I
o
i
S
T

=R AL B IR ELEBRF O IR L L~V &
fifika L~V ORI E OB R

Kinetics of Muscle Deoxygenation and Pulmonary O2 Uptake
during Heavy-Intensity Cycle Exercise
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Abstract

The near-infrared spectroscopy (NIRS) signal (deoxyhemoglobin concentration;
[HHb]) reflects the dynamic balance between oxygen consumption and delivery during
microcirculation. The aim of the present study was to estimate the kinetics of
[HHDb] during exercise and compare it with the kinetics of pulmonary oxygen uptake
(VO2p). Seven male distance runners performed a heavy-intensity, constant work rate
cycle exercise. [HHb] and VOzp were measured during exercise, and the kinetics of both
the variables was analyzed using a mono- or double-nonlinear regression model.

[HHb] derived from NIRS remained at resting levels for a period of 11.0 + 3.2 s after
an increase in the work rate. After the time delay, [HHb] rapidly increased with a time
constant of 10.9 £+ 3.2 s for the primary component; the increase was significantly faster than
that of VOzp (23.8 + 7.6 s, P < 0.05). The kinetic of [HHb] during the later phase of exercise
(slow component phase) was different from that of VOzp and showed various

patterns between individuals. These results suggest that local muscle Oz delivery and
utilization were balanced during microcirculation for the first period after the onset of
exercise (approximately 10 s), however, the rate of adjustment of Oz delivery and utilization

did not match during subsequent phases (primary and slow component phases).
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Fig. 1. Early adaptation (first 120 s) of vastus lateralis musle [HHb] for exercise. Dashed line indicates start of
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Table 1. Kinetic parameters of pulmonary VO2 and
[HHD] for exercise

parameter VO2P [HHb]
base 2953 + 68.1 10.1 = 1.8
Ap 2554.9 + 449.6 6.2 + 27

tdp (s) 104 + 5.1 11.0 + 3.2

tep (s) 238 + 7.6 109 + 14.8 P<0.05
SC 3704 + 1317 53 + 24

tds (s) 153.1 + 29.8 144.1 + 80.6

tes (s) 976 + 528 729 + 393

Values are means + S.D. base, resting values ; A, amplitude ;
td, time delay ; tc,time constant ; SC, amplitude of slow
component ; p, primary component ; s,slow component.
Units of amplitude for VO2, ml/min ; [HHb], arbitrary.

SC, tds,tcs of [HHb], n=5.
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Fig. 2. Pulmonary Oz uptake (left) and [HHb] signal derived from NIRS (right) responses during exercise
for each subject. [HHb] for sub.2 and 6 were analyzed by using mono-exponential method.
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Fig. 3. Relationship between running performance and variables related to pulmonary Oz uptake
(VO2max, time constant of primary component and amplitude of slow component).For 5000m running

performance, n=6.
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