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Effect of LBNP Stimulation on Leg Muscle Blood Flow
During Low Intensity Cycling Exercise
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Summary

The purpose of the study was to investigate whether lower body negative pressure
(LBNP) was advantageous for increasing muscle blood flow during dynamic exercise in a
supine position. Low intensity cycling exercise was performed in three different conditions
in nine healthy volunteers; 6-min control exercise in a supine position without LBNP
(EXP1), 6-min exercise begun 4 min after applying —40mmHg LBNP (EXP2), and 4-min
LBNP added 3 min after 10-min cycling exercise begun (EXP3). Thigh muscle blood flow
was estimated as hemoglobin (Hb) content in the tissue (i.e. oxygenated (oxy-Hb),
deoxygenated (deoxy-Hb) and total hemoglobin (total-Hb)) determined by near infrared
spectroscopy. During EXP1 and EXPZ oxy-Hb content tended to decrease and no
significant change in total-Hb content compared to the rest. During EXP3 an application
of LBNP during halfway of exercise caused total-Hb content increased from resting level
(p<0.05) and oxyg-Hb content elevated preceded period of cycling alone (p<0.05).
Comparing of oxy-Hb and total-Hb in response to different exercise conditions, both
hemoglobin contents elevated significantly in EXP3 than that of EXP1 and EXP2.
However, there was no significant difference in response in deoxy-Hb between different
exercise conditions.

These results suggest that the LBNP enhanced muscle pumping effect on muscle
blood flow during low intensity dynamic exercise in the supine position. The profitable
effect of LBNP, however, depends on the timing of LBNP stimulus.

Key words: orthostatic stimulation, muscle pump, near-infrared spectroscopy, supine
exercise
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Fig. 1 Changes in heart rate, blood pressure and
hemoglobin contents in the thigh at rest,
during cycling exercise and the recovery
in supine position.

*, different from rest value. EX, cycling
exercise, Rcv, recovery, SYS, systolic
blood pressure; MBP, mean blood pres-
sure; DIS, diastolic blood pressure. @
;oxygenated hemoglobin, A ;deoxygenated
hemoglobin, [l ;total hemoglobin.
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EHL, LBNP DADHFEICHRTHEIIRE 2o
7z (LBNP {3119+2 ¥ 79+2mmHg, E&ji3133+ 5
£90+2mmHg). Lo L, TFEL DK LEIT
AN o7z, PEEREA I O RUG b YU ML &
ik DIEID) TH - 725° (LBNP 1259+2mmHg, &
B)i369+2mmHg), EH)FALLHET LBNP & #ativ2=id
AN Do72.

DeoxyHb & TotalHb i3 LBNP RlI# T4 &l & 1) 1
i U 72 »% (DeoxyHb i311.1+2.3mV, TotalHb i
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Fig. 2 Changes in heart rate, blood pressure and

hemoglobin contents in the thigh at rest,
during -40 mmHg LBNP and superimpos-
ing 6-min cycling exercise and the
recovery in supine position. SYS, systolic
blood pressure; MBP, mean blood pres-
sure; DIS, diastolic blood pressure. @;
oxygenated hemoglobin, A; deoxygenated
hemoglobin, M; total hemoglobin.
*, different from rest value. #, different
from previous value. L-B: LBNP, L + EX:
exercise during LBNP, L-A: LBNP after
exercise ceased.
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Fig. 3 Changes in heart rate, blood pressure and

hemoglobin contents in the thigh at rest,
during cycling exercise and superimposing
4-min — 40 mmHg LBNP, and the recovery
in supine position. SYS, systolic blood
pressure; MBP, mean blood pressure; DIS,
diastolic blood pressure. @ ;oxygenated
hemoglobin, A ;deoxygenated hemoglobin,
H ;total hemoglobin.
* different from rest value. #, different from
previous value. EX-B: exercise without
LBNP, EX+ LBNP: exercise with LBNP, EX-
A: exercise after LBNP released).
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DFEITA LN H o 72, DeoxyHb i3 & TDEMARET
EIASNLh o7,

NV EE
A v bu—LVEEOIEREEE
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Fig. 4 Comparison of heart rate, blood pressure and oxygenated, deoxygenated
and total hemoglobin content in response to three different exercise
conditions.
EXP1: control exercise without LBNP, EXP2: exercise begin during
LBNP stimulus, EXP3: LBNP stimulus begin during exercise. *, p < 0.05.
R o7z EXP20:EH) Tid LBNP FISBI4H 1 & Z MZad L E B Ik % © LBNP 8] B 12 Deoxy,

) DeoxyHb, TotalHb (X3 L /-4, EBHFIMHHE L TotalHb (3 :EENBA%GHT O LBNP OB & 131 Z[FMEIZ
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X BHREEDSTHIGE LY LTRBMEICSEL RELZZELERTIDOTHS).
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—20mmHg LBNP T OEH TIZANES T E Y OFE
FILL NV B LU TotalHb DEIRBD o7z, 2
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