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Effects of exercise training with short-duration intermittent hypoxia and
hyperbaric exposure on endurance performance and muscle metabolism
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The present study was designed to investigate the effects of short-duration
intermittent hypoxia in combination with hyperbaric exposure on endurance capacity and muscle
metabolism in well-trained mice. Mice in the training group were housed in a cage with a running
wheel for 7 weeks from 5 weeks old. Voluntary running markedly increased maximal work values by 6.
0-fold. Trained mice were then subjected to hybrid training with hyperbaric exposure (HYP) for 1 h
or both (LOHYP) hyperbaric exposure and intermittent hypoxia for 4 weeks. Maximal endurance capacity

was greater in the HYP (by 15%) and LOHYP (by 31%) groups than in the HT group. In white
gastrocnemius, activity levels of HAD and CS were significantly higher in the LOHYP group than in
the sedentary group. In plantaris, CPT-2 activity levels were significantly higher in the LOHYP
group than in the other three groups. The LOHYP procedure substantially upregulated heat shock
protein 70 protein levels in hind-leg muscles.
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Figure 1. Experimental design
(A) Whole experimental protocols; (B) Daily experimental
protocols.
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Figure 2. Endurance exercise performance test

Total work in endurance capacity test after 7 weeks of
voluntary wheel running (A) and after 4 weeks of treadmill
exercise training (B). (C) Changes in individual work values
before and after treadmill exercise training. Sed, sedentary
control group; HT, hybrid-trained group; HYP, hyperbaric
exposure with hybrid-trained group; LOHYP; intermittent
hypoxic exposure and hyperbaric exposure with hybrid-
trained group. Significantly different from the *Sed group
using Bayesian data analysis. Significantly different from
pre-treadmill training values of each group shown in panel
(A) using *Bayesian data analysis or the ¥95% CI. The 95% CI
did not contain the mean value of the ®Sed, PHT, and YHYP
groups. Values are expressed as box and whisker plots with
5th, 25th, 50th, 75th and 95th percentile. Dots are
individual data points.




BT IEZTE 2 | B FEE
LHRE (HYP #£). 3 L OVHET i
WK IESR #R 5, HET 12
KT BFR & 52 L7=8%  (LOHYP
) 2T,
LMD N —=2 T
RIEFRE N ZHE L, £ D 48
B SRR Y 7 L & i
L7,

4. HFFERRE
- I RIEERE )

HET # D f5c KEFA N EBNRE
I%. LOHYP BEDMEA HT LV &
31%., HYPEEL D & 14%0H%
WCEWMEZ R LTz, ZDZ &
5. LOHYP 12 & » THANE
BRI BE IC BT D 2 &R
NI T,

- AREIE SR TS

IBERE 3 D 1 L (Gw) 12380
“C. LOHYP B£® 3-hydroxyacyl-
CoA-dehydrogenase (HAD) JE )3
filfE LV b AERICEWVEZ R L
7z (Fig. 3), J&JERM (PL) D
carnitine palmitoyl
transferase—2 (CPT2) & MDY
LOHYP B CHLfE L 0 AEICHEW
WEERLEZ, £, BT A%
(SOL) @ CPT2 ¥&MEIX HT #E L 0
HbABICEVWEZ R LT, Gw
@ cytochrome oxidase (COX)
TSI, TR T oOEERE T
WZHEEAN L TUM 223, LOHYP #ED
X Sed BEL V A REITHEVVE
L7z Fig. 4), Zhvbnz
&, LOHYP (2 & - CTHRRZE
W& A T ORI NT, Algd
REFRET) . FRICHENFRICHHE
ME T3 LR ST,

WAV -E %)

(A) soL Gr Gw PL
20 " 35 @ . 25 30 "
En * . o @B s * a
£ 15 L 30 20 *! g *, *
2o o 15 20 gé
2 a o
2510, -8 25 0l e 15 Y
o= 05 @ ° T 8 Lo ° ‘ & =4 10
< . 8 o
B ° 05 ° 05
£ o0 s P 00 00 -
=7 3Ege Fees g FEgs
v x - 4 v T I w x I v = I
=] S S ]
(B) SOL PL
12.0 1.0 afy
= I*§
£ 100 . 9B . 08 °
g% ° ° 06 é
S s ! °
- 8'0 o
O
e glee L
&= 60 o o e 02
g o
3 a0 . . 00 —

Sed
HT
HYP

LOHYP

LOHYP
Sed
HT
HYP
LOHYP

Figure 3. Enzyme activity values for HAD (A) and CPT2 (B)

Values are expressed as box and whisker plots with 5th, 25th, 50th, 75th and
95th percentile. Dots are individual data points. Significantly different from
the *Sed, 'HT, and SHYP groups. The 95% CI did not contain the mean
value of the “Sed, #HT,and ”HYP groups.
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Figure 4. Enzyme activity values for COX (A) and CS (B)

Values are expressed as box and whisker plots with 5th, 25th, 50th, 75th and
95th percentile. Dots are individual data points. Significantly different from
the *Sed group. The 95% CI did not contain the mean value of the ®Sed group.
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Figure 5. Protein
expression levels for
HSP70

Representative
immunoblot images for
HSP70 were shown in the
middle row. Total protein
bands for the same sample
lanes as in the middle row
were shown in the upper
row. Values are expressed
as box and whisker plots
with 5th, 25th, 50th, 75th
and 95th percentile. Dots
are individual data points.
Significantly different from
the *Sed group. The 95% ClI
did not contain the mean
value of the ®Sed, PHT, and
YHYP groups.
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