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CHAPTER I 
 

INTRODUCTION 
 

For many years, it was believed that ventilation dose not limit performance in 
healthy human. Recently, however, it has been shown that inspiratory muscles can 
become fatigue during intense endurance exercise and decrease their exercise 
performance (Spengler et al,1999). During exercise, oxygen demands on the body can 
increase dramatically. Our normal oxygen consumption of about 150 ml/min might rise to 
1000 ml/min during moderate exercise, even though alveolar pO2 is maintained at 104 
mmHg (Jain,1990). Which situation is achieved by a fourfold increase of alveolar 
ventilation. During strenous physical activity, such as a marathon race, the body’s oxygen 
requirement may be 20 times of normal consumption, yet oxygenation of blood does not 
suffer. There is, however, tissue hypoxia in some of the working muscles and strenous 
exercise may be considered as a hypoxic episode. Besides, energy producing metabolic 
pathway and metabolic wastes also affect physical performances. Rise of lactate level 
during exercise is important biochemical change which causes fatigue (Lamb,1984 ; 
Fox,1984) and can be an inhibitor to muscle contraction during high intensity work which 
limits physical performance. Lactate accumulation induces muscular fatigue and is 
associated with an attenuated ATP production during the anaerobic component of exercise 
representing the utilization of glycogen (the stored energy credit). The ensuing oxygen was 
believed to serve two purposes : to reestablish the original glycogen stores by 
resynthesizing of the lactic acid back to glycogen in the liver  via the Cori cycle (Figure 
1.1), and to catabolize the remaining lactate through the pyruvic acid-Kreb’s cycle 
pathway (McArdel et al,1996). Therefore, oxygen is essential for the lactate clearance 
process. 
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Figure 1.1 The lactic acid (Cori) cycle in the liver synthesizes glucose from lactate released 

from active muscle. Thus, lactate, formed by the oxidation of glucose in 
skeletal muscle and by erythrocytes, is transported via the circulation. This 
gluconeogenic process maintains carbohydrate reserves. 

 
In 1984, Gaesser et al., studied the metabolic bases of EPOC (excess post 

exercise oxygen consumption), and found that  most of the lactate produced during 
rigorous exercise is removed by direct oxidation (55-70%) while the balance amount is 
converted to glycogen (<20%) protein constituents (5-10%) and other compounds 
(<10%)(Gupta,1996). Therefore, finding a suitable method to shorten the rate of recovery 
interval between the two halves of the game is needed for athletes who required to perform 
repeated bouts of high-intensity exercise in sport such as tracking, swimming, and cycling 
in which some athletes compete in more than one event during the course of competition. 
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Normally the minimum recovery time of lactate clearance is approximately one 

hour after intensive exercise. There were various studies revealed that the concentration of 
blood lactate will decrease 50% within 25 minutes of the rest recovery period, and the 
removal rate of lactate is higher during light aerobic exercise than during a period of 
resting recovery, following heavy exercise (Gupta,1996). Several methods had been 
proposed and tested in trying to shorten the recovery time as well as increased lactate 
clearance rate. The strategies include:massage, light exercise, inhalation of O2 at ambient 
and the application of hyperbaric oxygenation. 

 
Hyperbaric oxygenation (HBO2), 100% oxygen at two to three time the 

atmospheric pressure at sea level, is widely accepted in the treatment of the various 
medical condition. As a primary treatment, it is often recommended for decompression 
illness (DCI), air embolism, and carbon monoxide  poisoning. Furthermore, it appears to 
improve recovery after severe burns and crush injuries (Best et al,1998). In tissue hypoxia, 
HBO2 is used to improve tissue healing in treatment of chronic ulcer such as DM ulcer, 
venous stasis ulcer, skin graft, intracranial abcess. Experimental studies  (Banister,1970 ; 
Fischer,1986 ; Fukuda,1981) showed that the solubility of oxygen in blood is a linear 
function of the partial pressure. Therefore inhalation of pure oxygen under hyperbaric 
conditions will increase the tension of oxygen in aterial blood proportionally. In the present 
study, it is our intention to examine the effect of 100% oxygen inhalation in hyperbaric 
condition on the concentration of blood lactate after fatigue from exercise. 
 
Objective 

To study the effect of hyperbaric oxygenation (100% O2 inhalation under 2.5 ATA 
pressurized chamber, 30 minutes) on blood lactate concentration after fatigue from 
exercise. 
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Research Question 

1. Is the removal rate of blood lactate during hyperbaric oxygen inhalation faster 
than the removal rate during a period of resting recovery after fatigue from 
exercise ? 

2. Is the removal rate of blood lactate during 100% oxygen inhalation at 
normobaric ambient faster than the removal rate during a period of resting 
recovery after fatigue from exercise ? 

3. Is the removal rate of blood lactate during hyperbaric oxygen inhalation faster 
than the removal rate during a period of 100% oxygen inhalation at 
normobaric recovery after fatigue from exercise ? 

 
Hypothesis 

The removal rate of blood lactate during hyperbaric oxygen inhalation is faster 
than the removal rate during a period of resting recovery after fatigue from exercise. 

 
Operational Definitions 

1. Hyperbaric oxygenation is defined as the 100% oxygen inhalation under 2.5 
ATA ( atmospheres absolute ) pressurized chamber, 30 minutes. 

2. Lactic acid is defined as a product of anaerobic glycolysis. An exessive 
production of lactic acid is associated with muscle fatigue during high intensity 
exercise. 

3. Lactate concentration is defined as the accumulation level of lactic acid in 
muscle after muscular fatigue from exercise. 

4. Muscular fatigue is defined as a decreased capacity to perform a maximum 
voluntary muscle action or series of repetitive muscle action. A fatigue muscle 
which is unable to continue which working may result from depletion of 
phosphocreatine or glycogen, or the accumulation of protons generated by 
lactic acid.  



























CHAPTER III 
 

MATERIALS AND METHODS 
 
MATERIALS AND EQUIPMENT 
 

1. A weighting scale (Yamato DP-6100 GP). 
2. A scale for height. 
3. Cardiotechmeter (Polar  Sport Tester; Polar Electro Oy FIN-90440,Finland). 
4. Oxygen and carbon dioxide gas analyzer (Quinton Metabolic Cart; QMC). 
5. Cardiac stress testing equipment (Quinton instrument CO; Q 4,500). 
6. Bicycle ergometer (Quinton instrument  ; Corival 400). 
7. Lactate analyzer (YSI 1500 Sport,Ohio,USA). 
8. Lactate Membrane (YSI 2329,Ohio,USA). 
9. Lactate Standard 30 mmol/L (YSI 1530,Ohio,USA). 
10. Lactate Standard 5 mmol/L (YSI 2327,Ohio,USA). 
11. Buffer Concentrate (YSI 2357,Ohio,USA). 
12. Cell Lysing Agent (YSI 1515,Ohio,USA). 
13. NaCl Solution (YSI 2392,Ohio,USA). 
14. Capillary injecter. (YSI 1502,Ohio,USA). 
15. Reagent water. 
16. Syrings. 
17. Needles. 
18. 70% Alcohol. 
19. Cotton. 
20. Stop watch. 
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VOLUNTEERS AND METHODS 
 

A. Volunteers. 
  Sixty male Naval cadets age 20-23 years are volunteered to participate in 
this study with informed consents. All volunteers’ routine activities are: classroom tutorials, 
professional training and daily physical exercises according to the policies of the Royal 
Thai Naval Academy. These volunteers are granted to participate by the School Director of 
the Royal Thai Naval Academy. They may be considered to represent as healthy male or 
Thai athlete.  All tests were performed under the supervision of            a medical doctor. 
 

Inclusion criteria. 
1. Free of illness that could affect the inhalation of hyperbaric oxygen. 

 - URI, chronic sinusitis 
 - Seizure disorders 
 - Emphysema with CO2 retention 
 - High fever 
 - History of spontaneous pneumothorax 
 - History of thoracic surgery 
 - History of surgery for otosclerosis 
 - History of optic neuritis 
 - Viral infection 
 - Congenital spherocytosis 

2. Maximal oxygen uptake ( VO2max ) at normal to high levels of Thai male                      
( up to 40 cm3/BW/min ) ( Sport Authority of Thailand,1999 ). 

3. Informed consent. 
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Exclusion criteria 

1. During test, the volunteer can not adjust  the pressure (squeeze) in  8 
minutes under hyperbaric condition. 

2. During test, the volunteer shows signs of oxygen toxicity ( e.g. nausea,  
muscle twitching, irritability, dizziness, convulsion ). 

 
According to the Faculty of Medicine, Chulalongkorn University, this protocol must 

be reviewed and permitted by the institutional ethical committee before conducting the 
study. In practical, prior to sign the informed consent, all volunteers are given a full 
explanation of the study protocol. All volunteers are free to withdraw at anytime for any 
reasons without threats. 
 

B. General Procedure 
 Body weight and height data 
 Subjects were weighed while wearing shorts and t-shirt without shoes. Body 
weight was measured to the nearest 0.02 kg on a digital platform scale (Yamato DP-6100 
GP). Height was measured using a wall scale with subject standing upright and arms 
hanging freely at the sides. 
 
 VO2max  measurement 
 Maximal oxygen uptake (VO2max) was measured for baseline data in each 
subject. The test was performed using a continuous pedaling test or an electronically 
braked cycle ergometer, which seats could be adjusted appropriately for each subject. 
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Figure 3.1 Measurement of oxygen uptake using oxygen and carbon dioxide gas analyzer 
(QMC). 

 
Measurement of VO2max (Figure 3.1) could be obtained directly from the 

exercise test.  Prior to start, subjects were advised to rest for 5 minutes. Then subjects 
were given instructions and let familiarized with the testing procedures. The test starts with 
3 minutes warm up at 0 watt (60-80 rpm.), then the volunteer pedals at a workload of 25 
watt which is increased by 25 watt every minute. The pedaling is kept constant at 60-80 
rpm. The VO2max baseline was measured before the studying day with a minimum interval 
period of 48 hours. 

 
Gas analysis apparatus is calibrated by using ambient gas. The 

pneumotachograph signal is calibrated by using the spirometer as the standard volume 
calibrator. Heart rate is monitored continuously by ECG (Polar Electro, Finland)   (Figure 
3.2). The test stops when one or more of the following criteria are achieved. 

1. A test heart rate reaches 90% HRmax of the age related theoretical 
maximum (220-Age) (ACSM,1994). 

2. Exhaustion. 
3. The subject is unable to continue pedaling at the prescribed rate. 
4. Respiratory exchange ratio (RER) > 1.1 
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Figure 3.2  Heart rate is monitored continuously By ECG (Polar Electro). 
 

Before the test a Teflon catheter No.22 was placed in an antecubital vein to enable 
serial blood sampling throughout post-exercise recovery peroid, and clotting was prevented by 
back flushing the catheter with 0.9% normal saline solution (Figure 3.3 & 3.4). 

Figure 3.3   A Teflon catheter No.22 was placed in an antecubital vein of volunteers, back 
flushing with 0.9% NSS to prevent clot. 

Figure 3.4 Secured of the Taflon catheter. 
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C. Experimental protocol. 
Volunteers are grouped in to 3 groups (2 control groups and 1 experiment 

group) by randomized sampling, 20 volunteers per group. Each group performed on 
difference protocols after exhaustion; group 1, resting recovery group, sit on the chair 
beside the ergometer; group 2, O2  recovery group, sit on the chair beside the ergometer 
wearing O2  mask with O2 bag (O2 flow 10 lits/min) ; group 3, experiment group (HBO2 
recovery group), go into the hyperbaric oxygen chamber (inhalation O2 100% with mask  
under pressure, 2.5 ATA).  

 
First step, the subjects were advised to rest for 5 minutes, then the heart 

rate was monitored by Polar Sport Tester (Figure 3.5). Blood sampling for lactic acid was 
drawn from peripheral vein for the baseline data. Then all subjects had performed a 
system of graded exercises of the lower limbs on a bicycle ergometer untill exhaustion by 
a protocol similar to access the VO2max. The initial load was adjusted to 0 watt for 3 
minutes warm up and increased every a minute by 25 watt and at 60-80 rpm of pedaling. 

 

 
Figure 3.5  Heart rate monitoring (Polar Sport Tester). 
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  During the recovery period blood samples were collected at various 
intervals immediately after exercise ( 0 or exhaustion ), 5 , 10 , 15 , 20 , 25, and 30 minutes 
after  the completion of exercise. The samples were analyzed for lactate concentration 
using an automated lactate analyzer (YSI 1500 Sport, Ohio, U.S.A.)(Figure 3.6) that was 
calibrated after every 5 tests with known lactate standards of           5 mmol/L (YSI 2327, 
Ohio, U.S.A.). The linearity of the analysis throughout the lactate range under study was 
checked with a 30 mmol/L standard (YSI 1530, Ohio, U.S.A.).    
 

Figure 3.6 Lactate analyzer (YSI Sport 1500, Ohio,USA.). 
 

 D. Statistical Analysis. 
  The data were statistically analyzed using the SPSS for Window Statistical 
Package. To identify significant differences within group, ANOVA for repeated 
measurement had been applied and a one-way analysis of variance (ANOVA) was carried 
out at each interval for between group analysis. But where differences are found, post-hoc 
analysed is implemented. Significance is set at the 0.05 level of confidence.  All data are 
reported as Mean ± SD. 



CHAPTER IV 
 

RESULTS 
 
 
1. General data of the volunteers. 
 In this study, we examine sixty junior Naval cadets who volunteered to participate the 
study with informed consents. These volunteers receive daily physical training and exercise 
and are comparable to the average male athlete. The characterization of volunteers 
according to performance capacity  are shown in Table 4.1. Values are given as mean±SD. 
Maximum oxygen consumption (VO2max) was recorded from the first test (general measured). 
Peak lactate concentration, maximum heart rate (HRmax) and maximum workload (WLmax) were 
recorded during the second test (experimental period). 
 
 Table 4.1 Comparison of physical performance between group. 
           Rest         Oxygen             Hyperbaric 
              inhalation            O2 chamber  
No. of subjects            20               20          20 
Age (yr.)     21   ±  2       21   ±  2           21   ±  2 
Weight (kg)    65.1 ±  5.6      61.0 ±  6.8     64.2 ±  6.4 
HRmax (beats/min)              180.8 ±  7.2    180.8 ±  7.9           178.6 ± 7.8 
VO2max (ml/min/kg)   48.0 ± 3.5      50.0 ±  5.7      50.6 ±  6.9 
Peak lactate (mmol/L)   13.1 ±  1.8      13.6 ±  2.6             12.8 ±  2.4 
WLmax (Watt)             276.2 ±18.9         285.0 ±22.6           276.2 ±33.9          
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2. Experiment period. 
 Volunteers are grouped into 3 groups, 20 volunteers per group. Each group was 
tested on separate days but at approximately the same time of day to minimize the variability 
due to circadian rhythms. Group by group performed an incremental exercise test using a 
Monark cycle ergometer (model 818) with the same VO2max protocol which had been tested at 
the first test with cheer up until exhaustion. The exhaustion was the indicator to fatigue. Most 
of the volunteers performed the test using the same or more time than they consumed at the 
first test. Immediately after fatigue from exercise, blood samples were collected, then each 
group was assigned to different protocol after fatigue ; Group 1, resting recovery group, rest 
by sitting at ambient ; Group 2, O2 recovery group, rest by sitting with 100% O2 inhalation 
though O2 mask ; Group 3, HBO2 recovery group. As soon as reaching fatigue, the volunteers 
of Group 3 immediately moved into hyperbaric chamber, putting on O2 mask supplied with 
100% O2. The pressurizing procedure started and took 5 minutes before reaching 2.5 ATA. 
The volunteers were closely observed through the closed circuit monitors. Blood samples 
were collected every 5 minutes for total period of 30 minutes during recovery and immediately 
assayed for lactate concentration. All volunteers in all the three groups were recovered 
without any unwanted reactions nor any signs or symptoms of O2 toxicity.                                        
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3. Blood lactate concentration.   
 The baseline blood lactate concentration was the concentration of lactate taken from 
volunteer before starting the exercise. The 0 min concentration was the concentration of 
lactate in the blood taken at the time of exhaustion. Then, the blood samples were taken at 5 
minute interval for 30 minutes. All the blood samples were immediately assayed for lactate 
concentration using the automated analyser (YSI 1500 Sport, Ohio, USA) which procedure 
shown in Appendix C. The data on blood lactate concentration were shown in Table 4.2. 
 
 Prior to lactate assays, quality control for blood lactate assay using standard lactate 
solution (5 mmol/L) had been calibrated by protocol in Appendix C. Intra-assay variation had 
been tested by 20 repeated assays performed in the same day. The % CV for intra-assay was 
6.97943, X ± SD = 4.95 ± 0.345482 mmol/L. For inter-assay variation test, the standard lactate 
solution (5 mmol/L) was done once each day for 20 consecutive days.     The % CV for inter-
assay was 7.23595, X ± SD = 4.906 ± 0.354733 mmol/L ; the details of data were shown in 
Appendix D. The %CV for both intra- and inter-assay calibration was within the acceptable 
range (<10%). 
 
 Table 4.2 showed the data of blood lactate concentration of all three groups. The 
values are given as X ± SD of 20 volunteers in each group before exercise exhaustion, 
exhaustion and at 5 minute interval for 30 minutes. Statistic calculation and comparison 
between groups at each interval were carried out by ANOVA.     
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 Table 4.2  Blood lactate concentration following various modes of recovery. 
 
Modes of recovery     Recovery blood lactate (mmol/L) 
 Baseline       0 min             5 min            10 min          15 min         
  20 min           25 min         30 min  
            RR    1.4 ±0.6       11.1±2.1    12.3 ±2.0     12.3 ±2.3     11.6 
±2.3      10.3±2.4*   9.0±2.0*      7.7±1.8 
            OR 1.5 ±0.4       11.3±1.9      13.0 ±2.1      12.7±2.3     11.6 ±2.8#    10.1±2.3      
8.4±2.1       7.4±1.9 
            HR 1.5 ±0.3       11.1±2.7      12.4 ±2.8      11.1±2.9       9.4 ±3.0        8.3±2.7      
7.2±2.4       6.1±2.2 
RR, OR and HR stand for rest recovery group, oxygen recovery group, and hyperbaric oxygen 

recovery group, respectively.  
*Statistical significance ( p<0.05 ) between the means of HR and RR.  
# Statistical significance ( p<0.05 ) between the means of HR and OR.  
Means without any symbol do not differ significantly.  
 
  In all the modes of recovery , the highest mean lactate values were obtained in blood 
samples taken at 5 min after exercise exhaustion. Mean and SD values of peak lactate of the 
RR,OR and HR group were 12.3±2.0, 13.0±2.1 and 12.4±2.8 mmmo/L, respectively. Lactate 
level of baseline, at rest, 0 and 5 min after exhaustion did not show any significant difference 
between the various modes of recovery applied (Table 4.2).            The differences in blood 
lactate concentration between RR and HR at 20, 25 min were 10.3±2.4, 9.0±2.0 and 8.3±2.7, 
7.2±2.4 mmol/L, respectively, which showed statistically significant ( p<0.05 ). The mean 
lactate value at 15 min between HR (9.4±3.0 mmol/L) and OR (11.6±2.8 mmol/L) was 
significant difference ( p<0.05 )(Table 4.2). There was no significant difference in blood 
lactate concentration between RR and OR groups. 
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 The data from Table 4.2 was graphically presented in Figure 4.1 by plotting the blood 
lactate concentration (mmol/L) against time.  
 

Figure 4.1 Relationship between blood lactate concentration and time during recovery in 
various modes. 
 
     Post exercise lactate removal rates were found to be the fastest in HR, whereas , the 
lactate removal rate in RR and OR did not show any significant difference for a duration of 30 
min. After the recovery period, all volunteers did not present any complaints nor any signs of 
discomforts.  
 
 
 
 
 



CHAPTER V 
 

DISCUSSION 
 
 The primary purpose of this study was to investigate the effect of a 30 min 
exposure to HBO2 (100% O2 at 2.5 ATA) on lactate concentration after fatigue from 
incremental cycle ergometer exercise in comparison to resting or resting with O2 
inhalation at ambient. Sixty male naval cadets are volunteered to participate in this study 
with informed consents. They were randomly divided into 3 group of 20 volunteers in 
each group. The routine activities of all 60 naval cadet volunteers were in the same 
patterns and included : classroom tutorials, professional training and daily physical 
exercises according to the policies of the Royal Thai Naval Academy. There were no 
significant differences in age, weight, height, VO2max among the volunteers as shown in 
Table 4.1. This indicated that the volunteers participated in this study were homogeneous 
and significant differences occurred thereafter were the real differences. After 
exhaustion, the lactate concentration was significant differences at 20 and 25 minute 
interval when compared between the hyperbaric oxygen recovery group and the rest 
recovery group. There is no direct explanation as to how hyperbaric oxygenation can 
facilitate the faster removal of lactate from the peripheral blood circulation. But there are 
many studies and experiments on the effect of hyperbaric oxygenation and exercises. 
Cabric et al, 1991 reported that exposure to 100% O2 for 60 minutes at 2.8 ATA could 
increase treadmill time to exhaustion and VO2max for at least 3 hrs post-HBO2 in healthy, 
untrained female, physical education student. The blood lactate concentration during 
exertion was lower than before the hyperbaric oxygenation or lower than the baseline 
data although it was not statistically significant. No clear explanation of the result was 
provided. However Cabric et al, 1991 suggested that hyperbaric oxygenation could 
improve tissue oxygenation with more O2 retention would most logically decrease the 
incidence of tissue hypoxia condition during recovery after subsequent exercise. A report 
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from Fisher and Jain, 1987 compared 3 conditions : ambient, O2 inhalation and HBO2 in 
connection with exercise which was quite similar to the present work but different 
design. They studied the blood chemistry parameters in healthy adult volunteers who 
exercised while breathing air at ambient, normobaric oxygen and oxygen at 1.5 ATA. In 
the rest period following exercise, uric acid, lactate and pyruvate decreased significantly 
when compared with the levels after exercise without HBO2. The Fisher and Jain, 1987 
study might be explained through Wegliki et al, 1966 experiments in dog that, HBO2 
could inhibit and inactivate glycolytic sulfhydryl enzymes and so lower lactate 
concentration found. Those studies which showed that HBO2 had no effects on maximal 
oxygen consumption (VO2max), ventilation threshold (VT), lactate threshold (LT), muscle 
oxygenation (% Mox) included Banister et al, 1970 ; Hoftmann et al, 1990 and Webster 
et al, 1998. 
                                       
 The effect of HBO2 on lactate clearance might be viewed through another aspect, 
HBO2 resulted in increasing partial pressure of O2 (pO2) in tissue fluid and also increasing 
the O2 transport capacity as well. It is possible that the high pO2 in the blood circulation 
enhances the rate of lactate oxidation and therefore increases the rate of lactate 
clearances. Since most of lactate produced during rigorous exercise is removed by direct 
oxidation for 50-70% (Gaesser and Brooks, 1984). In the present study, the HBO2 
recovery group showed statistic significant (p<0.05) lower blood lactate concentration at 
15-25 minutes after exercise exhaustion. The rest recovery group and the normobaric O2 
group (100% O2 inhalation through O2 mask at ambient) did not exhibit such effect. This 
can simply conclude that with rest alone or normobaric O2 administration, these two 
parameters might not cause any increase in O2 partial pressure within the tissue and the 
peripheral blood vessel. 
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Although hyperbaric oxygenation can shorten the recovery time and prevent 
tissue hypoxia as shown in several studies. But it is almost impossible in the real practice 
for athletes to easily get access to the hyperbaric chamber facility. Alternative measures 
such as “active recovery” for increasing the rate of lactate clearance had been suggested 
by several investigators (Hermansen and Stensvold, 1972 ; Dodd et al, 1984). The 
rationale for the rapid decay of blood lactate concentration during “active recovery” is 
based on the faster rate of lactate removal from the peripheral blood circulation. Studies 
indicated that massage (one parameter of “active recovery”) results in an earlier recovery 
than rest alone as it is accompanied by an increase in the total circulating blood volume 
by shifting plasma, RBC (Kresge, 1985), hemoglobin (Arkko et al, 1983) at least in 
respect to quicker lactate elimination or raised circulating blood cell volume (Boone et al, 
1991 ; Tomasik, 1983). The physiological responses to massage have been attributed to : 
1) an increase in local circulation, 2) an increase in cellular permeability and 3) the 
soothing effect it has on the central and peripheral nerves (Wakim,1960). It may be 
interested to compare the rate of lactate clearance between HBO2 and active recovery by 
massage in the future study. 
 
 In conclusion, among the three recovery modes in this study, HR is a much better 
recovery process than OR and RR groups, particularly when the faster rate of lactate 
elimination is used as the main criterion of measurement.                        
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APPENDIX A. 
 

Descriptive characteristic of volunteers in rest recovery group. 
 

AGE BW HT VO2max HRmax Peak 
LA 

WLmax 

21 70 175 44.9 182 9.14 275 
21 66 171 39.5 187 15.67 275 
20 64 177 52.4 186 14.49 300 
22 67.5 175 51.9 184 13.65 300 
21 58 165 47.8 197 17.62 275 
22 67 181 51.2 170 10.64 250 
21 60 171 45.5 175 13.76 275 
21 55.5 165 51.3 188 15.46 275 
22 65 170 50.8 175 12.27 275 
20 69 170 50.3 174 12.58 275 
21 67 171 51.8 174 13 300 
21 68 178 54.1 179 11.37 300 
21 65 170 47.2 178 13.82 275 
21 65 179 47.3 188 13.56 275 
22 75 180 45.9 178 13.99 275 
21 57 167 46.5 194 13.01 250 
21 62 172 45.4 174 11.75 275 
20 62 172 46.4 177 11.87 225 
21 62 169 45.7 176 12.47 275 
21 80 180 44.4 180 12.88 300 

 
 



 39

Descriptive characteristic of volunteers in oxygen recovery group. 
 

AGE BW HT VO2max HRmax Peak 
LA 

WLmax 

22 60 169 43.6 185 17.25 275 
21 55 165 49.2 184 11.61 275 
22 63 171 44.4 172 14.67 275 
21 56 173 47.5 189 17.32 300 
20 65 177 52.8 167 12.5 275 
21 62 176 49.5 180 12.28 300 
22 65 170 53.5 180 13.57 325 
21 57.2 162 44.8 192 19.39 275 
21 55 169 45.3 184 15.23 275 
20 55 165 49.2 178 8.86 250 
20 56 168 63.8 185 14.85 275 
21 54 166 45.2 181 11.41 275 
21 73 173 60.3 175 13.59 300 
20 80 185 58.5 195 16.03 325 
20 65 174 50.2 185 12.08 300 
21 67.5 170 51 179 11.43 325 
22 55 162 54.4 167 13.43 275 
21 56 172 46.9 170 13.38 250 
21 61 175 44.9 171 9.54 275 
21 61 174 45.7 184 14.61 275 
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Descriptive characteristic of volunteers in HBO2 recovery group. 

 
AGE BW HT VO2max HRmax Peak 

LA 
WLmax 

20 59 166 59.2 179 12.72 325 
22 68 179 51.3 177 10.17 300 
20 80 180 49.3 183 11.87 300 
21 71 170 57.8 172 17.08 300 
20 56 171 53.2 190 10.35 300 
22 64 176 52.1 184 16.14 275 
22 70 180 46.9 178 10.86 275 
21 63.5 170 60.8 169 11.47 275 
20 57 169 53.6 182 10.45 250 
22 59 172 54.5 181 19.21 250 
20 63 175 50.2 171 12.86 250 
21 60.2 175 66.4 189 13.97 250 
21 67 175 42.3 174 11.1 250 
21 72 172 41.7 169 14.93 250 
21 62 168 44.7 188 13.74 325 
21 65 174 44.9 184 11.88 250 
22 56 178 43.4 182 10.55 325 
21 69.2 179 42.7 172 12.15 225 
23 56 165 43.8 187 13.71 225 
21 66.5 176 53 161 11.82 325 
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APPENDIX B. 
 

Descriptive of lactate concentration levels of rest recovery group. 
 

# pre post 5 min 10 
min 

15 
min 

20 
min 

25 
min 

30 
min 

1 0.74 9.06 9.14 8.49 7.13 4.73 4.52 4.09 
2 0.8 15.36 12.93 15.67 15.08 14.5 12.56 10.66 
3 1.01 11.79 13.22 14.49 13.43 12.39 11.54 9.15 
4 1.77 12.19 13.27 13.65 13.17 9.62 9.89 8.63 
5 1.26 5.80 5.83 17.62 15.62 14.27 13.2 9.25 
6 1.16 9.56 10.64 9.62 9.95 9.30 7.75 6.68 
7 1.48 11.99 13.76 13.75 12.54 12.11 9.88 8.05 
8 3.51 14.61 15.46 15.42 15.04 12.09 9.61 9.88 
9 1.96 11.49 12.27 11.51 11.21 9.88 8.52 5.29 

10 1.23 11.67 12.58 11.67 9.29 7.95 6.88 3.36 
11 1.27 12.85 13 12 11.05 7 9 8.03 
12 0.89 11.37 11.07 8.88 8.80 8.72 6.80 6.19 
13 1.06 8.57 13.82 13.66 12.99 12.87 9.27 9.26 
14 1.28 11.44 13.56 12.58 11.11 10.64 10.53 8.58 
15 1.09 11.66 13.06 12.52 13.99 12.43 8.96 8.51 
16 1.61 8.43 13.01 10.22 10.22 9.4 8.64 7.88 
17 1.78 9.82 11.75 11.22 9.64 8.03 6.6 6.48 
18 1.38 11.87 11.80 11.65 11.38 10.99 8.91 8.96 
19 1.23 12.02 12.47 11.5 10.37 9.37 8.05 6.75 
20 1.80 11.18 12.88 11.26 9.87 9.85 9.56 8.84 

 
 



 42

Descriptive of lactate concentration levels of oxygen recovery group. 
 

# pre post 5 min 10 
min 

15 
min 

20 
min 

25 
min 

30 
min 

1 1.28 13.99 14.42 17.25 16.19 13.05 11.51 10.47 
2 2.32 10.68 11.61 11.07 8.58 8.48 6.13 5.7 
3 1.32 13.48 14.06 14.67 13 11.8 10.42 10.4 
4 1.78 13.12 17.32 14.1 10.68 9.51 8.54 7.18 
5 1.32 9.55 12.5 11.53 10.05 9.17 7.45 6.4 
6 1.16 12.28 12.22 10.88 9.76 8.35 6.72 5.54 
7 2.26 13.24 13.57 12.8 11.51 10.24 8.72 7.39 
8 1.41 15.32 15.09 15.27 19.39 16.05 12.67 11.18 
9 1.47 8.35 13.81 15.23 13.41 11.23 9.56 8.82 

10 1.86 8.62 8.86 8.16 7 6.04 4.75 4.08 
11 1.79 10.35 14.85 13.7 11.47 10.38 7.95 7.5 
12 1.43 9.82 10.22 11.41 11.3 10.38 9.54 7.92 
13 1.62 10.85 13.59 12.69 11.4 9.88 7.96 6.18 
14 1.55 12.86 16.03 15.96 15.06 13.35 11.61 8.77 
15 1.35 11.18 12.08 10.62 10.83 8.04 6.15 6.25 
16 1.65 9.22 10.55 11.43 10.68 9.25 7.79 5.54 
17 1.8 11.82 13.43 11.3 10.35 9.39 8.28 7.18 
18 2.05 10.32 13.38 12.93 11.25 9.41 8 7.85 
19 0.78 9.67 9.54 9.05 7.71 6.15 5.52 4.56 
20 0.64 11.45 14.61 13.63 13.28 10.97 8.95 8.36 
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Descriptive of lactate concentration levels of HBO2 recovery group. 
 

# pre post 5 min 10 
min 

15 
min 

20 
min 

25 
min 

30 
min 

1 1.47 10.09 12.72 11.24 10.4 8.89 7.34 5.91 
2 1.65 10.17 8.24 6.33 5.17 4.28 4.72 4.47 
3 1.57 9.24 11.87 7.93 6.08 5.28 4.13 3.32 
4 1.04 16.88 17.08 15.73 14.19 12.24 11.19 10.19 
5 1.23 9.24 10.35 10.16 9.17 7.34 6.66 3.77 
6 1.82 10.47 16.14 15.49 13.74 11.47 10 8.38 
7 1.91 9.79 10.86 10.19 7.65 7.66 6.14 5.69 
8 1.31 9.89 11.47 10.5 8.55 7.18 7.18 6.59 
9 1.74 8.35 10.45 8.87 7.75 5.94 5.21 4.79 

10 1.87 18.52 19.21 18.03 16.74 16.34 12.58 12 
11 1.66 12.86 12.75 11.31 10.31 8.02 7.14 5.9 
12 1.14 10.78 13.55 13.97 12.89 12.28 11.84 8.56 
13 1.83 8.92 11.1 9.03 7.19 7.08 4.81 4.51 
14 1.87 13.91 14.93 14.09 7.96 6.85 5.9 5.21 
15 1.72 9.43 13.74 9.98 8.57 7.45 6.81 6.01 
16 1.14 8.94 11.88 8.99 7.87 7.02 5.81 5.2 
17 1.32 9.76 9.82 10.55 8.42 7.77 6.78 5.01 
18 1.44 9.52 12.15 12.11 12.09 8.77 7.74 6.89 
19 1.69 13.71 11.51 9.89 9.18 8.85 8.39 8.04 
20 1.28 11.82 7.7 7.42 5.06 4.78 4.09 3.16 
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APPENDIX C. 
Lactate Analyzer 
1. Press MENU until the following display appears.  
 

RUN-0  RECALL-1 
SETUP-2  DIAG-3 

 

2. Select Run by pressing ENTER. 
 

SAMPLE-0 
CAL-1  PRIME-2 

 

3. Select the Calibration cycle by pressing 1, then ENTER. 
 

WAIT… 

       
If there is problem, the display will read 

 
INJECT 5 mmol/L 
 STANDARD… 

 

4. Inject the 5 mmol/L standard. When you remove the injection device,  you 
should see  

 
RUNNING… 
STIR ON 

 
RUNNING… 
REF ON 

 
WASHING… 
 

 
WAIT… 

 
INJECT 5 mmol 
CALIBRATOR CHECK 

 

5. Inject the 5 mmol/L standard to verify a successful calibration. Now you 
should see 
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RUNNING… 
STIR ON 

  
RUNNING… 
REF ON 

 
WASHING… 

 
CAL CHECK 
XX.XXmmol 

 

The acceptable range is from 4.90 to 5.10 mmol/L. If the result is outside 
of this range repeat the calibration process in order to eliminate the 
possibility of improper injection technique. If the calibration was 
successful press MENU. 
 

SAMPLE -0   
CAL –1  PRIME –2 

 

6. Check the linearity of the membrane by injecting a sample of either the 
YSI 2327 lactate standard 
Press ENTER, and the display will read… 
 

ENTER  ID # XXX 
        

No ID #  is required so press ENTER, the display will read… 
 

WAIT… 

 
INJECT SAMPLE… 

 

7. Inject the sample. When you remove the Syringepet or Injector, you will 
see 

 
RUNNING… 
STIR ON 

 
RUNNING… 
REF ON 
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#XXX XX.Xxmmol/L 
WASHING… 

 
MM/DD/YY  HH:MM 
#XXX XX.Xxmmol/L 

 

The sample result will be displayed along with the ID# (in this case 000), 
date, and time. 
 

8. If the result is acceptable press MENU and the display will read… 
 

SAMPLE-0 
CAL-1   PRIME-2 
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APPENDIX D. 
Quality control for assay of lactate concentration 

 The assay of lactate concentration had been done by using automated lactate analyser 
(YSI 1500 Sport, Ohio, USA). The standard lactate solution (5 mmol/L) is used as the test agent. 
Intra-assay variation was done by 20 repeated assay on the same day. Inter-assay variation was 
done by performing the assay once each day for 20 days. Mean, standard deviation and %CV were 
calculated and shown below. 

%CV = SD x 100 
                   X 

 Intra-assay variation     Inter-assay variation 
 5.2 4.59 
 5.16 4.63  
 5.86 4.56 
 5.09 4.57 
 5.19 5.03 
 4.96 4.92 

5.15 5.02 
 5.15 4.36 
 4.86 4.95 
 5.25 5.1 
 4.54 5.2 
 4.7 4.54 
 4.5 5.16 
 4.93 4.7 
 5.22 5.86 
 4.67 4.5 
 4.73 5.09 
 4.73 4.93 
 4.76 5.19 
 4.35  5.22 
 4.95 X 4.906 
 0.345486 SD 0.354733 

6.97943                         %CV                                     7.23595 
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APPENDIX E. 
 
QMC (Quinton Metabolic Cart) 
Calibration 
1. Power up the QMC and allow it to warm up for at least 30 minutes prior to 

calibration. 
2. From the Main Menu, select [Calib], then press [Enter]. 
3. Select Analyzer Calibrate, then press [Enter]. 
4. Select Gas Autocal, then press [Enter]. 
5. Within one minute, the gas analyzer will calibrate automatically. The 

screen will display the tolerance limits. 
6. Select Pneumotach Calibrate, then press [Enter]. 
7. Enter environmental conditions, then press [F10]. Do you want to save 

Edited Ambient Conditions? (YN) [Y] appears on the display. 
8. Press [Enter]. Patient data file update appears and Zero flow valts is 

highlighted in red in the upper right corner of the screen.  
9. Adjust the Pneumotach zero control knob so that the Zero Flow reads 

0.000v ± 0.020v. 
10. Press [F10] when the pneumotach zero value is set. 
11. Attach the 3-liter syringe to the breathing valve assembly, then follow the 

prompts on the bottom of the display. 
12. Press [Esc] to return to the Calib submenu. 
13. Select BxB Calibrate, then press [Enter]. Calibrate BxB Response 

appears. 
14. Press [Enter]. The response and the delay times for the O2 and CO2 

analyzers appear. 
15. Press [Esc] twice to return to the Main Menu. 
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Patient 
Before performing an exercise study you must enter the patient’s biographical 
data. 
1. From the Menu, select Patient, then press [Enter]. 
2. Select Enter New Patient, then press [Enter]. The patient information 

display appears. 
3. Enter all appropriate data, then press [F10]. The screen displays Do you 

want to Save this  
     Patient Data? [YN][Y]. 
4. Press [Enter] to return to Patient submenu, then press [Esc] to return to the 

Main Menu. 
 
Test 
Before starting an exercise study, make sure that: 
• You have explained the testing procedure to the patient. 
• You have entered patient biographical data into the QMC. 
• The QMC has been powered up for at least 30 minutes. 
•You have calibrated the QMC. 
• Headgear, breathing valve and expired hose are in place. 
• The BxB line is in place. 
• The patient is sitting comfortably on the cycle ergometer. 
• The QMC is in the appropriate menu for Exercise Study. 
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