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ABSTRACT

The effects of temporally increased central blood volume (CBV) on cardio-
respiratory and metabolic functions during recovery periods after a dynamic arm exercise
were investigated using a water immersion (WI) method. Eight males cranked a cycle-
ergometer for 12 min using unimmersed arms at each of the 3 submaximal work
intensity levels (80 % and 100 % of the ventilatory threshold (VT) and 100 % VT
level plus 40 % of the difference between the VT and peak \;702) . This was followed by
12 min of resting period. Vo,, Vco,, VE, HR and blood lactic acid concentration (LA)
were measured during this recovery period. The Voz, Vcoz and VE differences between

the WI and control conditions were dependent on work intensity and duration; the
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heavier the work intensity and the earlier the recovery period, the higher the Voz, Vcoz
and VE with WI compared with the control. After 4 min of recovery, VE was lower with
WI regardless of work intensity. During recovery at all work intensities, HR with WI
remained lower than that for the control. The effect of WI on HR during recovery was
also work-rate and time dependent; the lighter the load and the earlier the recovery
period, the greater the effect of WI. An interaction effect of WI and work-rate was
revealed for LA during recovery periods. At the low work-rate level, LA was lower with
WI, but data were reverse on the high work-rate. It was concluded that CBV increase due
to WI would accelerate the entire recovery process of cardio-respiratory and metabolic
functions when work-intensity was relatively light. On the other hand, On the recovery

from exercise at a relatively high work intensity, it might facilitate the ventilatory

response and increase the metabolic synthesis during early phase.
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1 Schematic drawing of experimental set-up.
a, bicycle ergometer ; b, automatic indirect manometer
¢, pressure cuff ; d, gas analyzer system
e, blood Lactate Analyzer ; f, telemetric electrocardiogram,
g. personal computer ; h, CO, rebreathing bag
i, water tank ; j, motor pump ; k, iron frame
1, crank handle ; m, gas water heater
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&1 Mean values for the pulmonary, cardio-respiratory and metabolic
function at pre-exercise resting period

Mean %
WI Control change F-value
due to WI
Pulmonary function
vC L 51 0.1 53 0.1 (-2.1) 7.38%
FEV ¢ 49 *0.1 5.1 =% 0.1 (-3.2) 13.62%*
FEV,, ¢ /min 41 £02 42 +02 (-3.5) 14.12%*
PF ¢ fsec 102 +0.3 102 +03 (0.2) 0.12
FEF;5 £ Isec 7.7 105 7.7 £ 0.5 (1.0) 0.16
FEFs, £ Jsec 49 *+05 49 *04 (-0.5) 0.23
FEF,5 £ Jsec 20 b2 24 £02 (-11.9) 14.85%*
Cardiorespiratory_and metabolic function
Vo, ¢ /min 0.27 * 0.01 0.27+ 0.02 (1.6) 0.10
Vco, ¢ /min 0.24 £ 0.01 0.24 =+ 0.02 (1.7 0.00
VE ¢ /min 98 +0.3 10.70% 0.5 (-<7.7) 7.38%
VENo, 375 £13 410 * 1.6 (-8.2) 10.21*
VE/Vco, 419 £ 1.0 462 £ 19 (-8.6) 8.89%
HR beats/min 58.1 *+3.1 753 3.6 (-22.6) 74,824 4%
LA mmol 0.77 £+ 0.04 0.82+ 0.07 (-1.0) 0.75
Vaules are means + SE. *p<0.05, **p<0.01, ***p<0,001
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% 2 Summary of cardio-respiratory and metabolic responses over 1 mimute period between

5 and 6 minutes during exercise

Mean F-value

WwI Control % change Condition  Intensity Condition

Intensity due to WI X Intensity

i (af=1,7)  (df=2,14)  (df=2,14)

Vo, 80 % VT 0.68 =+ 0.02 0.69 + 0.03 (-0.5)

/min  100% VT 0.81 £ 0.03 0.78 = 0.03 (3.6) 7.17* 572.26% %+ 3.16
VT+0.40 1.68 = 0.06 1.58 + 0.05 (6.0)

Vco, 80 % VT 0.62 £ 0.02 0.64 £ 0.03 (2.2)

¢/min  100% VT 0.76 + 0.04 0.74 + 0.02 (3.2) 1.45 279.95% 1.67
VT+0.40 1.72 = 0.08 1.66 = 0.07 (4.1)

VE 80% VT 208 +0.6 24 +10 (-6.7)

C/min  100% VT 241 *14 256 *1.0 (-5.4) 0.33 224,91 %k 2.55
VT+0.40 556 3.2 539 £23 (3.0 '

LA 80% VT 12 0.1 13 £01 (-10.1)

mmol 100% VT 14 £02 14 0.1 (-8.1) 4.12 105.51 %% 8.91%*
VT+0.40 38 £03 33 £02 (15.9)

HR 80% VT 806 *122 945 +£20 (-14.6)

beats/min 100% VT 893 £2.1 989 28 (-9.5) 19.16%%  135.65%* 6.78%*
VT+0.40 1279 +22 1324 *+3.0 (-3.1)

Vaules are means = SE. *p<0.05, **p<0.01, ***p<0.001
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B2 Vo, Vco, and VE responses to the WI and control condition at each exercise intensity levels during post-exercise
resting periods. time course of mean Vo, (A) , Vco, (B) and VE (C) . Deviation of the mean Vo, (D) , Vco, (E)
and VE (F) values of the WI from those of the control. Smoothed lines in B, D, F were drawn over the points nearly
generated by a 3-point moving average method. Shaded periods were used for the computation of mean value at different
exercise times for each condition.
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4 HR responses to the WI and control condition at each exercise intensity levels during post-exercise resting periods.
Time course of mean HR (A), deviation of the mean HR values of the WI from those of the control. Smoothed lines in B
were drawn over the points nearly generated by a S-point moving average method. Shaded periods were used for the
computation of mean value at different exercise times for each condition.
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&3 F-values of the ANOVAs performed on the measured value data
for the selected variables for the post-exercise period
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Main effect Interaction effect
Condition  Condition  Intensity Condition
Condition Intensity Time X X X X Intensity
Measured Intensity Time Time X Time
values (df=1,7) (df=2, 14) (df=2,14) (df=2,14) (df=2,14) (df=4,28) (df=4,28)
\?02 8.23% 160.83%%* 444 43%** 5.43% 20.75%%%  133,16%%* 10.90%##*
Veo, 23.83%* 158.76%%*%* 366.24%%# Q.85%% 15.43%*k% 175 5]%#** 9,19
VE 6.44% 297 83%** 284 .96 ** 5.63* 7.56%% 167.02%** 3.38%
LA 4.80 84, 75% %% 221.02%%%* 10.29%* 0.24 34.0] #k 2.54
HR 60.06%** 46.27*%* Q727 4% 4.04* 0.81 47 66% ¥ 0.90
*p<0.05, *#p<0.01, ***p<0.001
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