Digoxin and exer cise effects on Na*,K *-pump activity, content, isoform gene and protein
expression in human skeletal muscle
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Digoxin is a specific inhibitor of the N&K*-pump and is used to treat patients withese heart &ilure.

In these patients, digoxin binds and blo€k8% of N&,K*-pumps in skeletal muscle and exacerbates muscle
K* loss during grercise. Furthermordén heart filure patients there is no compensatory upregulation of
Na“,K*-pump with chronic digitalisation. @/haveshavn that &ercise impairs NgK*-pump actiity, whilst in
isolated rat muscles, N&*-pump inhibition leads to early musclatifjue (Clausen, 2003). Hence,
Na",K*-pump function is likely to be important for skeletal muscle performanceveldn the effects of
digoxin on N4&,K*-pump content, aatity, protein abundance or isoform expression in skeletal muscle of
healtty individuals are unknown and werevéstigated here.

Ten active, but not well-trained healthvolunteers (9 M, 1 F)ayewritten informed consent. Excise
tests were performed after taking digoxin (DIG, 0.25 mpat a dacebo (CON) for 14 d, in a randomised,
counterbalanced, crossa, double blind design, with trials separated by 4 weeks. Subjects performed
incremental cycle ergometexeecise to measure@’zpeakand to determine 33, 67 and 90%)/, work rates.

On d 14 subjects completed 10 min cycling at each of 33% and 672%%61\( then to fatigue at 90%®’zpealk
Muscle biopsies taken at rest, after 67%, 9@pYyeak and 3 h revery were analysed for N&K*-pump
content $H-ouabain binding site), maximal activity 3-methyfluorescein phosphatase BMFPase), isoform
protein abundance and mRNexpression. The Na K*-pump isoform ¢ -a,, B,-B,) protein contents were
measured on muscle extracts, using specific antibodies and western blotting, with isofoAnerpiRe¢sion
determined with real-time T RPCR analysis.

Serum digoxin was 0£0.2 nM at d 13 and 04#8.2 nM at d 14 (MeatSD). Despite this, muscle maximal
Na*,K*-pump activity vas unchanged by digoxin. ever, Na",K*-pump activity was decreased aftgeeise,
by 13% and 11% at fatigue and 3 h pos#eise, compared to rest, respeely (P<0.05). Furthermore, there
was no dange in the NaK*-pump content with either digoxin oxexcise (Rest Digoxin 37®5, Rest Placebo
36875 pmol.g wet weight). No significant change occurred with digoxin for mRbkpression of ay of the
a,, O, O By, or B, isoforms. Havever, digoxin increased the mRNexpression of the total mRNA (sum of
a,, 0, 05 and the totalp mRNA (sum of 3, and 3,) at rest by 1.9- and 1.8-fold, respeety (P<0.05),
suggesting an ffct of digoxin on NaK*-pump gene xpression. Anexecise effect was observed
mMRNA expression, being 2.1-and 2.4-fold higher at 3 h prateése than duringy@rcise at 67% D,peak and
fatigue, respectely (P<0.05). Similarly 3, mRNA expression at 3 h poskercise was increased by 1.8-, 1.4-
and 1.6-fold, compared to rest, 67%)peak aercise and fatigue, respeatly (P<0.05). Digoxin did not alter
the protein abundance ofyarsoform in resting muscle. Maver, a 3 h post-ercise, the protein almdance
was greater with digoxin than in placebo for bath and, (P<0.05). Thef3, protein expression was increased
at 3 h postxercise by 2.2-and 1.5-fold compared to durixgreise at 67% O,peak and fatigue, respecty
(P<0.05). Similarly B, protein expression was increased at 67&péak and 3 h postercise compared to
rest, by 1.5-and 1.6-fold, respeety (P<0.05).

In summarydigoxin treatment had only minimal effects on musclé,N&pumps in healthindividuals.
Whilst Na",K*-pump content, activity or isoform protein expression at rest were unchanged, the subunit total
MRNA expression was increased with digoxin and a greater pestige protein abundance was found with
digoxin fora, andf,. The lack of reduction in pumps with digitalisation in healtiuscles suggests either that
pumps were upregulated and/or that digoxin dissociation was increased.
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