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Figure 6: Deaths attributed to 19 leading risk factors, by country income level, 2004.
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Exercise is Medicine

Endurance exercise rescues progeroid aging and
induces systemic mitochondrial rejuvenation in
mtDNA mutator mice
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Fig. 4. Effects of 4 weeks of high-intensity interval training (HIIT) on citrate synthase (CS) activity (A, B) and COXIV protein (C, D) in
subsarcolemmal (SS) and intermyofibrillar (IMF) mitochondria in red (A, C) and white (B, D) muscle (mean ± SE). n = 6–8 independent
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mitochondrial preparations. Each independent
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2 rats, etasal.noted
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Appl Physiol Nutr Metab 2013
and methods section. Equal protein quantities were loaded and confirmed with Ponceau staining. †, p < 0.05 for SS vs. IMF.
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levels with the activity having more physiological relevance
(36). Therefore, the increased PGC-1! gene expression observed with the BICARB trial may be mediated by the altered
activity of transcription factors such as PPARD due to the
greater glycogen utilization.
Ammonium Chloride Ingestion and mRNA Content
A number of pathways have been implicated in the expression of PGC-1! mRNA and subsequently mitochondrial biogenesis that were not investigated in this study. It is interesting
to speculate on the implications of NaHCO3 effects on lactate
production in response to exercise and its potential to directly

*
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Fig. 5. The nuclear abundance of peroxisome proliferator-activated receptor "
co-activator-1! (PGC-1!) protein in response to high-intensity interval training (HIIT) in conjunction with sodium bicarbonate (BICARB, closed bars) or
a placebo (PLAC, open bars) supplementation. Western blots were used to
analyze muscle biopsies acquired before commencing HIIT (PRE), immediately upon completion (POST), and 3 h after (3 Hr REC). Protein content of
PGC-1! is reported as a ratio to histone H3 protein.
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stream target of AMPK, were observed, providing further
support that AMPK activation was not altered between treatments. This implies that the greater PGC-1! expression in BICARB was unrelated to AMPK activity.
Similar to our findings,
41
42
recent data reported by Metcalfe et al. (33) demonstrated elevated
ACC phosphorylation without an increase in AMPK phosphorylation following acute sprint interval exercise.
We sought to investigate whether p38 MAPK phosphorylation
was influenced by NaHCO3 ingestion, owing to its acute activation with a number of HIIT protocols (2, 11, 30) and putative role
in training-induced mitochondrial biogenesis (38). As with
AMPK, we did not observe any differences between trials in acute
p38 activation. It has been suggested that p38 activation may play
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Fig 2. Effect of SIT and MICT on insulin sensitivity. The change in insulin sensitivity (CSI) over the
12-week intervention, measured from a 50-minute IVGTT in MICT, SIT and CTL. Closed circles denote
individual responses. Values are means ± S.D. * p<0.05, PRE vs. POST.

The maximal activity of CS increased by 48 and 27% after 12 weeks of SIT (p<0.0001) and
MICT (p = 0.004), respectively, and was higher than CTL post-training (p = 0.03 for both; Fig
3). Training also increased the protein of Complex II-70kDa (SIT: p<0.001; MICT: p = 0.02)
Complex III-Core protein 2 (SIT: p<0.001; MICT: p = 0.003), COX subunit IV (SIT: p<0.001;
MICT: p = 0.001) and ATP Synthase α-subunit (SIT: p = 0.001; MICT: p = 0.004), all of which

3

doi:10.1371/journal.pone.0154075.g002
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Fig 1. Effect of SIT and MICT on VO2peak. Measured at baseline (PRE), 6 weeks (MID), and 12 weeks
(POST) in MICT, SIT and CTL. Values are means ± S.D. * p<0.05, vs. same group at PRE; # p<0.05, vs.
same group at MID.
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Fig 3. Effect of SIT and MICT on skeletal muscle mitochondrial content. Measured in muscle biopsy samples obtained from the vastus lateralis before
(PRE) and 96 h after (POST) the 12-week intervention in MICT, SIT and CTL. Maximal activity of citrate synthase (A), individual changes in maximal activity
of citrate synthase (B) and protein content of various subunits from complexes in the electron transport chain (C). Representative western blots are shown.
Values are means ± S.D. * p<0.05, vs. same group at PRE; † p<0.05, vs. CTL at POST.
doi:10.1371/journal.pone.0154075.g003
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