting a D1 receptor ago-
nist into the NAc increases physical activity,
while a D1 receptor antagonist decreases it (5).
These findings confirmed the significant role of
dopamine activity in voluntary physical activity.

Estrogenic activation is the critical link for physi-
cal activity, and estrogen modulates neurotrans-
mitters including dopamine (6). Menopause-
related deficiency in estrogen decreases voluntary
physical activity along with attenuated dopamine
activity (7). Estrogen appears to exert a tonic
stimulation for dopamine receptors and in turn
maintain overall dopamine activity, which posi-
tive stimulation is attenuated after menopause in
women or ovariectomized rodents. However,
estrogen replacement therapy immediately after
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ovariectomy conserved the upregulated D1-like
dopamine receptors (8).

Our group previously determined the potential
role of NAc dopamine activity in voluntary wheel
running in female rats (9). Using rats selectively
bred for high (HCR) and low (LLCR) aerobic ca-
pacity showing a divergence in wheel running
behavior, we found that HCR rats had greater
wheel running distance and the activation of do-
pamine signaling compared to LCR rats. HCR
rats had greater D1 stimulatory receptors and
lower D3 & 4 inhibitory receptor mRNA expres-
sions compared to LCR rats. However, ovariec-
tomy significantly up-regulated inhibitory dopa-
mine receptors (i.e. D2 and 4 receptor mRNA
expressions) in HCR rats, implying a strong ef-
fect of menopause independent of one’s aerobic
capacity. All animal experiments were approved
by the Institutional Animal Care and Use Com-
mittee (IACUC) at the University of Missouri-
Columbia.

Estrogen Receptor (ER) o« Signaling and
Physical Activity

ERa signaling is an obligatory mediator for the
ovariectomy-mediated reduction in voluntary
physical activity. Using genetically knock-out
(KO) mice, Ogawa et al (10) initially demonstrat-
ed that ERa signaling appears more likely in-
volved in enhanced spontaneous physical activity

in ovariectomized mice, rather than ERB-pathway.

This group showed that estrogen administration
increased spontaneous physical activity only in
ERB KO mice but failed in ERe KO mice. This
strongly supports the hypothesis that the estro-
genic increase in spontaneous physical activity is
primarily mediated by the ERa-signaling pathway.
To our knowledge, none of the previous studies
investigated the effect of ERa signaling on do-
pamine receptors and voluntary running activity.
Future studies should further investigate the spe-
cific mechanisms by which estrogen and its re-
ceptors (ERa and B) regulate brain dopamine me-
tabolism in menopausal women.

Available at:  http://ijph.tums.ac.ir

Acknowledgements

This research was supported by the Incheon Na-
tional University (2019-0367).

Conflict of interest

The authors declare that there is no conflict of
interest.

References

1. Oguma Y, Sesso HD, Paffenbarger RS, Jr, Lee
IM (2002). Physical activity and all cause
mortality in women: a review of the evidence.
Br] Sports Med, 36(3):162-72.

2. Lovejoy JC, Champagne CM, de Jonge L, Xie H,
Smith SR(2008). Increased visceral fat and
decreased energy expenditure during the
menopausal  transition.  [mr ] Obes
(Lond),32(6):949-58.

3. Knab AM, Lightfoot JT(2010). Does the
difference between physically active and
couch potato lie in the dopamine system? [z ]
Biiol Sti, 6(2):133-50.

4. Lee D, Huang W, Lim AT(2000). Dopamine
induces a  biphasic modulation  of
hypothalamic ANF neurons: a ligand
concentration-dependent effect involving D5
and D2 receptor interaction. Molecular
Psychiatry, 5(1):39-48.

5. Baldo BA, Sadeghian K, Basso AM, Kelley
AE(2002). Effects of selective dopamine D1
or D2 receptor blockade within nucleus
accumbens subregions on ingestive behavior
and associated motor activity. Bebav Brain
Res137(1-2):165-77.

6. Morgan MA, Schulkin ], Pfaff DW(2004).
Estrogens and non-reproductive behaviors
related to activity and fear. Newrosci Biobebay
Rew, 28(1):55-63.

7. Gorzek JF, Hendrickson KC, Forstner JP, Rixen
JL, Moran AL, Lowe DA(2007). Estradiol
and tamoxifen reverse ovatiectomy-induced
physical inactivity in mice. Med Si Sports
Exere, 39(2):248-56.

8. Levesque D, Di Paolo T(1989). Chronic estradiol
treatment increases ovariectomized rat striatal

2373


http://ijph.tums.ac.ir/

Iran J Public Health, Vol. 51, No.10, Oct 2022, pp.2372-2374

D-1 dopamine receptors. L 5¢,45(19):1813- 10. Ogawa S, Chan J, Gustafsson JA, Korach KS,
20. Pfaff DW(2003). Estrogen increases
9. Park YM, Kanaley JA, Padilla |, et al (2016). locomotor activity in mice through estrogen
Effects of intrinsic aerobic capacity and receptor alpha: specificity for the type of
ovatiectomy on voluntary wheel running and activity. Endocrinology, 144(1):230-9.

nucleus accumbens dopamine receptor gene
expression. Physiol Bebaw, 164(Pt A):383-9.

2374 Available at:  http://ijph.tums.ac.ir



http://ijph.tums.ac.ir/

