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ALTERATION OF VASOMOTOR RESPONSES OF ARMS AND LEGS BY
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ABSTRACT

The purpose of this study was to investigate vasomotor adaptations to 8 weeks
prolonged aerobic and anaerobic exercise training. Investigation of changes in
vasomotor responses to acute exercise stimulation of the arms and legs of trained
aerobic, anaerobic and sedentary subjects were carried out. In addition, I studied
changes in volume of the vasomotor when exercise stimulation was applied to upper
and lower extremities by different exercises. An aerobic group, an anaerobic group
and a control group consisting of sedentary people were on average aged 19-22 years
old, weight about 50-78.2 Kg, and BMI from 18.33-28.65. The volume of changes in
the vasomotor at different exercise situations was determined using a volumeter and
the heart rate was also monitored. With an inflated blood pressure cuff on the left arm ,
there was no significant change in the heart rate and values of the left arm volume of
the three groups of subjects. With an inflated blood pressure cuff on the right arm,
the anaerobic group showed a significantly increased heart rate and values of the left
arm volume compared to the control group. In pulling the pulley with the left hand
with 15% MVC conditions, there was a significant increase in heart rate of the aerobic
and anaerobic groups but there was no significant change in the values of the left arm
volume for either group. In pulling the pulley with the right hand with 15% MVC
conditions, there was a significant increase in heart rate of the anaerobic group but
there was no significant change in the values of the left arm volume of either group. In
Vo2max test conditions, there was a significant increase in heart rate of the anaerobic
and control groups but there was no significant change in the values of the upper and
lower extremities volume at the same time. In Wingate test conditions, it was also
found that the lower extremities of the aerobic group had a greater degree of
vasodilatation than the control group. These results may suggest that aerobic athletes
have greater stability of the vascular system in the leg than sedentary people.
Explanations of these changes to the general public could suggest good exercise
routines to lower blood pressure.

KEY WORDS: EXERCISE / VASODILATATION / VASOCONSTRICTION /
EXERCISE STIMULATION / VOLUMETER
143 pp. ISBN 974-04-5235-3




Fac. of Grad. Studies, Mahidol Univ. Thesis / v

o w 1 = Yy A Yy 9 491 z
Wa‘]]@ﬂfﬂi@i’]ﬂﬂ"lﬁ\iﬂTfJﬁgﬂ%ﬂ??ﬁ@ﬂWﬁLﬂﬁElullﬂa\isll@\uﬁulﬁ@ﬂﬁnﬂﬂ’]ﬁi%ﬂﬁﬁﬂuﬂiuigﬂgﬁu

(ALTERATION OF VASOMOTOR RESPONSES OF ARMS AND LEGS BY
EXERCISE STIMULATION IN AEROBIC AND ANAEROBIC ATHLETES)

BaFNIaY Yy 4537283 SPSS/M
M.y, Anenenaas N

AuznIINMIAILANINdnuT:; 1deou Fusiud PhD. (Neuroscience), ilayqyr luyn M.D.
(Orthopedic Surgery), 9123 NYNAT M.Sc. (Sports Science)

w \l
UNANED
=< S S S A = o w ' a
MsfnIATINTTaglszasnmefnyImaveINIToanMaIMeIzezeaomlasuniasyuaves
y A y v g H \ o o A Yy o ¥
iWuaea1nns lenduie luszesdunuuaiegveavutazv luindmadnuuuldndsaruuuy 14
v
pongou, lildoengiou uazd hiseniidene Meawnguileny (21.14 = 0.77, 20.79 = 0.70, 19.42+0.52)
v
WINUD (62.46 £ 7.70, 61.84 £ 5.96, 60.25+6.78) uasmﬁmama (21.72 £ 2.36, 21.04 £ 1.68, 21.71 £ 2.92)
o o ya o = A a o s v ]
mudanlnamesnu TasAnyinmsnldsunlaslsuasvesuauving 4 58198 Taensnscduainnis ey
v & o ' Y  an Ay A, A = = Yy A
adile luszerdulunuuaiegdiedsmsunundeni e ldeFuredemsnasuuilasve aduiden
Ea
namsanymunlumsnszduuuudaviems lvadouveududona lutyudgenuiniwasing

v
Y @ a 9 ] 1 [ v o w @ 1 9 @
LG]”LHJﬂ\‘Wi’Jcl,ﬁ]uﬁ81]SllWliﬁUﬂ\‘lLl"’lJ‘L!“mﬂvlillmﬂﬂNE)‘(’JNﬁHEJﬁWﬂﬂJUVNﬁHJﬂQM, “lumsmw;uuummrmﬂﬁ

~ 9 A 1 v A d‘;d 9 % 1q 9 a = Q‘ %
m],‘lfii?l!,’ZlfJ‘LlalJ@\'1!,i’f‘L!l,fﬂ6&f’]G],’L‘!!,!‘11‘14!EU’JW‘I1]’Zlﬂi‘!’l«lﬂm/ﬁ‘l/lPj'ﬂl,!,‘]J‘]_lGl“]ﬁ/‘l’[ﬁQQ”IMI,!,‘]J‘]JM],llGl‘ﬂ)"t‘)E‘Ilf]“lf!ﬂl!ﬂJf‘l”lfil‘l/‘l1151J6\1’t‘)$5]'§"I

1 A

msduveialaazlSmasvesnvudrgedniivedrdgnadadoioudungui bisoniidenie, n1s

2 v

v v = Y A 9 ) A o o ° o A v Y Y
NILAUAIINITAITONAIIUDHEIYLUALHDUINUIIUNTS5% mmumuﬂmﬂ”lﬂqqu uaﬂum‘smmumami

q

[ 1 Y a ' [ 9 @ A g 1 v o W aa U
Pudnsenuierisims Ieendnugega wuhiisasimsduvesialumuduedalisdidgmieadalungu

v A d'& 9 @ 1q 9 a 1A 9 ] 1 @ y [
Wnnwmndauuuldndsnuuuy lilseendau ualSunasveavudgs luuanaiadiu lumsnaasailuinsen

]
v A

Tagldndnmsnaaeums luldeondwunuinindmndauuylsndsnuuvyldesngauiinmsversdives

o w a

¥ A oy o w VA w a = g Y d 1 o A A
[FULADAVDIU NWﬂﬂ'JW@UthJﬂﬂﬂ']a\iﬂ'lﬂ DYNUUHITIAUNNADA Waﬂ’ljﬂﬂlﬂuuﬁﬂQGlWLﬂN'JWUﬂﬂW']‘V]Fjﬂ

5]

Y o ¥ - o 7 o s v A a4
L!UUGl%wa\i\i']uunﬂi‘]f@ﬂﬂcﬁﬁ]u(g ﬁﬂﬂ'lﬂ)llﬂ'lﬁWﬁuu']ﬂ']ﬁ@]'ﬂuﬁu@\?ﬂ]@\ucﬁaﬁﬂaqmluﬂliﬂuﬂﬂqﬂﬂﬂmu’]ﬂ

idudeanaszuulszamda Tuda ldaa landntmndavuuldudenuouylyldeendiau dla)

=

2 o J Y ' Y 1 o w o Ay Y o Y a = o
ﬂlmxlﬂﬂ’lﬂuﬂi‘)uﬂﬂx‘lﬁﬁIll]ﬁﬂﬂﬂllll’t‘)’t’]ﬂﬂ”IENﬂ”IEJuﬂﬂWWII?Jﬂll‘].liﬂ“]ﬂWﬁ\NWuLL‘].I‘]JiﬂfE]@ﬂ%L%NlJﬂﬁWGMUW]N

A Ao wa 1 Y A 1 oA AqY o q ¥ a
33‘]_|Uﬁﬁi‘)ﬂm@ﬂ‘ﬂllﬂiuﬁllU@]ﬂE]uﬂ]Nﬂﬂ'ﬂuﬂﬂWﬁ/ﬂ“ﬁWﬁQ\ﬂuu‘U‘Uhlll(l“lff‘)f’)ﬂ"]ﬂ%u

143 #111 ISBN 974-04-5235-3




CONTENTS

Page
ACKNOWLEDGEMENTS 111
ABSTRACT v
LIST OF TABLES vii
LIST OF FIGURES ix
LIST OF ABBREVIATIONS Xiv
CHAPTER
INTRODUCTION 1
2 LITERATURE REVIEW
1. EXERCISE 4
2. AEROBIC TRAINING 7
3. ANAEROBIC TRAINING 13
4. VASOMOTOR 15
3 MATERIALS AND METHODS 25
4 RESULTS 34
5 DISCUSSION 67
6 CONCLUSION 78
REFERENCES 79
APPENDIX A 90
APPENDIX B 96
APPENDIX C 141
APPENDIX D 142

BIOGRAPHY 143



LIST OF TABLES

TABLE PAGE
1. Characteristics of the three systems by which ATP is formed 5
2. General Characteristics of control subjects, aerobic athletes and 37

anaerobic athletes used in this study

3. Arm volume of individual subject in control group 96
4.  Arm volume of individual subject in control group 97
5. Arm volume of individual subject in control group 98
6. Arm volume of individual subject in control group 99
7. Leg volume of individual subject in control group 100
8. Leg volume of individual subject in control group 101
9. Arm volume of individual subject in aerobic group 102
10. Arm volume of individual subject in aerobic group 103
11. Arm volume of individual subject in aerobic group 104
12. Arm volume of individual subject in aerobic group 105
13. Leg volume of individual subject in aerobic group 106
14. Leg volume of individual subject in aerobic group 107
15. Arm volume of individual subject in anaerobic group 108
16. Arm volume of individual subject in anaerobic group 109
17. Arm volume of individual subject in anaerobic group 110
18. Arm volume of individual subject in anaerobic group 111
19. Leg volume of individual subject in anaerobic group 112
20. Leg volume of individual subject in anaerobic group 113
21. Arm volume per body weight of individual subject in control group 114
22. Arm volume per body weight of individual subject in control group 115
23. Arm volume per body weight of individual subject in control group 116
24. Arm volume per body weight of individual subject in control group 117

25. Leg volume per body weight of individual subject in control group 118



LIST OF TABLES (CONTS.)

TABLE

26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44.
45.
46.
47.
48.

Leg volume per body weight of individual subject in control group
Arm volume per body weight of individual subject in aerobic group
Arm volume per body weight of individual subject in aerobic group
Arm volume per body weight of individual subject in aerobic group
Arm volume per body weight of individual subject in aerobic group
Leg volume per body weight of individual subject in aerobic group
Leg volume per body weight of individual subject in aerobic group
Arm volume per body weight of individual subject in anaerobic group
Arm volume per body weight of individual subject in anaerobic group
Arm volume per body weight of individual subject in anaerobic group
Arm volume per body weight of individual subject in anaerobic group
Leg volume per body weight of individual subject in anaerobic group
Leg volume per body weight of individual subject in anaerobic group
Heart rate of individual subject in control group

Heart rate of individual subject in control group

Heart rate of individual subject in control group

Heart rate of individual subject in aerobic group

Heart rate of individual subject in aerobic group

Heart rate of individual subject in aerobic group

Heart rate of individual subject in anaerobic group

Heart rate of individual subject in anaerobic group

Heart rate of individual subject in anaerobic group

Aeorbic and Anaerobic training Program

viii

PAGE

119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
142



LIST OF FIGURES

FIGURE

1.

A Comparison of left arm volume per body weight and left arm pre
and post volume per body weight in inflated blood pressure cuff at
left upper arm condition

B Comparison of left arm percent volume change per body weight and
left arm pre and post percent volume change per body weight in
inflated blood pressure cuff at left upper arm condition

A Comparison of left arm volume per body weight and left arm pre
and post volume per body weight in inflated blood pressure cuff at
right upper arm condition

B Comparison of left arm percent volume change per body weight and
left arm pre and post percent volume change per body weight in
inflated blood pressure cuft at right upper arm condition

A Comparison of left arm volume per body weight and left arm pre
and post volume per body weight in pull pulley left hand with
resistance 15% maximal voluntary contraction(MVC)condition

B Comparison of left arm percent volume change per body weight
and left arm pre and post percent volume change per body weight in
pull pulley left hand with resistance 15% maximal voluntary
contraction(MVC)condition

A Comparison of left arm volume per body weight and left arm pre
and post volume per body weight in pull pulley right hand with
resistance 15% maximal voluntary contraction(MVC)condition

B Comparison of left arm percent volume change per body weight
and left arm pre and post percent volume change per body weight in
pull pulley right hand with resistance 15% maximal voluntary

contraction(MVC)condition

PAGE
38

39

40

41



LIST OF FIGURES (CONTS.)

FIGURE PAGE
5. A Comparison of left arm volume per body weight and left arm pre 42
and post volume per body weight in VO2 max test (Astrand- rhyming
test) condition
B Comparison of left arm percent volume change per body weight
and left arm pre and post percent volume change per body weight in
VO2 max test (Astrand- rhyming test) condition
6. A Comparison of right arm volume per body weight and right arm 43
pre and post volume per Body weight in VO2 max test (Astrand-
rhyming test) condition
B Comparison of right arm percent volume change per body weight
and right arm pre and post percent volume change per body wieght in
VO2 max test (Astrand- rhyming test) condition
7. A Comparison of left leg volume per body weight and left leg pre 44
and post volume per body weight in VO2 max test (Astrand- rhyming
test) condition
B Comparison of left leg percent volume change per body weight
and left leg pre and post percent volume change per body weight in
VO2 max test (Astrand- rhyming test) condition
8. A Comparison of right leg volume per body weight and right leg pre 45
and post volume per body weight in VO2 max test (Astrand- rhyming
test) condition
B Comparison of right leg percent volume change per body weight
and right leg pre and post percent volume change per body weight in
VO2 max test (Astrand- rhyming test) condition
9. A Comparison of left arm volume per body weight and left arm pre 46

and post .olume per body weight in wingate test condition



LIST OF FIGURES (CONTS.)

FIGURE

10.

1.

12.

13.

14.

B Comparison of left arm percent volume change per body weight
and left arm pre and post percent volume change per body weight in
wingate test condition

A Comparison of right arm volume per body weight and right arm
pre and post volume per body weight in wingate test condition

B Comparison of right arm percent volume change per body weight
and right arm pre and post percent volume change per body weight in
wingate test condition

A Comparison of left leg volume per body weight and left leg pre
and post volume per body weight in wingate test condition

B Comparison of left leg percent volume change per body weight
and left leg pre and post percent volume change per body weight in
wingate test condition

A Comparison of right leg volume per body weight and right leg pre
and post volume per body weight in wingate test condition

B Comparison of right leg percent volume change per body weight
and right leg pre and post percent volume change per body weight in
wingate test condition

A Comparison of heart rate and pre and post heart rate in inflated
blood pressure cuff at left upper arm condition

B Comparison of percent change of HR and percent change of HR
pre-post test in inflated blood pressure cuff at left upper arm
condition

A Comparison of heart rate and pre and post heart rate in inflated
blood pressure cuff at right upper arm condition

B Comparison of percent change of heart rate and percent change of
heart rate pre-post test in inflated blood pressure cuff at right upper

arm condition

PAGE

47

48

49

58

59

Xi



LIST OF FIGURES (CONTS.)

FIGURE

15.

16.

17.

18.

19.

20.
21.
22.
23.

A Comparison of heart rate and pre and post heart rate in pull pulley
left hand with resistance 15% maximal voluntary contraction (MVC)
condition

B Comparison of percent change of heart rate and percent change of
heart rate pre-post test in pull pulley left hand with resistance 15%
maximal voluntary contraction (MVC) condition

A Comparison of heart rate and pre and post heart rate in pull pulley
right hand with resistance 15% maximal voluntary contraction (MVC)
condition

B Comparison of percent change of heart rate and percent change of
heart rate pre-post test in pull pulley right hand with resistance 15%
maximal voluntary contraction (MVC) condition

A Comparison of heart rate and pre and post heart rate in VO2 max
test (Astrand- rhyming test) condition

B Comparison of percent change of heart rate and percent change of
heart rate pre-post test in VO2 max test (Astrand- rhyming test)
condition

A Comparison of heart rate and pre and post heart rate in wingate test
condition

B Comparison of percent change of heart rate and percent change of
heart rate pre-post test in wingate test condition

A Technical data of flow rate /20 sec, period = 120 sec, normal
collection, H20 1000 ml =992 g

B Technical data of flow rate /20 sec, period at 40 to 120 sec, normal
collection, H20 1000 ml =992 g

Digital weight machine (AD-6201, Japan)

Skinfold Caliper (F-LSC, England)

Hand Grip and Back-Leg Dynamometer (Takei & Company, Japan)

Wingate test machine set

60

61

62

63

95

90
90

91

Xii

PAGE



xiii

LIST OF FIGURES (CONTS.)

FIGURE PAGE

24. Polar (F-PLC, Finland) 92

25. Sit and reach box (Sports Science Program, Rajabhat Loei University) 92

26. Volumeter (Biomedical Equipment technology, Mahidol University) 93
side view

27. Volumeter (Biomedical Equipment technology, Mahidol University) 94

front view



LIST OF ABBRIVIATIONS

BMI body mass index

BW body weight

cm centimeters

HR heart rate

Ht body height

MVC Maximum voluntary contraction
g gram

Kg Kilogram

1 liter

m meter

max maximum, maximal
min minute

ml milliliter

SD standard deviation

sec second

SEM standard error of mean

yr year



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Sports Science) / 1

CHAPTER 1

INTRODUCTION

During exercise there is a redistribution of blood flow so that the metabolically
more active skeletal muscles receive the greatest proportion of the cardiac output ( 33,
88,89,90). The redistribution of blood flow during exercise result from

vasoconstriction of the larger arterioles supplying the metabolically more active
skeletal muscles (104).

The vasodilation of arterioles and metarterioles and increase in blood flow
(exercise hyperemia) that occur in active skeletal muscle is due, inpart, to the
following 1) a local effect caused by an increase in temperature , CO, , potassium ions
, hydrogen ions , and adenosine and lactic acid levels and a decrease in O, ( 48 ). 2)
the release of vasodilatory substance called endothelial- derived relaxing factors ( the
most studied of which is nitric oxide, NO ) from the innermost layer of smooth
muscle cells of an arterial blood vessel, the intima (9,17,30,80,48,65,67). 3) an initial
sympathetic cholinergic reflex response in the arterioles of active muscles (83).

Several studies involving effect of different exercise in vasodilation,
Tschakovsky and co-worker (1996) reported that a functional muscle pump does exist
in the human forearm in vivo, but that a rapid vasodilation detectable within 2 s also
contributes to the early exercise hyperemia (100). Chauying and co-worker (2000)
have reported that exercise training increase agonist-stimulated nitric oxide, NO
release and enhances endothelium-dependent vasodilation in vessels obtained from
normal or hypertensive animals. Chauying and co-worker (2002) found that chronic
exercise partially reduces vascular structural changes, impairs EC [Ca®*]i signaling
and vasodilation in hypercholesterolemic rabbit femoral artery (10). Timothy Musch
and co-worker (2003) found similar increases in total hindlimb blood flow in young
and old rats during submaximal exercise (99). Cheriff (2003) found that hidlimb blood

flow changes directly with speed (when vasodilation caused by changes
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in speed and grade oscillations out of phase (slow uphill, fast downhill)) indicates that
there is a direct coupling of stride frequency and hindlimb blood flow (i.e, muscle
pumping)(18). Michael and co-worker (2003) found that increasing muscle contraction
frequency, which alters the duty cycle and metabolic rate, would increase the
contribution of the contractile phase to mean venous blood flow in isolated skeletal
muscle during rhythmic contractions(77). Calbet and co-worker (2003) found that
during the Wingate test in normoxia, sprint cyclists relied more on anaerobic energy
sources than endurance cyclist. Sprint cyclist achieved higher peak and mean power
output, and 33% larger oxygen deficit than endurance cyclist (7).

Short running is the sports that muscle strength plays an important role. The
training for short runners is extremely specialized and specific to the movement
involved and obviously concentrates mainly on developing maximum strength (Elliott,
1989). Energy supply for short runners was mainly from anaerobic system from
glycogen in muscles. Anaerobic sources supply most of the energy for rapid
movements, or during increased resistance to movement at a given speed. When
movement begins at either fast or slow speed, the high energy phosphates provide
immediate anaerobic energy for muscle actions. After a few seconds, the glycolytic
pathway generates an increasingly greater proportion of energy for ATP resynthesis.
When intense exercise continues beyond 30 seconds, a progressively greater demand
is placed on the relatively slower aerobic energy metabolism of the stored

macronutrients (22).

Long running is the sports that endurance of body systems plays an important
role. The training for long runners is extremely specialized and specific to the
tolerance of musculoskeletal and cardiopulmonary system. Energy supply for long
runners was applied from aerobic system that need oxygen support to the biochemical
reactions. Aerobic sources supply most of the energy for long time movements.
Energy was produced from chemical reaction with oxygen system. The oxygen system

is used during low intensity, long duration exercise (22).

Therefore, it could be hypothesized that there should be differences in
vasodilational response in athlete trained by different metabolic energy systems. Since

there are differences in detailed motor unit activation during their exercise training and
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there should be differences in patterns of autonomic nervous system activations. In
addition, the kinetics of smooth muscle responses in the muscles to exercise should be

different.

Objectives:

1. To determine alterations of vasomotor responses to exercise stimulation of
arms and legs of trained aerobic and anaerobic subjects of vasomotor response
mechanism to prolonged exercise training.

2. To determine extremity’s volume changes resulted by exercise stimulation.

3. To correlate the heart rate alterations monitored simultaneously during above
treatments with alterations of the vasomotor parameters.

4. To compare differences in response of upper and lower extremities to the

same stimulus used mentioned above.
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CHAPTER 2
LITERATURE REVIEW

Exercise

Exercise was defined as structured physical activity which focuses on the intent
to improve one or a combination of the basic element of fitness: cardiovascular
endurance, muscular endurance, muscular strength and muscular and joint flexibility
(47). Lennart Jungrsten and co-worker (1997) showed that both physical fitness and
acute exercise can regulate nitric oxide formation on endothelium of vessels in healthy
humans. They concluded that physical fitness and formation of nitric oxide on
endothelium of vessels at rest are positively linked to each other, a single session of
exercise elicits an acute elevation of nitric oxide formation. The observed positive
relation between physical exercise and nitric oxide formation may help to explain the
beneficial effects of physical exercise on cardiovascular health (63). Some physical
activities rely predominantly on a single system of energy transfer, whereas more than
one energy system energizes most physical activities, depending on their intensity,
duration, frequency, and nutritional status. In 2002, Robert Carter III and co-worker
presented effects of mode of exercise recovery on thermoregulatory and
cardiovascular response in eight healthy men, these data suggest that skin blood flow
and sweat rate during recovery from exercise may be modulated by
nonthermoregulatory mechanisms and that sustained elevations in skin blood flow and
sweat rate during mild active recovery may be important for postexertional heat
dissipation (86). Therefore aerobic and anaerobic exercise provide a generalized
overview of the relative contribution to energy metabolism of nutrition for adequate
nourished individuals during rest and various exercise intensities (70).

Energy supply processes for muscular work needs are met by the transformation
of potential energy in chemical bonds to mechanical energy for work. Muscular

contraction can only proceed via the breakdown of adenosine triphosphate (ATP),
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which is an energy rich molecule in short supply in the human body. ATP is the
body’s basic energy currency and thus, must be replenished for muscular contraction
to continue. Fortunately, this can occur via anaerobic metabolism (without the
presence of oxygen) as well as through aerobic metabolism (in the presence of
oxygen) (102).There are three common energy processes for the production of ATP:
1) ATP-PC (Phosphagen system) 2) Anaerobic glycolysis (lactic acid system) 3)

Aerobic system (oxygen system)

Table 1 General Characteristics of the three systems by which ATP is formed

0, Relative ATP
System Fuel Speed
required production
Anaerobic
ATP-CP system Phosphocreatine No Fastest | Few;limited
Lactic acid system | Glycogen (glucose) No Fast Few;limited
Aerobic
Oxygen system Glycogen, fats, proteins | Yes Slow Many;unlimited

(Edward Fox, Richard Bowers, Merle Foss; The Physiological Basic for Exercise and
Sport; 5t edition; 31, 1993)

Two of three metabolic systems involved in ATP resynthesis mentioned
previously, the ATP-PC (phosphagen system) and anaerobic glycolysis (lactic acid
system) are anaerobic. Anaerobic means without oxygen and metabolism refers to the
various series of chemical reactions that take place within the body. The ATP-PC
(phosphagen system) included adenosine triphosphate (ATP) and phosphocreatine
(PC) that both of it contain phosphate groups. The end products of this breakdown are
creatine (C) and inorganic phosphate (Pi). The energy is immediately available and is
biochemically coupled to the synthesis of ATP. As rapid as ATP is broken down
during muscular contraction, it is continuously re-form from ADP and Pi by the
energy liberated during breakdown of the stored PC. The important of the phosphagen
system to athletics found in the powerful, quick start of sprinters, high jumper and by
similar activities that required only a few seconds to complete. The phosphagen

system represents the most rapidly available source of ATP for use by the muscle.
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Some of the reason for this is 1) it does not depend on a long series of chemical
reactions. 2) It does not depend on transporting the oxygen we breathe to the working
muscle. 3) Both ATP and PC are stored directly within the contractile mechanism of
the muscle. The other anaerobic system in which ATP is resynthesized within the
muscle, anaerobic glycolysis; involves an incomplete breakdown of carbohydrate to
lactic acid. In the body, all carbohydrates are converted to the simple sugar glucose,
which can either be immediately used in that form or stored in the liver and muscle as
glycogen for later use. Lactic acid is a product of anaerobic glycolysis. Glycogen is
chemically broken down into lactic acid by a series of reaction. During this
breakdown, energy is released and, though coupled reaction, it is used to resynthesized
ATP. Anaerobic glycolysis, like the phosphagen system, is extremely important to us
during exercise primarily because it also provides a relatively rapid supply of ATP.
Lactic acid is produced and tolerated so that a precious few additional ATPs can be
generated. Albeit, not many, but a few more until the cells become so acidic that they
cannot effectively function. This ability to continue to generate some ATP and tolerate
the buildup of lactic acid and compromised muscle function may have important
implications for survival in life threatening situations. The most rapidly accumulated
and highest lactic acid levels are reached during exercise that can be sustained for 60-
80 seconds. (21)

The another one common energy processes is aerobic system (oxygen system). In
the presence of oxygen, When 1 mole of glucose from glycogen is completely broken
down to carbon dioxide (CO,) and water, releasing sufficient energy to resynthesize
39 moles of ATP. There are many steps of reactions of the aerobic system which can
be divided into three main series: first, aerobic glycolysis; the first series of reaction
involved in the aerobic break down of glycogen to CO, and H,O is glycolysis. Oxygen
does this by diverting the majority of the lactic acid precursor (pyruvic acid), into the
aerobic system. Second, the Krebs cycle; the pyruvic acid formed during aerobic
glycolysis passes into the mitochondria and continues to be broken down in a series of
reactions. A number of significant events occur during the cycle, carbon dioxide and
ATP is produced, oxidation occur. Last; continuing in the breakdown of glycogen, the

end product, H,O, is formed from the hydrogen ions and electron that are removed in
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the Krebs cycle. In this reaction 39 moles of ATP are generated per 1 mole of glucose

21).

Aerobic Training

There are two important factors in formulating an aerobic training program. For
one thing, the training must be geared to provide a sufficient cardiovascular overload
to stimulate increase in stroke volume and cardiac output. This central overload should
be accomplished with the appropriate muscle groups to concurrently enhance the local
circulation and metabolic machinery within the specific muscle. This essentially
embodies the specific principle as applied to aerobic training. Simply stated, runners
should run, cyclists should bicycle, and swimmers should swim. Brief bouts of
repeated exercise (interval training) as well as continuous, long-duration work
(continuous training) enhance aerobic capacity, if the exercise is sufficiently intense to
overload aerobic system. Interval training, continuous training, and Fartlek training are
three common methods to improve aerobic fitness (71).

Interval training: Many elite athletes attribute their success to interval training
(29). With the correct spacing of exercise and rest periods, a tremendous amount of
work can be accomplished that would not normally be completed in a workout in
which the exercise was performed continuously. Repeated exercise bouts (with rest
periods or relief intervals) can vary from a few seconds to several minutes or more
depending on the desired outcome (14). The interval training prescription can be
modified in terms of intensity and duration of the exercise interval, the length and type
of relief interval, the number of work intervals (repetition), and the number of
repetition blocks (sets) per workout. Adjustment of any or all of these can easily be
made to meet the specific requirements for different performances. This offers flexible
options for developing the anaerobic and aerobic energy transfer systems. A longer
work interval engages the aerobic system, whereas shorter exercise intervals place
greater overload on the anaerobic energy system. One value of interval training is that
it permits high intensity, intermittent exercise for a relatively long period. In essence, a
person can reach max VO, repeatedly in a training session. For example, few people
can maintain a 4 minute mile pace for longer than a minute, let alone complete a mile

within 4 minutes. If running interval, however, were limited to only 15 seconds
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followed by 30 seconds of recovery, it would not be exceedingly difficult to maintain
these exercise-rest intervals and complete the mile in 4 minutes of actual running.
Although this dose not suggest a world class performance, the point is that a
significant quantity of normally exhausting work at high levels of both aerobic and
anaerobic metabolism can be achieved with the proper spacing of rest and work
intervals (71).

In the example of a continuous run at a 4 mile pace, a large portion of energy
would be supplied through anaerobic glycolysis. Within a minute or two, lactic acid
levels would rise precipitously and the runner would become exhausted. With interval
training, repeated work bouts of about 15 seconds would permit a severe load to be
imposed on the aerobic energy system of specific muscles without an appreciable
buildup of lactic acid. Fatigue incurred during the work interval would be minor and
recovery could take place quickly. The work interval could then begin after only brief
rest period, and a high level of aerobic metabolism would be sustained. For training
the long term aerobic energy system, the work-recovery interval ratio is usually 1 to 1
or 1 to 1.5. During a 60 to 90 second exercise interval, for example, oxygen
consumption is insufficient to meet the energy requirements of the exercise. The
recommended recovery interval enables the succeeding exercise interval to begin
before recovery is complete. This ensures that the circulatory an aerobic metabolic
stress reach near peak levels even though the exercise are interval relatively short.
With longer periods of intermittent exercise there is sufficient time for metabolic and
circulatory adjustments, thus, the duration of the rest interval is not as crucial (71).

Continuous Training: continuous or long slow distance training involves steady-
paced exercise performed at either moderate or high aerobic intensity (60 to 80 % max
VO,) for sustain duration. The exact pace can vary, but it must be sufficient threshold
intensity to ensure physiologic adaptation. The method to establish this threshold so
that the person might exercise in the “training-sensitive zone” was outlined previously.
Continuous training for an hour or longer is popular among joggers and other fitness
enthusiasts as well as competitive endurance athletes. It is not common for distance
runners to train twice a day on a yearly basic and run between 100 to 150 miles each
week. By its nature, continuous exercise training is submaximum and, therefore, can

be engaged in for considerable time to relative comfort. Because of the potential
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hazards of high intensity interval training for coronary-prone individuals, continuous
training is particularly suitable for those just beginning an exercise program. When
applied in athletic training, continuous training is really over-distance training, with
most athletes covering between two to five times the actual distances of their racing
event. It is believed that over-distance training produces the largest aerobic adaptations
in both the central circulation and peripheral tissues. Overload is generally
accomplished by increase exercise duration, although the work rate increase
progressively as training improvements are achieved. One of the advantages of
continuous training is that it permits training at nearly the same intensity as actual
competition. Because the recruitment of appropriate motor units depends on work rate,
continuous training may be best suited for the endurance athlete in term of adaptations
at the cellular level (28).

Fartlek Training: fartlek or speed play training is a relatively unscientific
adaptation of interval and continuous training that is well suited for exercising to of
doors over natural terrain. With this system, alternate running is done at both fast and
slow speeds on both a level and hilly course. In contrast to the precise exercise
prescription in interval training, fartlek training dose not require systematic
manipulation of the work and relief intervals. Instead, the performer determines the
training scheme based on “how it feels” at the time. If done properly, this system
develops one or all of the energy system. An added advantage is the flexibility it
affords in determining the extent of training. Although lacking the systematic and
quantified base of interval and continuous training, fartlek training is ideally suited for
general conditioning or off-season training and for maintaining a certain freedom and
variety in workouts (71).

Aerobic overload training significantly improves a variety of functional
capacities related to oxygen transport and use (40). The most notable adaptations
accompanying aerobic training include the following: (72)

1. Mitochondria from trained skeletal muscle have a greatly increased capacity to
generate ATP aerobically by oxidative phosphorylation.

2. Associated with the increased capacity for mitochondria oxygen uptake is an
increase in both the size and number of mitochondria and a potential twofolds increase

in the level of aerobic system enzymes.
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3. Skeletal muscle myoglobin content of animals increase by as much as 80%.

4. There is an increase in the trained muscle’s capacity to mobilize and oxidize
fat. This occurs by an increase in blood flow within muscle and in the activity of fat
mobilizing and fat metabolizing enzymes. At any submaximum work rate, a trained
person uses more free fatty acids for energy than an untrained counterpart. This is
beneficial to endurance athletes because it conserves the carbohydrate stores so
important in prolonged exercise.

5. Trained muscle exhibits a greater capability to oxidize carbohydrate.
Consequently, large quantities of pyruvic acid move through the aerobic energy
pathways. This is consistent with the increase in oxidative capacity of mitochondria
and increase glycogen storage within the trained muscle. In 1996, M.A. Febbraio and
co-worker study examined the effects of elevated muscle temperature on muscle
metabolism during exercise in seven active men. It is concluded that an elevated
muscle temperature per se increase muscle glycogenolysis, glycolysis, and high energy
phosphate degradation during exercise. These alterations may be the result of an
increased rate of ATP turnover associated with the exercise and/or changes in the
anaerobic/aerobic contribution to ATP resynthesis (26).

6. Aerobic training produces metabolic adaptations in the different types of
muscle fibers.

7. There may also be selective hypertrophy of different muscle fibers to specific
overload training. Highly trained endurance athletes show larger slow-twitch fibers
than fast twitch fibers in the same muscle.

8. Body heat transfer: well-hydrated, trained individuals exercise more
comfortably in hot environments because of a larger blood volume and a more
responsive heat regulatory mechanism. Trained individuals dissipate heat faster and
more economically and thereby cool the body more effectively. This means that the
metabolic heat generated by exercise causes less heat strain and thus prolongs exercise
tolerance. In 1976, Erika Baum and co-worker study in seven long distance runners
the thermoregulatory response to acute external cooling and heating under resting
conditions. They found the runners thus behaved as if the set point of their
thermoregulatory system had been reset to a lower level, the shift is quantitatively

comparable to that found in heat adaptation as for the sweating threshold. The
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described modifications in long distance runners would prolong the time period until a
dangerous body temperature (23). In 1991, Dean L. Kellogg, Jr. and co-worker studied
control of internal temperature threshold for active cutaneous vasodilation by dynamic
exercise, it is concluded that reflexes associated with exercise cause elevation
vasodilator threshold by delaying activation of the active vasodilator system during
exercise, rather than through the adrenergic vasoconstrictor system (15).

9. Related cardiovascular and respiratory change: the cardiovascular and
respiratory system are intimately linked with aerobic processes, related changes occur
that are both functional and dimensional:

a. Heart size: the weight and volume of the heart generally increase
with long term aerobic training (81). A mild cardiac hypertrophy is a normal training
adaptation characterized by an increase in the size of the left ventricular cavity as well
as by a thickening of its walls. This cardiac enlargement return to control level with
reduced training intensity.

b. Blood volume: plasma volume and total hemoglobin tend to increase
with endurance training. This adaptation may enhance circulatory and
thermoregulatory dynamics to facilitate oxygen delivery capacity during exercise. In
1983, S.M. Fortney and co-worker presented effect of blood volume on forearm
venous and cardiac stroke volume during exercise in five healthy men exercised at 65-
70% of VO, max in 30 minutes. The patterns of stroke volume over the course of
exercise indicates that pooling of blood in veins may be quantitatively more important
than plasma water loss in reducing cardiac filling pressure in the heat (27). In 1984,
H.J. Green and co-worker investigate the role of high intensity intermittent exercise on
adaptations in blood volume and selected hematological measurement, the findings of
this study suggest that exercise intensity is a major factor in promoting exercise
induced hypervolemia and that rapid elevations in plasma volume can be induced early
in training (32). In 1990, B. Nielsen and co-worker study the effect of heat stress on
blood flow and metabolism in an exercising leg in seven subjects walking uphill for 90
minutes. They concluded that a flow limitation to the exercising muscle, and
subsequent altered metabolism, is not what makes it impossible to continue the

exercise in the heat in the present circumstances, it may be that the high core
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temperature has an effect on the central nervous system in reducing mental drive for
motor performance (82).

c. Heart rate: resting and submaximal exercise heart rate decrease
during aerobic training, especially for previously sedentary individuals. Consequently,
heart rate changes provide a convenient index to measure training improvement (71).

d. Stroke volume: the heart’s stroke volume increase significantly at
rest and during exercise. Large stroke volumes are evident among endurance athletes
and generally result from a large ventricular volume accompanied by enhanced
myocardial contractility (71).

e. Cardiac output: the most significant change in cardiovascular
function with aerobic training is the increase in maximum cardiac output. Because the
maximal heart rate may even decrease slightly. The heart’s increased outflow capacity
results directly from improved stroke volume. A large cardiac output is a major factor
that distinguishes champion endurance athletes from well-trained and untrained
individuals (71).

f. Oxygen extraction: training produces significant increases in the
amount the oxygen extracted from the circulating blood. And increase in the
arteriovenous oxygen difference results from a more effective distribution of the
cardiac output to working muscles, as well as of enhanced capacity of the trained
muscle cells to extract and utilize oxygen. In 1994, B. Falk and co-worker determine
whether age related differences in the response to cold exposure are due to aging per
se or are caused by a reduced maximal oxygen uptake. They concluded that older age
per se, are not the cause that reduced VO, max, is responsible for the age related
difference in responses to rest and exercise in the cold (25).

g. Blood flow and distribution: there is some indication that trained
individuals perform submaximal exercise with a relatively lower cardiac output than
untrained counterparts. Aerobic training causes large increase in total muscle blood
flow during maximal exercise due to: improvements in maximal cardiac output, and
redistribution of blood from nonworking areas that temporarily compromise their
blood flow in response to all-out effort. In 1975, John M. Johnson and Loring B.
Rowell determine the cutaneous and resting skeletal muscle vascular responses to

prolonged leg exercise in man, the results suggest that the progressive decrements in
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central venous pressure, stroke volume, and arterial pressure previously seen during
prolonged exercise are due in part to progressive increments in cutaneous blood flow
and volume (43). In 1991, C.G. Tankersley and co-worker study sweating and skin
blood flow during exercise: effects of age and maximal oxygen uptake, these finding
suggest that during a short exercise bout there is no primary effect of aging on heat
loss responses but, rather, changes are associated with the age-related decrease in VO,
max or the decline in heat loss responses due to aging may be masked by repeated
exercise training (96). In 1991, Takashi Nishiyasu and co-worker determine the
influence of hypovolemia on the control of forearm vascular resistance during
dynamic exercise in five active men. They concluded that reduced blood flow to the
periphery during exercise in the hypovolemic condition was caused entirely by an
increase in vascular resistance, thereby preserving arterial blood pressure and adequate
perfusion to the organs requiring increase flow (94).

h. Blood pressure: regular aerobic training tends to reduce both systolic
and diastolic blood pressure during rest and submaximal exercise. The largest decrease
occurs in systolic blood pressure and are most apparent in hypertensive subjects (71).

i. Respiratory function: increased breathing volumes accompany
improvements in max VO,. Higher maximum ventilation is due to increases in both
tidal volumes and breathing frequency. This adaptation should be helpful in prolonged
exercise because increased ventilatory economy means more oxygen availability to the

working muscles (71).

Anaerobic Training

The capacity to perform and maintain in all out exercise for brief periods of time
up to 60 seconds is largely dependent on ATP generated by the immediate and short
term anaerobic energy system. Methods of anaerobic training had common objective
to develop phosphagen used to generated energy in athletes.

The phosphate pool: sports such as weightlifting and various other brief sprint
activities rely almost exclusively on energy derived from the muscle’s phosphate pool.
The phosphate pool can be overloaded by engaging specific muscles in repeated
maximum bursts of effort for 5 to 10 seconds. Because the high energy phosphate

supply energy for intense, intermittent exercise, only small amounts of lactic acid are
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produced and recovery is rapid. Thus, a subsequent exercise bout can begin after a 30
to 60 second rest period. This use of brief all out work periods interspersed with
recovery represents a specific application of interval training, a technique useful for
anaerobic conditioning. In training to enhance the ATP-CP energy capacity of specific
muscles, the activities selected must engage the muscles at the appropriate speed of
movement for which the athlete desires improved anaerobic power. Not only does this
enhance the anaerobic metabolic capacity of the specifically trained muscle fibers, but
it also facilitates the recruitment of the appropriate motor units used in the actual
movement.

Lactic acid: as the duration of all out effort extends beyond 10 seconds,
dependence on anaerobic energy from the phosphates decreases while the quantity of
anaerobic energy generated in glycolysis increases. To improve capability for
anaerobic energy release via the short term lactic acid energy system, the physiologic
conditioning program must overload this aspect of energy metabolism. Heavy
anaerobic training is psychologically taxing and requires considerable motivation.
Repeat bouts of up to 1 minute of maximum running, swimming, or cycling stopped
about 30 seconds before subjective feeling of exhaustion, cause lactic acid to increase
to near maximum levels. Each exercise bout should be repeated after 3 to 5 minutes of
recovery. Several repeats cause a lactate stacking that result in higher levels of lactic
acid than just one bout of all out effort to the point of voluntary exhaustion. Of course,
it is critical to use the specific muscle groups the require this enhance anaerobic
capacity. The time necessary for recovery can be considerable when exercise involves
a significant anaerobic component. Anaerobic power training should occur at the end
of conditioning session. Otherwise, fatigue would carry over and perhaps hinder the
efficiency of subsequent aerobic training (71).

In keeping with the concept of specificity of training, activities that demand a
high level of anaerobic metabolism bring about specific changes in the immediate and
short term energy system, without a concomitant increase in aerobic functions.
Specifically, the metabolic changes that occur with sprint and power type training
include:

1. Increases in resting levels of anaerobic substrates: as determined from muscle

biopsies taken before and after resistance training 28% improvement in strength was
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accompanied by significant increases in the muscle’s resting levels of ATP, CP, free
creatine, and glycogen (41, 74).

2. Increases in the quantity and activity of key enzymes that control the
anaerobic phase of glucose breakdown: this changes are not of the magnitude observed
for oxidative enzyme with aerobic training. The most dramatic alteration in anaerobic
enzyme function and increase in fiber size occur in the fast twitch muscle fibers.

Increases in capacity for levels of blood lactate during all out exercise that follow
anaerobic training: this is probably due to enhance levels of glycogen and glycolytic
enzyme, as well as to improved motivation and pain tolerance to fatiguing exercise.
Increased anaerobic exercise capacity is also observed concurrent with metabolic
adaptation (73). In 1979, McMurray, R.G. and co-worker presents thermoregulation in
six trained swimmers and five runners to cold and heat were evaluated during 30
minutes of exercise. They found runners were able to attain higher sweat rates than
swimmers in 35°C water. Swimmers had significantly greater tissue conductance
values in the 35°C exposure. Swimmers thermoregulated were better in 20°C water
than runners. Physical training in water does not improve heat acclimatization to the

extent of training in air, but does improve cold tolerance (75).

Vasomotor

The main function of the vasculature is to deliver metabolic requirements to
the tissue of the body. Some tissue have a greater need than other depending on their
functions of a given time (e.g. muscles in exercise). Some tissue can survive without
these substrates longer than other e.g. muscle cell can survive hypoxia for hours,

whereas the brain that will die within minutes in similar hypoxia (87).

Control of blood vessels

Local control mechanism: this is a main control mechanism in skin. High
temperature causes vasodilatation in skin arterioles and vain. At temperatures of 12-
15°C, vasoconstriction of skin vessels occurs. This appears to be caused by
noradrenergic stimulation of op-adrenoceptors. Below 12°C, paradoxical cold
vasodilatation occurs caused by neurotransmitter release impaired and the vasodilator

substances e.g. prostaglandins are released. In the most other tissues, vasodilatation
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occurs in response to cold. This is probably related to the predominance of a;-
receptors in other tissues compared with ap-receptors in the skin. In 1976, John M.
Johnson and co-worker presented interactions between local and reflex influences on
human forearm skin blood flow. They concluded that local and reflex influences to
skin interact so as to modify the degree but not the pattern of skin vasomotor response
(45). Cleroux and co-worker presents baroreflex regulation of forearm vascular
resistance after exercise in hypertensive and normotensive humans in 1992. They
suggested that the after effects of exercise could not be attributed to changes in
cutaneous blood flow (42). Transmural pressure: This is the pressure across the wall of
the vessel and can be affected by external and internal pressures: External pressure,
blood flow is impaired by a high external pressure outside the vessel e.g. when muscle
is contracting or when sitting or kneeling. Internal pressure, initially, raised blood
pressure causes the vessel to distend briefly. This causes the smooth muscle to be
stretch, producing flow within the vessel. This is termed the myogenic response and is
a mechanism of autoregulation. In 1992, Carten Stick and co-worker study
investigates whether walking or running prevents the formation of edema in the lower
leg. The experimental results prove that walking prevents dependent edema formation,
however, cannot be fully explained by the lowered venous pressures (8). Local
metabolites: many metabolites cause vasodilatation and increase perfusion of the
tissue. These include: hypoxia (decrease pO,), acidosis (causes by CO, and lactate),
adenosine triphosphate (ATP) breakdown products, K* from contracting muscle and
brain neurons, increase in osmolarity. Different tissues are influenced to varying
degrees by these factors; for example, coronary vessels react mainly to hypoxia and
adenosine whereas cerebral vessels are influenced by K* and H* (87).

Cytokines are chemical substances that can produced and secreted locally and act
locally as local hormones, producing local responses e.g. inflammation. They include
(87):

1. Histamine: This is an inflammatory mediator that causes arteriolar
vasodilatation (Hj-receptor mediated). In veins, it causes vasoconstriction and
increases permeability (H,-receptor mediated) (87).

2. Bradykinin: This inflammatory mediator causes vasodilatation nitric oxide

(NO) mediated and increase vascular permeability (mediator by Ca2+) (87).
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3. 5-Hydroxytryptamine (5-HT, serotonin): This is found in platelets, the
intestinal wall, and the central nervous system. It causes vasoconstriction (87).

4. Prostaglandins (PGs): These are inflammatory mediators synthesized from
arachidonic acid by cyclooxygenase. They are produced by macrophages, leucocytes,
fibroblasts, and endothelium. Their production is inhibited by nonsteroidal anti-
inflammatory drugs (NSAIDs) and steroids. PGF causes vasoconstriction, PGE causes
vasodilatation, and PGI, (prostacyclin) causes vasodilatation (87).

5. Thomboxane: This is a platelet activator that causes vasoconstriction; it is
involved in haemostasis (87).

6. Leukotrienes: These are inflammatory mediators synthesizes from arachidonic
acid by lipoxygenase. They are produced by leucocytes, and cause vasoconstriction
and increased vascular pressure (87).

7. Platelet activating factor (PAF): This is an inflammatory mediator that causes
vasodilatation, increased vascular permeability, and vasospasm in hypoxic coronary
vessels (87).

Endothelium dependent relaxation and contraction: when stimulated, the
endothelium of arteries and veins produce endothelium derived relaxing factor
(EDRF). EDRF was discovered to be nitric oxide (NO) and it is produced in
endothelial cells by cleavage from L-arginine by NO synthetics. In 1999, G. Radegran
and B. Saltin study the role of nitric oxide as a regulator of vasomotor tone has been
investigated in resting and exercising human skeletal muscle. These findings indicate
that nitric oxide is not essential for the initiation or maintenance of active hyperemia in
human skeletal muscle but support a role for nitric oxide during rest, including
recovery from exercise. Moreover, changes in blood flow during rest and recovery
caused by nitric oxide synthase inhibition are accompanied by reciprocal changes in
oxygen extraction, and thus VO, is maintained (85). Stimuli include thrombin,
bradykinin, substance-P, adenosine diphosphate (ADP), acetylcholine, and histamine.
NO diffuses into smooth muscle cells and activates on intracellular cyclic guanosine
monophosphate (cGMP) messenger system and causes vasodilatation. Blood flowing
through an artery causes shear stress on the endothelial cell. When arterioles dilate to
increase tissue perfusion, flow increases in feeder arteries by a process called flow

induced vasodilatation. This process is caused by increase shear stress, increasing NO
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production. Vasoconstriction substances are also produced by the endothelium
prostanoid is produced in large arteries to cause constriction in response to hypoxia;
endothelin is a powerful vasoconstrictive peptide (87).

Autoregulation is the process whereby tissue perfusion remains relatively
constant even though blood pressure changes. It also keeps capillary filtration pressure
at a stable value. Flow is proportional to pressure/resistance. Therefore, to keep flow
constant, any pressure change must be opposed by a resistance change. An increase in
pressure causes arteriolar vasoconstriction, thereby increasing resistance. A decrease
in pressure causes arteriolar vasodilatation and decreases resistance. It takes 30-60 s
for the effect to take place so, for example, there is an initial increase in flow with a
pressure increase before a steady state is reached. Autoregulation only occurs over a
limited pressure range. It is an intrinsic feature of the vessels and is independent of
nervous control. However, it does not mean that tissue perfusion is constant all the
time in vivo. In 1982, John M. Johnson and Myung K. Park presented effect of heat
stress on cutaneous vascular responses to the initiation of exercise. These finding a
cutaneous participation in the vasoconstrictor responses to exercise but also indicate
that sufficient hyperthermia can attenuate or even abolish this response (44). In 1994,
Michael B. Ducharme and Peter Tikuisis investigate the relative contribution of the
convective heat transfer in the forearm and hand to the total heat loss during partial
immersion in cold water and the heat gained during partial immersion in warm water.
These results suggest that during local cold stress the convective heat transfer by the
blood has a greater role than that suggested by previous studies for the forearm but a
lesser role for the hand (78). Autoregulation can be reset to work at a new level by an
increases sympathetic drive for instance. The mechanisms for autoregulation are:
Myogenic response: Increased pressure produces constriction of the vessel, opposing
the rise in pressure and stabilizing blood flow. Vasodilator washout: This is the effect
that blood flow has on the concentration of the local vasodilator metabolites. If blood
flow increases, these metabolites are washed away faster, causing the vessel to
constrict, thereby increasing resistance and slowing flow. In the heart, any increases in
coronary arterial pressure causes a rise in tissue pO,, leading to vasoconstriction; this

autoregulates heart blood flow (87).
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Metabolic (or functional/active) hyperaemia is the increase in blood flow that
occurs in exercising muscle and secreting exocrine glands when their metabolic rate
increases. The production of local vasodilator metabolites leads to vasodilatation and
causes vascular resistance to fall. Flow induced vasodilatation cause the main artery to
dilate. Ascending dilatation from the arterioles to the feeder arteries leads to dilatation
of the whole arterial tree supplying the tissue. Blood flow in contracting muscle is
increased in the resting phase. In the heart, the increase in metabolic rate causes a drop
in tissue pO,, leading to vasodilatation (87).

Reactive (or postischaemic) hyperaemia is the increase in blood flow that occurs
after supply to a tissue has been temporarily interrupted. Reactive hyperaemia enables
resupply to ischemic tissue as quickly as possible. The myogenic response is the
predominant mechanism for brief occlusions. In more prolonged occlusions,
vasodilator metabolites accumulate and play a significant role. Prostaglandins also aid
this process. Reactive hyperaemia is temporary and decays exponentially. A plateau of
hyperaemia may precede decay in prolonged occlusions. In some tissues e.g. the heart,
there is oversupply if blood and oxygen compared with the deficit during the
temporary interruption to flow (87).

Ischemic reperfusion injury: when blood flow to a tissue is interruption for a
prolonged period reactive hyperaemia is impaired. Reperfusion of ischemic tissue
results in superoxide and hydroxide radical formation. These can damage the tissue
and vessel wall, causing further occlusion. Damage is exacerbated by an increase in K*
and tissue acidosis. Reperfused cells have an impaired plasmalemmal barrier to Ca**
ions, which flow into the cell in an unrestricted way, causing calcium overload
damage. It is thought that reperfusion injury exacerbates damage to the myocardium,

intestine, and brain following ischemia (87).

Nervous control

Sympathetic vasoconstrictor nerves: sympathetic vasoconstrictor nerves innervate
the vascular smooth muscle of the resistance and capacitance vessels. A basal level of
activity of these nerves is responsible for vessel tone at rest. The neurotransmitter
involved is noradrenalin with act on a;-receptors on vascular smooth muscle causing

contraction. When there is an increase in sympathetic drive: vasoconstriction decrease
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local blood flow, vasoconstriction decrease local blood volume, arteriolar constriction
decrease capillary pressure, leading to greater absorption of fluid from the interstitium.
If there is an increase in sympathetic activity throughout the body, total peripheral
resistance and cardiac output increase. This constitutes the basic of the sympathetic
response to haemorrhage. A decrease in sympathetic activity causes vasodilatation and
vasodilatation (87).

Sympathetic vasodilator nerve: some tissues (skeletal muscle and sweat glands)
are also innervated by sympathetic vasodilator nerves. In skeletal muscle, vascular bed
stimulation by these nerves (which use acetylcholine as the neurotransmitter and act
on muscarinic receptors) causes vasodilatation. Stimulation only occurs as part of an
alerting response and is initiated in the forebrain without any brainstem influence. The
vasodilator effect is only temporary and plays no role in blood pressure regulation.
Stimulation of these nerves in sweat glands probably involving vasoactive intestinal
peptide (VIP) as neurotransmitter produces sweating and cutaneous vasodilatation(87).

Parasympathetic vasodilator nerves: parasympathetic vasodilator nerves innervate
the blood vessels of: the head, salivary gland, pancreas, gastrointestinal mucosa,
genitalia, and bladder. The effect of these nerves on the total peripheral resistance is
small because of their limited innervation. Their postganglionic neurons release
acetylcholine, which relaxes vascular smooth muscle. In some tissue e.g. pancreas,
vasoactive intestinal peptide (VIP) may be the main neurotransmitter. Vasodilatation
occurs in the arteries and arterioles of these vascular beds. In the erectile tissue of the
penis, it is the parasympathetic vasodilatation that fills the corpus sinuses with blood,

causing erection (87).

Hormonal control

Although the vasculature response is influenced by circulating hormones, short
term control is mainly achieved by the nervous system.

Adrenaline: The catecholamines (adrenaline and noradrenaline) are secreted from
the adrenal medulla. More than three times as much adrenaline is secreted as
noradrenaline. Plasma levels at rest of adrenaline are 0.1-0.5 nmol/L, and
noradrenaline 0.5-3.0 nmol/L. there is more noradrenaline in plasma because of spill

over from sympathetic nerve terminals. Secretion is increased in exercise,
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hypotension, hypoglycaemia, and fight or flight situations. Both hormones are [3-
adrenoceptor agonists, so they increase heart rate and contractility of the myocardium.
Both hormones cause vasoconstriction in most tissues via o-receptors: adrenaline
causes vasodilatation in skeletal muscle, myocardium, and liver. This is because there
more [-receptors in these tissues, and adrenaline has a higher affinity to these
receptors. Noradrenaline usually cause vasoconstriction because it has a higher affinity
to a-receptors. Adrenal gland stimulation results predominantly in adrenaline release,
which causes vasodilatation in the large vascular beds of skeletal muscle and liver and
increase stroke volume and heart rate. This lead to increases cardiac output, but with
little change to blood pressure due to decreased total peripheral resistance. In 1985,
John V. Chirstman and Carl V. Gisolfi study to anterior hypothalamic sensitivity to
norepinephrine is altered by chronic exercise in the heat in male Sprague-Dawley rats.
The data indicate that exercise in the heat increases norepinephrine induced peripheral
heat dissipating capacity and increases catecholamine storage in the preoptic area (46).
In 1990, Connelly, Terence P. and co-worker examine the influence of an increase in
central blood volume with head-out water immersion on the sympathoadrenal response
to graded dynamic exercise, nine healthy men underwent upright leg cycle exercise on
land and water immersion. These results suggest that the central shift in blood volume
with water immersion reduces the sympathoadrenal response to high intensity dynamic
exercise (97).

Vasopressin (antidiuretic hormone, ADH): ADH is a peptide produced in the
hypothalamus and released from the posterior pituitary into the bloodstream. A rise in
plasma osmolarity is the main stimulus for secretion. A fall in blood pressure and
volume are also stimuli, but to a lesser degree. ADH promotes water retention by the
kidney. High levels of ADH cause vasoconstriction in most tissues. In the brain and
heart, EDRF-mediated vasodilatation occurs. This ensures preferential supply to the
brain and heart in hypovolaemia (87).

Rennin-angiotensin aldosterone: Renin is an enzyme produced by the
juxtaglomeruli cells of the kidney. Its production is increased by: a fall in afferent
arterial pressure to the glomeruli, increase sympathetic activity, decrease Na* in the
mucula densa of the adjacent tubule. The formation of angiotensin II is action of this

peptide are as follows. It is stimulates aldosterone secretion from the adrenal cortex.
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Causes vasoconstriction at high concentration by acting directly on vascular smooth
muscle, initiating release of noradrenaline from sympathetic nerve terminals, and
increasing central sympathetic drive in the brainstem, increases cardiac contractility.
Aldosterone increases salt and water retention by renal tubules (87).

Atrial natriuretic peptide (ANP): In response to high cardiac filling pressure,
specialized myocytes in the atria secrete ANP. ANP increases the excretion of salt and
water by renal tubules. It also has a small vasodilating effect. Ventricles similarly
secrete brain natriuretic peptide (BNP), which increases in heart failure. Levels of
BNP may be used as a blood test for heart failure. In 1992, A Therminarias and co-
worker study the influence of moderate cold exposure on the hormonal responses of
atrial nariuretic factor, arginine vasopressin, catecholamine, and plasma rennin activity
after exhaustive exercise. They found that the alterations in hormonal concentrations
are likely to have been induced by changes in central blood volume and/or blood
pressure, these hormonal responses may serve as a feedback mechanism modulating

the blood pressure and volume responses to both exercise and cold exposure (98).

Regulation of circulation in individual tissues

Skeletal muscle: Oxygen and nutrient delivery to the muscle cells must increase
with exercise. Removal of waste products and heat must also be increased during
exercise. Phasically active muscle consists of white fibres e.g. gastrocnemius. Postural
muscles e.g. soleus are tonically active red fibres and have a greater capillary density.
Sympathetic vasoconstrictor nerve reflexes controlled by baroreceptors play a major
role in controlling flow. In hypovolaemia, for example, vasoconstriction can reduce
flow in skeletal muscle to one-fifth of its resting value. During exercise, metabolic
vasodilatation is the dominant mechanism for increasing flow. Adrenaline causes
vasodilatation by acting on smooth muscle P,-receptors. At rest, only 25% of the
oxygen in the blood is extracted. In severe exercise, this extraction can be increased
considerably. Extraction is aided by the presence of myoglobin. The skeletal muscle
pump aids venous return to the heart. This lowers venous pressure in the limbs. The
pressure difference from the arterial to venous circulations increases. Thus, the
perfusion pressure is increased, driving blood flow. Blood flow is impaired during

contraction. If contraction is sustained then the fibres will become hypoxic. Lactate
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will accumulate causing pain and strength will be rapidly lost. An increase in the
capillary filtration rate can lead to a fall in plasma volume (87).

Cutaneous circulation: The skin has a low metabolic requirement and its
vasculature is mainly involved in the regulation of the internal core body temperature.
Specific areas of the skin have arteriovenous anastomoses. These exposed areas have a
high surface area to volume ratio and include the fingers, toes, and palms, soles of the
feet, lips, nose, and ears. These anastomoses are controlled by sympathetic
vasoconstrictor nerves. In turn the sympathetic activity is controlled via the brainstem
by the temperature regulating area in the hypothalamus. The nerves controlling
sweating are also controlled in the same way when the core body temperature is too
high, sympathetic drive is reduced and the arteriovenous anastomoses dilate. Skin
temperature is very variable as it is influenced by ambient temperature. It has a direct
effect on cutaneous vascular tone: local heating causes vasodilatation, local cooling
causes vasoconstriction. Paradoxical cold vasodilatation occurs in acral areas (the
extrimities) on prolonged exposure to cold. After the initial vasoconstriction,
vasodilatation occurs. This is thought to be because the cold impairs sympathetic
vasoconstriction. This phenomenon prevents skin damage in such exposure. Skin
temperature receptors can evoke a weak spinal reflex that changes sympathetic
vasomotor activity. Hypotension causes a neural and hormonal (angiotensin, ADH,
and adrenaline) vasoconstriction of skin vessels. This produces the cold skin seen in
shock. Exercise causes vasoconstriction of the skin initially, but this can become a
dilatation if the core temperature rises. Emotion can produce a hyperaemia response in
the skin (blushing) and the gastric and colonic mucosa. Compression of the skin for
long periods e.g. when sitting for a long time may impairs blood flow. Reactive
hyperaemia and the skin’s high tolerance to hypoxia prevent ischemic damage.
Restlessness (i.e. the desire to move position) also plays a major role, possibly
stimulated by local metabolites and pain receptors. In certain patients. However,
failure to move or be moved can lead to necrosis in compressed areas. In hot weather,
cutaneous vasodilatation can lower central venous pressure. This can lead to fainting
(87).

Cardiovascular response to training: this is most important in the long distance or

endurance athletes. Training causes improvements in oxygen transport rate and
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changes in cardiac structure and function. Causes of improved oxygen transport are:
new capillaries formed in skeletal muscle, more muscle mitochondria closer to
capillaries, increased muscle myoglobin concentration. Changes in cardiac structure
and function are: thicker ventricular wall, increased myocardial vascularity, increased
ventricular cavity size. Stroke volume is much higher because of the cardiac changes.
Most athletes have a resting bradycardia, but because of the increased stroke volume
the resting cardiac output is the same. In exercise, the athlete’s maximum heart rate is
the same as that for an untrained subject, but because the athlete starts at a lower
value, a much greater change can be achieved. This coupled with the increased stroke
volume means that the athlete can increase cardiac output up to as much as 35 L/min

(87).
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CHAPTER 3
MATERIALS AND METHODS

1. Subjects

Fourty healthy males (average age 20.5 yr; range 19-22 yr) volunteered to serve
as subjects for this study. Fourteen subjects were short runners who had been trained
under the same coached of the Sports Science Program, Rajabhat Loei University.
The short runners had been trained for at least 8 week prior to this study. Throughout
this training period, these subjects regularly running trained once a day, at least one
hour per session, and 3 days a week. Fourteen subjects were long runner who had been
trained under the same coaches of the Sports Science Program, Rajabhat Loei
University. The short runners had been trained for at least 8 week prior to this study.
Throughout this training period, these subjects regularly running trained once a day, at
least one hour per session, and 3 days a week. Twelve subjects were sedentary who
had been less physical activity and participated in sports activity of less than 1 hour
during a week. Sedentary in control group were recruited from students of Education
program, Rajabhat Loei University, Loei . The three subject groups were matched for
their average age and Body Mass Index (BMI).

All subjects gave informed consent to the experimental protocol approved by the
Human Right Committee of Mahidol University No.21/2004. No subject reported skin
or cardiac disease or was known to be suffering from any chronic disease. None was

on any regular medication.

2. Experimental protocols
On the first test day, each subject was familiarized once with each test.
Data collection includes anthropometric measurement such as body weight, height,

skinfold thickness, vital sign and physical fitness test. The tests were conducted at
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Sports Science Laboratory, Sports Science Program, Rajabhat Loei University, Loei,

Thailand

At least 1 day apart following the first test, all subject was measured upper and
lower extremities volume by water displacement method in difference exercise
stimulation. Subjects were tested for volume changing of extremities by three
conditions stimulus that 1) Inflated blood pressure cuff by using pressure equal to
systolic pressure plus 10 mmHg at the left upper arm for 4 minutes, the left forearm
was immersed in volumeter (see Fig. 26, 27) for volume measurement 2) Inflated
blood pressure cuff by use pressure equal to systolic pressure plus 10 mmHg at the
right upper arm for 4 minutes, left forearm was immersed in volumeter for volume
measurement 3) the Vo2 max test (Astrand-Rhyming test), the subject was seated on
the bicycle ergometer which the saddle height was adjusted appropriately, started
pedaling the ergomrter at 0 Watt for 1 minute as a warm up period. Thereafter, the
resistance was increase by 100-150 watts (600-900 kgm/min) until heart rate (HR)
more than 120 beat/min. Start recording HR every minute until 6 minutes (24,39).
Upper extremities and lower extremities were measured at volumeter for measurement
volume (Fig. 26, 27). On the day three test, at least 1 day apart follow the second test
day, all subject was measured upper and lower extremities volume by water
displacement method in difference exercise stimulation. Subjects were tested for
volume changing of extremities by three conditions stimulus that 1) Pulling pulley
with the left hand with resistance 15% maximum voluntary contraction (MVC)
continuously, hold 2 minutes, the left forearm was immersed in volumeter for
measurement of volume 2) Pulling pulley with the right hand with resistance 15%
maximum voluntary contraction (MVC) continuously, hold 2 minutes, the left forearm
was immersed at volumeter for volume measurement 3) Wingate test, start pedaling
the ergometer at freeload for 1 minute as a warm up period. The resistance was set to
75 g/kg for Monark ergometer (24, 55). Subject continue pedaling at highest speed for
30 seconds. Upper and lower extremities were immersed at volumeter for
volumemeasurement. Volume changed of four extremities and heart rate were
recorded in the plastic bag at six times before each test conditions (Pre), during test
(Ts ), at minute 1-2 (T)), at minute 5-6 (T,), at minute 9-10 (T5), at minute 16-17

(T4), except in Vo2 max test and Wingate test conditions were recorded at five times
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before each test conditions (Pre), during test (Ts ), at minute 1-2 (T;), at minute 5-6
(Ty), at minute 9-10 (T3), at minute 16-17 (T4) . All data were collected for a subject
on two days while allowing for adequate rest, at least about 30 minute between each

condition were carried out.
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Experimental scheme of the study

Subject recruitment
Questionnaires (General health & Physical activities & Sports training)
Physical examination (vital sign at rest)

v

Informed consent signing

v

Familiarization
|
Anthropometric measurement
(Body weight & Height & Skinfold thickness & Physical Fitness)
At least 1 days
Study the effects of different exercise stimulation on volume of extremity
Control groups Aerobic groups Anaerobic groups
| | |
Testing of upper and lower extremities water displacement
Day I: Inflated BP cuff at the left upper arm
: Inflated BP cuff at the right upper arm
: Vo2 max test (Astrand-Rhyming protocol test)
Day II: Pulling pulley with the left hand with resistance 15% MVC
: Pulling pulley with the right hand with resistance 15% MVC
:Wingate test

'

Data analysis
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3. Experimental procedure

3.1 Vital Sign

Blood pressure of each subject were measured for by using blood pressure
monitor(Model DS-115,Japan), resting heart rate by using Polar(F-PLC, Finland.),
body temperature by using Thermometer(Matsuda, Japan), after arriving at the

laboratory and rest on a chair for about 10 minutes.

3.2 Anthropometric studies
3.2.1 Body size measurement
Body weight of each subject was measured by using Digital weight balance (AD-
6201, Japan). Body Mass Index (BMI) was calculated from ratio of weight (kg) and
height (m?). All measurements, using the same equipments, were handled by the same
investigator.
3.2.2 Body fat measurement
The skin fold thickness technique was used for determining of body fat by skin
fold caliper (F-LSC, England). Body density was calculated based on Jackson and
Pollock’s equations (42) and Brozek et al.’s equation for calculation of percent body

fat.

Dy, = 1.10938-0.0008267(x,) +0.0000016(x,)*-0.0002574(xs)

Equation for male age 18-61 years

Dy, = body density

X, = sum of triceps brachii, suprailiac and thigh (mm)

Xs = ages of subjects

Percent body fat = {(4.57/Dy)-4.142}*100

The detail of standardized sites by Lohman (23)

- Triceps brachii: over the mid point of the muscle belly between the
olecranon and the tip of acromion, with upper arm hanging
vertically and loosely.

- Suprailiac: just above the iliac crest in the mid axillary line.

- Thigh: over mid point between inguinal crease and patella
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3.3 Muscle strength measurements

Isometric handgrip strength was measured by using digital handgrip
dynamometer (Takei & Company, Japan). The subject was asked to perform to grip
with a relaxed standing and hold the dynamometer both right and left hand, which the
dynamometer was adjusted to a comfortable grip. The subject was asked to squeeze
the handles with as much force as possible. The best of three attempts was recorded
(coefficient of variation < 10%) (Elkin, 2000).

Isometric muscle strength of back extensor and knee extensor (Quadriceps
femoris muscle) were measured by back and leg dynamometer (Takei & Company,
Japan). First, the subject was asked to perform to measure the leg strength by asking
the subject to stand with a squat position at approximately degree of leg bending and
straight back on the dynamometer. The hand bar was adjusted to comfortable pull,
then the subject was asked to pull the hand bar with fully extend elbows and back,
with maximum effort. Three trials were performed and the highest value was recorded
(coefficient of variation < 10%).

Next, the subject was asked to perform to measure the back strength. The subject
was asked to stand on the dynamometer and bending forward with fully extend knee.
The hand bar was adjusted for comfortable to pull, then subject was asked to pull the
hand bar with fully extend elbows and knees with maximum effort, three trials were
performed and the highest back strength was recorded (coefficient of variation <

10%).

3.4 Flexibility and Agility test

Flexibility was measured by Sit and Reach Box (Sports Science Program,
Rajabhat Loei University). The subject was asked to perform by relaxed long sitting
and hold the position. The subject was asked to stretch the body toward together with
as much force as possible. The best reach in centimeter of the three attempts was
recorded.

Agility was measured by nine square test. The subject was asked to step to the
left and do to each corner of the 3x3 slots of nine square (50*50 cm) as much speed as
possible into 10 seconds, in the right step the same as the left step. The summation of

the right and the left values was calculated as agility index.
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3.5 Anaerobic power and capacity test

Anaerobic power and capacity was determined by Wingate 30 second test.
Anaerobic power and capacity of each subject was measured by using bicycle
ergometer (Monark 828E, Sweden). Before testing, the procedure was explained to
each subject until full familiarity was achieved. The subject was asked to perform to
relaxed sitting on bicycle. The subject was asked to spin a wheel that increased load
with as much force as possible into 30 seconds. Anaerobic power and capacity values

were recorded and calculated. (24, 55)

3.6 Maximum Oxygen Consumption (VO; max)

VO, max was determined by using a bicycle ergometer (Monark 828E, Sweden).
Before testing the procedure was explained to each subject until full familiarity was
achieved. The subject was asked to perform to relaxed sitting on bicycle. Subjects
were performed a maximal oxygen consumption test calculated from submaximal

exercise with Astrand-Rhyming protocol test. (24, 39)

3.7 Extremities volume measurement

Extremities volume were measured by displacing water filled in a volumeter
(Biomedical Equipment Technology, Mahidol University). Voltmeter’s size was 27
cm of diameter and 83 cm of height, the out of flow’s size was 3 cm of wide and 15
cm of long. The procedures for water displacement volume of the upper and lower
extremities were demonstrated and practiced by the subject before water was added to
the volumeter. The volumeter was filled with water to the level of the overflow spout,
and the water was allowed to stabilize prior to reading the water temperature and
beginning the immersion. Water temperature for both the upper and lower extremities
measurements was maintained at room temperature 25°C. For the upper extremities
measurements, subjects were instructed to lower the arm slowly into the volumeter
and to stop when the top of the volumeter came in contact with the elbow (head of
radius). At this point, a label line that determined the depth of immersion for repeated
measurements was marked by magic marker on the skin of the subject. In the both
hands immersion in water 2 minute continuously. For the lower extremities

measurements, subjects were instructed to lower the leg slowly into the volumeter and
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to stop when the top of the volumeter came in contact with the knee (3/4 of length
from malleolus to joint line of the knee). At this point, a label line that determined the
depth of immersion for accurate repetition of immersions was marked with a magic
marker. The subject immersed the extremities into the volumeter, stopping at the
preset label line. The displaced water was weighed on analog weight machine
(Pennsylvania Scale Company) this previously prepared computation gave an accurate

measurement of the water volume (liter) displaced and recorded.

3.8 Reliability of volumeter

Volumeter made from Biomedical Equipment Technology, Mahidol University.
Volumeter’s size was 27 cm of diameter and 83 cm of height. Test reliability in 24
subjects. Forearm and leg were immersed in volumeter for measure volume two
times. All data were collected for a subject on the same day while allowing
adequate time of rest, at least about 30 minutes between each time. Pearson correlation

coefficient (r) equal 0.8 (p< 0.05) shown that volumeter have high reliability.

The flow of water(H,O) in 20 seconds intervals after immerse arm and leg in 2
minutes in volumeter is shown in Figure 19A (at Appendix A), it can be seen that
there is high out flow in first 20 seconds and slowly decrease afterwards until
120 seconds. Figure 19B (at Appendix A), it can be seen that at 40 seconds, water

(H,0) flow slowly and decrease almost zero at 120 seconds.

3.9 Statistics

All data are presented as meantSEM. A repeated measure ANOVA was used to
determine whether or not there was a statistically significant difference between the
mean values obtained before and after the conditions period within the same subject.
An analysis of variance (ANOVA) was applied to individual variables in order to
investigate differences between aerobic groups anaerobic groups and control groups.
A Scheffe test was applied to compare the mean values. Data were presented in raw
data, percent change of volume per body weight. All the statistical tested were

performed by using the SPSS for window versions 10 program. The level of
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significance for differences between groups or between time intervals was set at

p<0.05.
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CHAPTER 4

RESULTS

The physical characteristics of the subjects in the control group, aerobic group
(long distance runners) and anaerobic group (short distance runners) are shown in
Table 2. The average values of age, body weight, and height of the control group were
19.42 +0.52 yr, 60.25+6.78 kg, 167.83 £5.60cm, respectively; the aerobic group were
21.14 £ 0.77 yr, 62.46 + 7.70 kg, 169.79+ 5.62cm, respectively; and those for the
anaerobic group were 20.79+ 0.70 yr, 61.84+ 5.96 kg, 171.29 + 4.80 cm, respectively.
Their average heart rate, systolic blood pressure, diastolic blood pressure and body
mass index were 82 +7.27 bpm; 118.08 £ 5.09 mmHg, 71.25 + 7.94 mmHg, 21.71 £
2.92 kg.m'2 ,;respectively for the control group; 70.71 £ 4.87 bpm, 117.60 + 12.47
mmHg, 67.07 + 6.94 mmHg, 21.72 + 2.36 kg.m™, for the aerobic group, respectively;
and 72.57 +9.90 bpm, 119 + 10.2 mmHg, 71.93 + 6.66 mmHg, 21.04 + 1.68 kg.m'z,
for the anaerobic group, respectively. Their average anaerobic power and maximal
oxygen consumption of the control group were 7.68 + 1.09 watt/kg, 36.21 + 2.56
ml/kg/min, respectively; for the aerobic group were 11.08 £1.03 watt/kg, 50.58 + 4.05
ml/kg/min, respectively; and for the anaerobic group were 15.57 + 0.91 watt/kg, 44.38
+ 2.29 ml/kg/min, respectively.

Both aerobic and anaerobic groups had significantly lower in heart rate
compared to control group (p<0.05). Aerobic group had significantly higher in
maximal oxygen consumption compared to control group (p<0.01). Anaerobic group
had significantly higher in maximal oxygen consumption compared to control group
(p<0.05). Aerobic group had significantly higher in maximal oxygen consumption
compared to anaerobic group (p<0.01). Both aerobic and anaerobic groups had
significantly higher in anaerobic power compared to control group (p<0.01).
Anaerobic groups had significantly higher in anaerobic power compared to aerobic

group (p<0.01). No significant differences in age, weight, systolic blood pressure,
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diastolic blood pressure and body mass index between the three subject groups

(p>0.05).

Table 2 General Characteristics of control subjects, aerobic athletes (long distance

runners) and anaerobic athletes (short distance runners) used in this study

Parameter Control Aerobics Anaerobics
(n=12) group(n=14) group(n=14)
Age (yr) 19.42 +0.52 21.14+£0.77 20.79 £0.70
Height (cm) 167.83 £5.60 169.79 £5.62 171.29 £4.80
Weight (kg) 60.25+6.78 62.46 +7.70 61.84 +5.96
HR (bpm) 82+7.27 70.71 + 4.87* 72.57 +9.90*
Sys BP (mmHg) 118.08 +5.09 117.60 + 12.47 119 £10.20
Dias BP (mmHg) 71.25 +7.94 67.07 £ 6.94 71.93 +6.66
BMI (kg/m®) 21.71£2.92 21.72+2.36 21.04 £ 1.68
VO, (ml/kg/min) 36.21 £2.56 50.58 + 4.05** 4438+ 2.20%* *
Wingate (watt/kg) 7.68 £1.09 11.08 £1.03** 1557 £0.91%* *

Values are mean=SEM. HR, Heart Rate; Sys Bp, Systolic Blood pressure; Dias Bp,
Diastolic Blood pressure; BMI, Body Mass Index; VO, Max, Maximal Oxygen
consumption; Wingate, Anaerobic power. Significant difference from control; *p<

0.05: **p<0.01. Significant difference from aerobic group; #p<0.01

The mean values of volume of arms and legs in different condition : First,
inflated blood pressure cuff at left upper arm , immersion left arm in water
condition; the mean values of left arm volume per body weight (Figure 1A) showed
no significant differences between the three groups of subjects at all time. The mean
values of the left arm percent volume change per body weight (Figure 1B)
showed anaerobic group had significantly higher at minute 17" compared to the
aerobic and control group (p<0.05) Second, , inflated blood pressure cuff at right
upper arm , immersion the left arm in water condition; the mean values of the left
arm volume per body weight (Figure 2A) showed aerobic group and anaerobic

group had significantly higher at minute 17" compared to the control group (p<0.05).
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The mean values of the left arm percent volume change per body weight (Figure
2B) showed no significant differences between the three groups of subjects at all time.
Third, pull pulley the left hand with resistance 15 % maximum voluntary
contraction (MVC) , immersion the left arm in water condition ; the mean values
of the left arm volume per body weight (Figure 3A) showed no significant
differences between the three groups of subjects at all time. The mean values of the
left arm percent volume change per body weight (Figure 3B) showed no
significant differences between the three groups of subjects at all time. Fourth, pull
pulley the right hand with resistance 15 % maximum voluntary contraction
(MVC) , immersion the left arm in water condition ; the mean values of the left arm
volume per body weight (Figure 4A) showed no significant differences between the
three groups of subjects at all time. The mean values of the left arm percent
volume change per body weight (Figure 4B) showed no significant differences
between the three groups of subjects at all time. Fifth, Vo2 max test (Astrand —
Rhyming test), immersion the left, right arms and left , right legs in water
condition ; the mean values of the left arm volume per body weight (Figure 5A)
shown no significant differences between the three groups of subjects at all time. The
mean values of the left arm percent volume change per body weight (Figure 5B)
shown no significant differences between the three groups of subjects at all time.
The mean values of the right arm volume per body weight (Figure 6A) shown no
significant differences between the three groups of subjects at all time. The mean
values of the right arm percent volume change per body weight (Figure 6B)
shown no significant differences between the three groups of subjects at all time.
The mean values of the left leg volume per body weight (Figure 7A) showed no
significant differences between the three groups of subjects at all time. The mean
values of the left leg percent volume change per body weight (Figure 7B)
showed no significant differences between the three groups of subjects at all time.
The mean values of the right leg volume per body weight (Figure 8A) showed
aerobic group had significantly higher at pre test compared to the control group
(p<0.05). The mean values of the right leg percent volume change per body
weight (Figure 8B) showed aerobic group showed significantly lower volume at

minute 10th  compared to the control group (p<0.05). Finally, Wingate test,
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immersion the left, right arms and left , right legs in water condition ; the mean
values of the left arm volume per body weight (Figure 9A) showed aerobic group
had significantly higher at immediately post test compared to the control group
(p<0.05). The mean values of the left arm percent volume change per body
weight (Figure 9B) showed no significant differences between the three groups of
subjects at all time. The mean values of the right arm volume per body weight
(Figure 10A) showed aerobic and anaerobic group had significantly higher at
minute 10™ compared to the control group (p<0.05) but at minute 17™ | aerobic
group had significantly higher compared to the control group (p<0.05). The mean
values of the right arm percent volume change per body weight (Figure 10B)
shown no significant differences between the three groups of subjects at all time. The
mean values of the left leg volume per body weight (Figure 11A) showed aerobic
group had significantly higher at pre test and immediately post-test compared to
the control group (p<0.05). The mean values of the left leg percent volume
change per body weight (Figure 11B) shown no significant differences between the
three groups of subjects at all time. the mean values of the right leg volume per
body weight (Figure 12A) showed aerobic group had significantly higher at pre
test, immediately post-test , minute 10", minute 17" compared to the control group
(p<0.05). The mean values of the right leg percent volume change per body
weight (Figure 12B) showed no significant differences between the three groups of

subjects at all time .
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Figure 1A Comparison of the left arm volume per body weight and the left arm pre
and post volume per body weight in inflated blood pressure cuff at the left upper arm
condition present by mean +* SEM, statistical comparison shown were One Way
ANOVA and repeated measure ANOVA. Pre=pre-test, ts = during stimulation test,
tl=immediately post-test, t2=post-test at minute 6", t3=post-test at minute 10"
t4=post-test at minute 17" ae=Aerobic groups, an=Anaerobic groups. Significant value

p<0.05, each interval=2minute
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Figure 1B Comparison of the left arm percent volume change per body weight and the
left arm pre and post percent volume change per body weight in inflated blood
pressure cuff at the left upper arm condition present by mean + SEM, statistical
comparison shown were One Way ANOVA and repeated measure ANOVA. Pre=pre-
test, ts = during stimulation test, tl=immediately post-test, t2=post-test at minute 6th,
t3=post-test at minute 10", t4=post-test at minute 17 ae=Aerobic groups,

an=Anaerobic groups. Significant value p<0.05, each interval=2minute
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Figure 2A Comparison of the left arm volume per body weight and the left arm pre
and post volume per body weight in inflated blood pressure cuff at the right upper arm
condition present by mean + SEM, statistical comparison shown were One Way
ANOVA and repeated measure ANOVA. Pre=pre-test, ts = during stimulation test,
tl=immediately post-test, t2=post-test at minute 6", t3=post-test at minute 10",
t4=post-test at minute 17" ae=Aerobic groups, an=Anaerobic groups. Significant value

p<0.05,each interval=2minute
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Figure 2B Comparison of the left arm percent volume change per body weight and the
left arm pre and post percent volume change per body weight in inflated blood
pressure cuff at the right upper arm condition present by mean + SEM, statistical
comparison shown were One Way ANOVA and repeated measure ANOVA. Pre=pre-
test, ts = during stimulation test, tl=immediately post-test, t2=post-test at minute 6th,
t3=post-test at minute 10", t4=post-test at minute 17" ae=Aerobic groups,

an=Anaerobic groups. Significant value p<0.05, each interval=2minute
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Figure 3A Comparison of the left arm volume per body weight and the left arm pre
and post volume per body weight in pull pulley by left hand with resistance 15%
maximal voluntary contraction (MVC) condition present by mean + SEM, statistical
comparison shown were One Way ANOVA and repeated measure ANOVA. Pre=pre-
test, ts = during stimulation test, tl=immediately post-test, t2=post-test at minute 6th,
t3=post-test at minute 10", t4=post-test at minute 17" ae=Aerobic groups,

an=Anaerobic groups. Significant value p<0.05, each interval=2minute
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Figure 3B Comparison of the left arm percent volume change per body weight and
the left arm pre and post percent volume change per body weight in pull pulley by left
hand with resistance 15% maximal voluntary contraction(MVC)condition present by
mean = SEM, statistical comparison shown were One Way ANOVA and repeated
measure ANOVA. Pre=pre-test, ts = during stimulation test, t1=immediately post-test,
t2=post-test at minute 6", t3=post-test at minute 10", t4=post-test at minute 17"
ae=Aerobic groups, an=Anaerobic groups. Significant value p<0.05,each

interval=2minute
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Figure 4A Comparison of the left arm volume per body weight and the left arm pre
and post volume per body weight in pull pulley by right hand with resistance 15%
maximal voluntary contraction(MVC)condition present by mean + SEM, statistical
comparison shown were One Way ANOVA and repeated measure ANOVA. Pre=pre-
test, ts= during stimulation test, t]=immediately post-test, t2=post-test at minute 6™ ,
t3=post-test at minute 10" , t4=post-test at minute 17" ae=Aerobic groups,

an=Anaerobic groups. Significant value p<0.05, each interval=2minute
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Figure 4B Comparison of the left arm percent volume change per body weight and
the left arm pre and post percent volume change per body weight in pull pulley by
right hand with resistance 15% maximal voluntary contraction(MVC)condition present
by mean + SEM, statistical comparison shown were One Way ANOVA and repeated
measure ANOVA. Pre=pre-test, ts = during stimulation test, t1 = immediately post-
test, t2 = post-test at minute 6th, t3 = post-test at minute IOth, t4 = post-test at minute
17" ae = Aerobic groups, an = Anaerobic groups. Significant value p < 0.05, each

interval=2minute
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Figure SA Comparison of the left arm volume per body weight and the left arm pre
and post volume per body weight in VO2 max test (Astrand- Rhyming test) condition
present by mean + SEM,statistical comparison shown were One Way ANOVA and
repeated measure ANOVA. Pre=pre-test, tl=immediately post-test, t2=post-test at
minute 6", t3=post-test at minute 10", t4=post-test at minute 17" ae=Aerobic groups,

an=Anaerobic groups. Significant value p<0.05, each interval=2minute
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Figure 5B Comparison of the left arm percent volume change per body weight and
the left arm pre and post percent volume change per body weight in VO2 max test
(Astrand- Rhyming test) condition present by mean + SEM, statistical comparison
shown were One Way ANOVA and repeated measure ANOVA. Pre=pre-test,
tl=immediately post-test, t2=post-test at minute 6%, t3=post-test at minute 10",

t4=post-test at minute 17™ ae=Aerobic groups, an=Anaerobic groups. Significant value

p<0.05, each interval=2minute
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Figure 6 A Comparison of the right arm volume per body weight and the right arm pre
and post volume per Body weight in VO2 max test (Astrand- Rhyming test) condition
present by mean + SEM, statistical comparison shown were One Way ANOVA and
repeated measure ANOVA. Pre=pre-test, tl=immediately post-test, t2=post-test at
minute 6, t3=post-test at minute 10", t4=post-test at minute 17" ae=Aerobic groups,

an=Anaerobic groups. Significant value p<0.05, each interval=2minute
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Figure 6B Comparison of the right arm percent volume change per body weight and
the right arm pre and post percent volume change per body weight in VO2 max test
(Astrand- Rhyming test) condition present by mean + SEM, statistical comparison
shown were One Way ANOVA and repeated measure ANOVA. Pre=pre-test,
tl=immediately post-test, t2=post-test at minute 6", t3=post-test at minute 10",
t4=post-test at minute 17" ae=Aerobic groups, an=Anaerobic groups. Significant value

p<0.05, each interval=2minute
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Figure 7A Comparison of the left leg volume per body weight and the left leg pre and
post volume per body weight in VO2 max test (Astrand- Rhyming test) condition
present by mean = SEM, statistical comparison shown were One Way ANOVA and
repeated measure ANOVA. Pre=pre-test, tl=immediately post-test, t2=post-test at
minute 6, t3=post-test at minute 10", t4=post-test at minute 17™ ae=Aerobic groups,

an=Anaerobic groups. Significant value p<0.05, each interval=2minute
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Figure 7B Comparison of the left leg percent volume change per body weight and
the left leg pre and post percent volume change per body weight in VO2 max test
(Astrand- Rhyming test) condition present by mean + SEM, statistical comparison
shown were One Way ANOVA and repeated measure ANOVA. Pre=pre-test,
tl=immediately post-test, t2=post-test at minute 6", t3=post-test at minute 10",

t4=post-test at minute 17" ae=Aerobic groups, an=Anaerobic groups. Significant value

p<0.05, each interval=2minute
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Figure 8A Comparison of the right leg volume per body weight and the right leg pre
and post volume per body weight in VO2 max test (Astrand- Rhyming test) condition
present by mean + SEM, statistical comparison shown were One Way ANOVA and
repeated measure ANOVA. Pre=pre-test, tl=immediately post-test, t2=post-test at
minute 6", t3=post-test at minute 10", t4=post-test at minute 17" ae=Aerobic groups,

an=Anaerobic groups. Significant value p<0.05, each interval=2minute
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Figure 8B Comparison of the right leg percent volume change per body weight and
the right leg pre and post percent volume change per body weight in VO2 max test
(Astrand- Rhyming test) condition present by mean + SEM, statistical comparison
shown were One Way ANOVA and repeated measure ANOVA. Pre=pre-test,
tl=immediately post-test, t2=post-test at minute 6", t3=post-test at minute 10",

t4=post-test at minute 17™ ae=Aerobic groups, an=Anaerobic groups. Significant value

p<0.05, each interval=2minute
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Figure 9A Comparison of the left arm volume per body weight and the left arm pre
and post volume per body weight in Wingate test condition present by mean + SEM,
statistical comparison shown were One Way ANOV A and repeated measure ANOVA.
Pre=pre-test, tl=immediately post-test, t2=post-test at minute 6", t3=post-test at
minute 10", t4=post-test at minute 17" ae=Aerobic groups, an=Anaerobic groups.

Significant value p<0.05, each interval=2minute
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Figure 9B Comparison of the left arm percent volume change per body weight and
the left arm pre and post percent volume change per body weight in Wingate test
condition present by mean * SEM, statistical comparison shown were One Way
ANOVA and repeated measure ANOVA. Pre=pre-test, tl=immediately post-test,
t2=post-test at minute 6", t3=post-test at minute 10", t4=post-test at minute 17"
ae=Aerobic groups, an=Anaerobic groups. Significant value p<0.05, each

interval=2minute
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Figure 10A Comparison of the right arm volume per body weight and the right arm
pre and post volume per body weight in Wingate test condition present by mean =+
SEM, statistical comparison shown were One Way ANOVA and repeated measure
ANOVA. Pre=pre-test, tl=immediately post-test, t2=post-test at minute 6", t3=post-
test at minute 10", t4=post-test at minute 17" ae=Aerobic groups, an=Anaerobic

groups. Significant value p<0.05, each interval=2minute
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Figure 10B Comparison of the right arm percent volume change per body weight
and the right arm pre and post percent volume change per body weight in Wingate test
condition present by mean + SEM, statistical comparison shown were One Way
ANOVA and repeated measure ANOVA. Pre=pre-test, tl=immediately post-test,
t2=post-test at minute 6", t3=post-test at minute 10", t4=post-test at minute 17"
ae=Aerobic groups, an=Anaerobic groups. Significant value p<0.05, each

interval=2minute



Ungsumalin Phumchai Result/ 48

~ 0.048
o0
20046 | ghc GAC 48« L y™C | —e—control
S 0.044 1 - M
L) = =0=- =aerobi
g 0.042
% 0.040 = /e==anaerobic
> 0.038
pre t1 t2 t3 t4
time

A Different from Control group b Different from t1 e Different from t4

B Different from Anaerobic group ¢ Different from t2

a Different from pre-test d Different from t3

Figure 11A Comparison of the left leg volume per body weight and the left leg pre
and post volume per body weight in Wingate test condition present by mean + SEM,
statistical comparison shown were One Way ANOVA and repeated measure ANOVA.
Pre=pre-test, tl=immediately post-test, t2=post-test at minute 6", t3=post-test at
minute 10", t4=post-test at minute 17" ae=Aerobic groups, an=Anaerobic groups.

Significant value p<0.05, each interval=2minute
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Figure 11B Comparison of the left leg percent volume change per body weight and
the left leg pre and post percent volume change per body weight in Wingate test
condition present by mean + SEM, statistical comparison shown were One Way
ANOVA and repeated measure ANOVA. Pre=pre-test, tl=immediately post-test,
t2=post-test at minute 6™, t3=post-test at minute 10", t4=post-test at minute 17"
ae=Aerobic groups, an=Anaerobic groups. Significant value p<0.05, each

interval=2minute



Fac. Of. Grad. Studies, Mahidol Univ. M.Sc. (Sports Science) / 49

—~ 0.048
o0 A A A A A
b 0.046 .- * b ] —— control
— 0.044
o (.042 = =B= =aerobic
E 0.040 ,
s 0.038 — /A= anaerobic
= 0.036 -
pre t1 t2 t3 t4
time

A Different from Control group b Different from t1 e Different from t4

B Different from Anaerobic group ¢ Different from t2

a Different from pre-test d Different from t3

Figure 12A Comparison of the right leg volume per body weight and the right leg pre
and post volume per body weight in Wingate test condition present by mean + SEM,
statistical comparison shown were One Way ANOV A and repeated measure ANOVA.
Pre=pre-test, tl=immediately post-test, t2=post-test at minute 6", t3=post-test at
minute 10", t4=post-test at minute 17™ ae=Aerobic groups, an=Anaerobic groups.

Significant value p<0.05, each interval=2minute
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Figure 12B Comparison of the right leg percent volume change per body weight and
the right leg pre and post percent volume change per body weight in Wingate test
condition present by mean * SEM, statistical comparison shown were One Way
ANOVA and repeated measure ANOVA. Pre=pre-test, tl=immediately post-test,
t2=post-test at minute 6", t3=post-test at minute 10", t4=post-test at minute 17"
ae=Aerobic groups, an=Anaerobic groups. Significant value p<0.05, each

interval=2minute
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The comparison of arms and legs volume pre and post test in repeated measure
ANOVA method in same condition, result showed that; First, inflated blood pressure
cuff at the left upper arm , immersion the left arm in water condition; values of the
left arm pre and post volume per body weight (Figure 1A) showed that the control
and aerobic groups had no significant differences between pre and post test of the
same subjects at all time, in anaerobic group had significantly higher at during test
compared to pre test, minute 6™ and minute 10" (p<0.05), at minute 17"
significantly higher compared to pre test (p<0.05). Whereas values of the left arm pre
and post percent volume change (Figure 1B) showed that the control and aerobic
groups had no significant differences between pre and post test of the same subjects at
all time , in anaerobic group found significantly higher at during test compared to
minute 6™ and minute 10™ (p<0.05).

Second condition, inflated blood pressure cuff at the right upper arm ,
immersion the left arm in water condition; values of the left arm pre and post
volume per body weight (Figure 2A) showed that the control group found
significantly higher at immediately post test compared to during test and minute
17" (p<0.05) , at minute 6" significantly higher compared at during test (p<0.05),
in aerobic and anaerobic groups no significant differences between pre and post test
of the same subjects at all time. Whereas values of the left arm pre and post percent
volume change (Figure 2B) shown control group found significantly higher at the
immediately post test compared to during test and minute 17" (p<0.05) , at minute
6" significantly higher compared to that at during test and minute 17" (p<0.05) ,
aerobic and anaerobic groups had no significant differences between pre and post
test of the same subjects at all time.

Third condition, pull pulley with the left hand with resistance 15 % maximum
voluntary contraction (MVC) , immersion the left arm in water condition ; values
of the left arm pre and post volume per body weight (Figure 3A) showed that the
control group had significantly higher at pre test, post test all time compared to
during test (p<0.05), in aerobic group found significantly higher at pre test, post
test all time compared to during test (p<0.05), at pre test significantly higher
compared to that at minute 17" (p<0.05) , at minute 6™ significantly higher

compared to that at minute 17" (p<0.05), in anaerobic group found significantly



Fac. Of. Grad. Studies, Mahidol Univ. M.Sc. (Sports Science) / 51

higher at pre test, post test all time compared to during test (p<0.05), at minute 6"
significantly higher compared to that at minute 17" (p<0.05). Whereas values of the
left arm pre and post percent volume change (Figure 3B) showed that the control
group had significantly higher at post test all time compared to during test
(p<0.05), in aerobic group found significantly higher at post test all time
compared to during test (p<0.05), at minute 6" significantly higher compared to that
at minute 17" (p<0.05), in anaerobic group found significantly higher at post test
all time compared to during test (p<0.05), at minute 6™ significantly higher
compared to that at minute 17" (p<0.05).

Fourth condition, pull pulley with the right hand with resistance 15 %
maximum voluntary contraction (MVC) , immersion the left arm in water
condition ; values of the left arm pre and post volume per body weight (Figure
4A) showed that the control group found at immediately post - test had significantly
higher compared to that at pre test, during test , minute 10" and minute 17"
(p<0.05), at minute 6" significantly higher compared to that at pre test, during test
and minute 17" (p<0.05), in aerobic group found at during test significantly higher
compared to that at pre test (p<0.05), in anaerobic group found no significant
differences between pre and post test of the same subjects at all time. Whereas values
of the left arm pre and post percent volume change (Figure 4B) showed that the
control group had significantly higher at immediately post - test compared to that at
during test , minute 10" and minute 17" (p<0.05), at minute 6™ significantly
higher compared to that at minute 10" and minute 17" (p<0.05), in aerobic and
anaerobic groups found no significant differences between pre and post test of the
same subjects at all time.

Fifth condition, Vo2 max test (Astrand — Rhyming test), immersion the left,
right arms and the left , right legs in water condition ; values of the left arm pre
and post volume per body weight (Figure 5A) showed that the control and
anaerobic groups showed no significant differences between pre and post test of the
same subjects at all time, in aerobic group showed significantly lower at the pre test
compared immediately with the post test and minute 10" (p<0.05). Whereas values

of the left arm pre and post percent volume change (Figure 5B) showed that the
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control group, aerobic group and anaerobic group no significant differences
between pre and post test of the same subjects at all time.

Values of the right arm pre and post volume per body weight (Figure 6A)
showed that the control, aerobic and anaerobic groups had no significant differences
between pre and post test of the same subjects at all time. Whereas values of the left
arm pre and post percent volume change (Figure 6B) showed that the control group
and anaerobic group had no significant differences between pre and post test of the
same subjects at all time, in aerobic group it was significantly higher at minute
17" compared to the immediately post — test (p<0.05).

Values of the left leg pre and post volume per body weight (Figure 7A) and
values of the left leg pre and post percent volume change (Figure 7B) showed that
the control, aerobic and anaerobic groups had no significant differences between pre
and post test of the same subjects at all time.

Values of the right leg pre and post volume per body weight (Figure 8A)
showed that the control group found significantly lower at the pre test compared
with the immediately post — test, minute 6™ and minute 10™ (p<0.05), in aerobic
group found significantly lower at minute 10" compared pre test and minute 6™
(p<0.05), in anaerobic group had no significant differences between pre and post test
of the same subjects at all time. Whereas values of the left arm pre and post percent
volume change (Figure 8B) showed that the control group, aerobic group and
anaerobic group had no significant differences between pre and post test of the same
subjects at all time.

Finally, Wingate test, immersion of the left, right arms and left, right legs in
water condition ; values of the left arm pre and post volume per body weight
(Figure 9A) showed that control group and anaerobic group had no significant
differences between pre and post test of the same subjects at all time , in aerobic
group found significantly lower at minute 10" compared to the pre test and
immediately post - test (p<0.05). Whereas values of the left arm pre and post percent
volume change (Figure 9B) showed that the control group found significantly higher
at minute 17" compared to the immediately post - test (p<0.05), in aerobic group

found significantly higher at minute 10™ compared to the pre test (p<0.05), in
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anaerobic group had no significant differences between pre and post test of the same
subjects at all time.

Values of the right arm pre and post volume per body weight (Figure 10A)
and values of the right arm pre and post percent volume change (Figure 10B)
showed that the control group found significantly higher at minute 17" compared to
the minute 10" (p<0.05), in aerobic groups had no significant differences between
pre and post test of the same subjects at all time, in anaerobic group found
significantly higher at minute 10" compared to minute 6™ (p<0.05).

Values of the left leg pre and post volume per body weight (Figure 11A)
showed that the control group found significantly higher at the minute 10"
compared to the immediately post — test compared to pre test (p<0.05), and minute
17" (p<0.05), in aerobic group found significantly lower at minute 6" compared to
the pre test, immediately post - test, minute 10" and minute 17" (p<0.05), in
anaerobic group found significantly higher at minute 17" compared to the pre
test(p<0.05). Whereas values of the left leg pre and post percent volume change
(Figure 11B) showed that the control group found significantly higher at minute
10" compared to immediately post - test and minute 17" (p<0.05), in aerobic group
found significantly lower at minute 6" compared to immediately post - test, minute
10™ and minute 17" (p<0.05), in anaerobic group had no significant differences
between pre and post test of the same subjects at all time.

Values of the right leg pre and post volume per body weight (Figure 12A)
showed that the control and anaerobic groups had no significant differences between
pre and post test of the same subjects at all time, in aerobic group found
significantly higher at minute 10" compared to the immediately post — test (p<0.05).
Whereas values of the right leg pre and post percent volume change (Figure 12B)
showed that the control and anaerobic groups had no significant differences between
pre and post test of the same subjects at all time, in aerobic group it was found that
there was significantly higher at the minute 10" compared to immediately post —
test and minute 6" (p<0.05), at minute 17" had significantly higher compared to the

immediately post — test (p<0.05)
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The comparison of the heart rate between groups in different conditions : Firstly,
inflated blood pressure cuff at the left upper arm , immersion the left arm in
water condition; values of the heart rate (Figure 13A) showed no significant
differences in all group of subject at all time. Secondly, inflated blood pressure
cuff at the right upper arm, immersion the left arm in water condition; values of
the heart rate (Figurel4A ) showed that the control and aerobic groups found
significantly lower compared to the anaerobic group at pre test (p<0.05), aerobic
and anaerobic groups had significantly higher at minute 10" compared to the
control group (p<0.05), anaerobic group had significantly higher at minute 17"
compared to the control group (p<0.05). Thirdly, pull pulley with the left hand with
resistance 15 % maximum voluntary contraction (MVC) , immersion the left arm
in water condition ; values of the heart rate (Figure 15A) showed that the aerobic
and anaerobic groups had significantly higher at immediately post — test
compared to the control group (p<0.05) anaerobic group had significantly higher
at minute 17" compared to the control group(p<0.05). Fourthly, pulling pulley
with the right hand with resistance 15 % maximum voluntary contraction (MVC),
immersion the left arm in water condition ; values of the heart rate (Figure 16A)
showed that the anaerobic group had significantly higher at minute 6" compared to
the aerobic group (p<0.05), control and anaerobic groups had significantly lower
at minute 10" compared to the aerobic group (p<0.05), the control group had
significantly higher at minute 17" compared to the aerobic group (p<0.05). Fifthly,
the Vo2 max test (Astrand — Rhyming test), immersion the left, right arms and left,
right legs in water condition ; the values of the heart rate (Figure 17A) showed that
the control and anaerobic groups had significantly higher heart rate at
immediately post — test compared to the aerobic group (p<0.05), the control group
had significantly higher heart rate at minute 6 compared to the aerobic group
(p<0.05), control and anaerobic groups had significantly higher heart rate at
minute 17" compared to the aerobic group (p<0.05). Finally, Wingate test,
immersion the left, right arms and left, right legs in water condition ; values of the
heart rate (Figure 18A) showed that the aerobic and anaerobic groups had

significantly higher heart rate at immediately post — test compared to the control
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group (p<0.05), control and aerobic groups had significantly lower heart rate at
minute 6™, minute 10" and minute 17" compared to the anaerobic group (p<0.05).
The comparison of the heart rate in pre and post test in repeated measure
ANOVA method in the same condition, the result shown that; Firstly , inflated blood
pressure cuff at the left upper arm , immersion the left arm in water condition;
values of the heart rate (Figure 13B) of control group was significantly lower at
minute 17" compared to the pre test, during test, immediately post-test, minute 6"
and minute 10" (p<0.05), at minute 10" significantly higher heart rate compared to
the immediately post-test and minute 6" (p<0.05), in aerobic group showed no
significantly in every time, in anaerobic group found to be significantly lower heart
rate at minute 6™ and minute 17" compared to pre-test, immediately post-test and
minute 10™ (p<0.05). Second condition, inflated blood pressure cuff at the right
upper arm , immersion the left arm in water condition; values of heart rate
(Figure14B) showed that the control group was significantly lower heart rate at pre
test compared to minute 6™ (p<0.05), at immediately post-test significantly higher
heart rate at pre test, minute 10" and minute 17" (p<0.05), at during test, minute 6
and minute 17" significantly higher heart rate at minute 10" (p<0.05), in aerobic group
found significantly higher at immediately post-test compared to pre test, minute 6",
minute 10" and minute 17" (p<0.05), in anaerobic group found significantly higher
heart rate at pre-test compared to minute 10" and minute 17" (p<0.05), at
immediately post-test significantly higher heart rate compared to minute 6™ minute
10" and minute 17" (p<0.05). Thirdly condition, pull pulley with the left hand with
resistance 15 % maximum voluntary contraction (MVC) , immersion the left arm
in water condition ; values of the heart rate (Figure 15B) showed that the control
group was significantly higher heart rate at pre -test , during test, minute 6" and
minute 17" compared to the immediately post-test(p<0.05)., at minute 17"
significantly higher compared minute 6" and minute 10™ (p<0.05), in aerobic group
found at minute 17" significantly lower heart rate compared to pre -test ,immediately
post-test, minute 6" and minute 10" (p<0.05), at pre -test significantly higher heart
rate compared to during test (p<0.05), in anaerobic group found significantly higher
heart rate at pre-test compared to minute 6™ , minute 10™ and minute 17" (p<0.05), at

immediately post-test significantly higher heart rate compared to minute 10" and
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minute 17" (p<0.05), at during test significantly higher heart rate compared to minute
6" , minute 10" and minute 17" (p<0.05). Fourthly, pull pulley with the right hand
with resistance 15 % maximum voluntary contraction (MVC) , immersion the left
arm in water condition ; values of the heart rate (Figure16B) showed that the control
group found significantly higher heart rate at during test compared to minute 6™ and
minute 10" (p<0.05)., at pre test, immediately post-test significantly higher heart rate
compared to the minute 10" (p<0.05), at minute 17" significantly higher heart rate
compared to pre-test, during test, immediately post-test, minute 6™ and minute 10"
(p<0.05), in aerobic group found significantly higher at pre- test, during test,
immediately post-test, minute 6™ and minute 10" compared to minute 17" (p<0.05),
at pre test significantly higher heart rate compared to immediately post-test and minute
6" (p<0.05), at minute 10" significantly higher heart rate compared to pre test,
immediately post-test and minute 6™ (p<0.05), at during test had significantly higher
heart rate compared to immediately post-test and minute 6™ (p<0.05), in anaerobic
group found significantly higher heart rate at pre-test, during test, immediately post-
test, minute 6™ compared to minute 10™ (p<0.05), at pre test significantly higher heart
rate compared to immediately post-test, minute 6™ and minute 17" (p<0.05), at during
test significantly higher heart rate compared to immediately post-test, minute 6™ and
minute 17" (p<0.05). Fifthly, Vo2 max test (Astrand — Rhyming test), immersion
the left, right arms and left, right legs in water condition ; values of the heart rate
(Figure17B) the control group found significantly lower heart rate at pre -test
compared to immediately post-test , minute 6™ , minute 10™ and minute 17" (p<0.05).,
at immediately post-test significantly higher heart rate compared to minute 6™ |
minute 10" and minute 17" (p<0.05), at minute 6™ significantly higher heart rate
compared to minute 10" and minute 17" , at minute 10" significantly higher heart rate
compared to minute 17" (p<0.05), in aerobic group found significantly higher heart
rate at immediately post-test compared to pre -test, minute 6" , minute 10™ and minute
17™ (p<0.05), at minute 6™ significantly higher heart rate compared to pre test, and
minute 17" (p<0.05), at minute 10" significantly higher heart rate compared to pre
test and minute 17" (p<0.05), in anaerobic group found significantly lower heart rate
at pre -test compared to immediately post-test , minute 6™ and minute 10™ and minute

17" (p<0.05), at immediately post-test significantly higher heart rate compared to
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minute 6", minute 10™ and minute 17" (p<0.05), at minute 6™ significantly higher
heart rate compared to minute 10" and minute 17" (p<0.05). Finally, Wingate test,
immersion the left, right arms and left, right legs in water condition ; values of the
heart rate (Figure18B) showed that the control group found significantly higher heart
rate at immediately post-test compared to pre-test , minute 6™ minute 10™ and minute
17" (p<0.05), at minute 6" significantly higher heart rate compared to pre test, minute
10™ and minute 17" (p<0.05), at minute 10" significantly higher heart rate compared
to minute 17" (p<0.05), at pre test significantly higher heart rate compared to minute
17" (p<0.05), in aerobic group found significantly higher at immediately post-test
compared to pre-test , minute 6™ minute 10™ and minute 17" (p<0.05), at minute 6™
significantly higher heart rate compared to pre test, minute 10" and minute 17"
(p<0.05), at minute 10" significantly higher heart rate compared to minute 17"
(p<0.05), anaerobic group found significantly lower heart rate at pre-test compared to
immediately post-test, minute 6™ minute 10" and minute 17" (p<0.05), at minute 6™
significantly higher heart rate compared to minute 10™ and minute 17" (p<0.05), at

minute 10" significantly higher heart rate compared to minute 17" (p<0.05).
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Figure 13A Comparison of heart rate and pre and post heart rate in inflated blood
pressure cuff at the left upper arm condition present by mean + SEM, statistical
comparison shown were One Way ANOVA and repeated measure ANOVA. pre=pre-
test, ts=during stimulation test, tl=immediately post-test, t2=post-test at minute 6,
t3=post-test at minute 12,ae=Aerobic groups, an=Anaerobic groups. Significant value

p<0.05, each interval=2minute
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Figure 13B Comparison of percent change of HR and percent change of HR pre-post
test in inflated blood pressure cuff at the left upper arm condition present by mean +
SEM, statistical comparison shown were One Way ANOVA and repeated measure
ANOVA. pre=pre-test, ts=during stimulation test, tI=immediately post-test, t2=post-
test at minute 6, t3=post-test at minute 12,ae=Aerobic groups, an=Anaerobic groups.

Significant value p<0.05, each interval=2minute



Fac. Of. Grad. Studies, Mahidol Univ. M.Sc. (Sports Science) / 59

85 4
80 4
el =———g— control
& .
L 75 4 = =@= =aerobic
% — A= anaerobic
70 4
65 :
pre ts tl t2 t3 t4
time
A Different from Control group b Different from t1 e Different from t4
B Different from Anaerobic group c Different from t2
a Different from pre-test d Different from t3

Figure 14A Comparison of heart rate and pre and post heart rate in inflated blood
pressure cuff at the right upper arm condition present by mean + SEM, statistical
comparison shown were One Way ANOVA and repeated measure ANOVA. pre=pre-
test, ts=during stimulation test, tl=immediately post-test, t2=post-test at minute 6,
t3=post-test at minute 12,ae=Aerobic groups, an=Anaerobic groups. Significant value

p<0.05, each interval=2minute
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Figure 14B Comparison of percent change of heart rate and percent change of heart
rate pre-post test in inflated blood pressure cuff at the right upper arm condition
present by mean *+ SEM, statistical comparison shown were One Way ANOVA
repeated measure ANOVA. pre=pre-test, ts=during stimulation test, t1=immediately
post-test, t2=post-test at minute 6, t3=post-test at minute 12,ae=Aerobic groups,

an=Anaerobic groups. Significant value p<0.05, each interval=2minute
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Figure 15A Comparison of heart rate and pre and post heart rate in pulling pulley with
the left hand with resistance 15% maximal voluntary contraction (MVC) condition
present by mean + SEM, statistical comparison shown were One Way ANOVA and
repeated measure ANOVA. pre=pre-test, ts=during stimulation test, tl=immediately
post-test, t2=post-test at minute 6, t3=post-test at minute 12,ae=Aerobic groups,

an=Anaerobic groups. Significant value p<0.05, each interval=2minute

10 ~
N c,d.e I
g 0 ~ T A —p—— cONtrol
o) = =m= =aerobic
S “. Ab|—a— bi
% - , anacrooic

. —
-10 A,b,c.d
-15 4
(0] ts-t0  t1-t0 t2-t0 t3-t0 t4-t0
time (% change)

A Different from Control group b Different from t1 e Different from t4

B Different from Anaerobic group ¢ Different from t2

a Different from pre-test d Different from t3

Figure 15B Comparison of percent change of heart rate and percent change of heart
rate pre-post test in pulling pulley with the left hand with resistance 15% maximal
voluntary contraction (MVC) condition present by mean + SEM, statistical
comparison shown were One Way ANOVA and repeated measure ANOVA. pre=pre-
test, ts=during stimulation test, tl=immediately post-test, t2=post-test at minute 6,
t3=post-test at minute 12,ae=Aerobic groups, an=Anaerobic groups. Significant value

p<0.05, each interval=2minute
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Figure 16A Comparison of heart rate and pre and post heart rate in pulling pulley with
the right hand with resistance 15% maximal voluntary contraction (MVC) condition
present by mean + SEM, statistical comparison shown were One Way ANOVA
repeated measure ANOVA. pre=pre-test, ts=during stimulation test, tl=immediately
post-test, t2=post-test at minute 6, t3=post-test at minute 12,ae=Aerobic groups,

an=Anaerobic groups. Significant value p<0.05, each interval=2minute
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Figure 16B Comparison of percent change of heart rate and percent change of heart
rate pre-post test in pulling pulley with the right hand with resistance 15% maximal
voluntary contraction (MVC) condition present by mean + SEM, statistical
comparison shown were One Way ANOVA and repeated measure ANOVA. pre=pre-
test, ts=during stimulation test, tl=immediately post-test, t2=post-test at minute 6,
t3=post-test at minute 12,ae=Aerobic groups, an=Anaerobic groups. Significant value

p<0.05, each interval=2minute
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Figure 17A Comparison of heart rate and pre and post heart rate in VO2 max test
(Astrand- Rhyming test) condition present by mean + SEM, statistical comparison
shown were One Way ANOVA and repeated measure ANOVA. pre=pre-test,
tl=immediately post-test, t2=post-test at minute 6, t3=post-test at minute
12,ae=Aerobic groups, an=Anaerobic groups. Significant value p<0.05, each

interval=2minute
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Figure 17B Comparison of percent change of heart rate and percent change of heart
rate pre-post test in VO2 max test (Astrand- Rhyming test) condition present by mean
+ SEM, statistical comparison shown were One Way ANOVA and repeated measure
ANOVA. pre=pre-test, t1=immediately post-test, t2=post-test at minute 6, t3=post-test
at minute 12,ae=Aerobic groups, an=Anaerobic groups. Significant value p<0.05, each

interval=2minute
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Figure 18A Comparison of heart rate and pre and post heart rate in Wingate test

condition present by mean * SEM, statistical comparison shown were One Way

ANOVA and repeated measure ANOVA. pre=pre-test, tl=immediately post-test,

t2=post-test at minute 6, t3=post-test at minute 12,ae=Aerobic groups, an=Anaerobic

groups. Significant value p<0.05, each interval=2minute
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Figure 18B Comparison of percent change of heart rate and percent change of heart

rate pre-post test in Wingate test condition present by mean + SEM, statistical

comparison shown were One Way ANOVA and repeated measure ANOVA. pre=pre-

test, tl=immediately post-test, t2=post-test at minute 6, t3=post-test at minute

12,ae=Aerobic groups, an=Anaerobic groups.
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The comparison percent change of heart rate between group in different
condition: Firstly, inflated blood pressure cuff at the left upper arm , immersion
left arm in water condition; values of the heart rate (Figure 13B) shown no
significantly differences all group of subject at all time. Secondly, inflated blood
pressure cuff at the right upper arm, immersion the left arm in water condition;
values of the heart rate (Figure 14B) showed that the control and aerobic groups
found significantly higher compared to anaerobic group at the immediately post-
test and minute 17" (p<0.05), control group had significantly higher at minute 6"
compared to anaerobic group (p<0.05), aerobic group had significantly higher at
minute 10" compared to the anaerobic group (p<0.05), anaerobic group had
significantly higher at during test compared to control group (p<0.05), Thirdly,
pulling pulley with the left hand with resistance 15 % maximum voluntary
contraction (MVC) , immersion the left arm in water condition ; values of the heart
rate (Figure 15B) showed that the aerobic and anaerobic groups had significantly
lower at minute 17" compared to control group (p<0.05). Fourth, pulling pulley with
the right hand with resistance 15 % maximum voluntary contraction (MVC) ,
immersion left arm in water condition ; values of the heart rate (Figure 16B)
showed that the aerobic group had significantly higher at minute 10" compared to
anaerobic group (p<0.05), in aerobic and anaerobic groups had significantly lower
at minute 17" compared to control group (p<0.05), aerobic group and control group
had significantly lower at during test compared to anaerobic group (p<0.05).
Fifthly, Vo2 max test (Astrand — Rhyming test), immersion the left, right arms and
left , right legs in water condition ; values of the heart rate (Figure 17B) showed
that the control and anaerobic groups had significantly higher at immediately
post — test compared to aerobic group (p<0.05). Finally, Wingate test, immersion
the left, right arms and left , right legs in water condition ; values of the heart rate
(Figure 18B) showed that the aerobic and anaerobic groups had significantly
higher at immediately post — test compared to control group (p<0.05), control and
aerobic groups had significantly lower at minute 6", minute 10" and minute 17"
compared to anaerobic group (p<0.05).

The comparison percent change of heart rate in pre and post test in repeated

measure ANOVA method in the same condition, the result showed that; First, inflated
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blood pressure cuff at left upper arm, immersion the left arm in water condition;
values of the heart rate (Figure 13B) of control group found significantly lower at
minute 17" compared to during test, immediately post-test, minute 6™ and minute 10"
(p<0.05), at minute 10" significantly higher compared to immediately post-test and
minute 6" (p<0.05), in aerobic group showed no significantly in every time, in
anaerobic group found significantly higher at during test, immediately post-test and
minute 10" compared to minute 6™ and minute 17" (p<0.05). Secondly condition,
inflated blood pressure cuff at the right upper arm , immersion the left arm in
water condition; values of heart rate (Figurel4B) showed that the control group
found significantly higher at during test, immediately post-test, minute 6™ and minute
17" compared to minute 10" (p<0.05), at minute 17" significantly lower compared
to immediately post-test (p<0.05), in aerobic group found significantly higher at
immediately post-test compared to during test, minute 6, minute 10" and minute 17"
(p<0.05), in anaerobic group found significantly higher at immediately post-test
compared to minute 5" ,minute 10" and minute 17" (p<0.05). Thirdly condition,
pulling pulley with the left hand with resistance 15 % maximum voluntary
contraction (MVC) , immersion left arm in water condition ; values of the heart
rate (Figure 15B) showed that the control group found at minute 17" significantly
higher compared to immediately post-test, minute 6" and minute 10" (p<0.05), at
during test significantly higher compared to immediately post-test (p<0.05), in
aerobic group found at minute 17" significantly lower compared to immediately
post-test, minute 6 and minute 10" (p<0.05), at immediately post-test, minute 16
significantly higher compared to during test(p<0.05), in anaerobic group found
significantly lower at minute 10", minute 17" compared to immediately post-test
(p<0.05), at during test significantly higher compared to minute 6 , minute 10" and
minute 17" (p<0.05). Fourth, pulling pulley with the right hand with resistance 15
% maximum voluntary contraction (MVC) , immersion the left arm in water
condition ; values of the heart rate (Figure16B) showed that the control group found
significantly higher at immediately post-test compared to minute 10" (p<0.05), at
minute 17" significantly higher compared to during test, immediately post-test ,
minute 6™ and minute 10" (p<0.05), at during test significantly higher compared to

minute 6" , minute 10" (p<0.05), in aerobic group found at immediately post-test,
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minute 6™ and minute 10" significantly higher compared to minute 17" (p<0.05), at
minute 10" significantly higher compared to immediately post-test and minute 6"
(p<0.05), at during test significantly higher compared to immediately post-test,
minute 10™ minute 17" (p<0.05), in anaerobic group found at minute 10" and minute
17" significantly lower compared to immediately post-test (p<0.05) at during test
significantly higher compared to minute 6™ , minute 10" minute 17" (p<0.05),
Fifthly, Vo2 max test (Astrand — Rhyming test), immersion the left, right arms and
left , right legs in water condition ; values of the heart rate (Figurel7B) found the
control group found at immediately post-test had significantly higher compared to
minute 6™ , minute 10™ and minute 17" (p<0.05), at minute 6™ significantly higher
compared to minute 10™ and minute 17" , at minute 10" significantly higher compared
to minute 17" (p<0.05), in aerobic group found at immediately post-test significantly
higher compared to minute 6™, minute 10" and minute 17" (p<0.05), at minute 6™
significantly higher compared to minute 10" and minute 17", at minute 10"
significantly higher compared to minute 17" (p<0.05), in anaerobic group found at
immediately post-test significantly higher compared to minute 6™, minute 10™ and
minute 17" (p<0.05), at minute 6" significantly higher compared to minute 10™ and
minute 17", Finally, Wingate test, immersion the left, right arms and left , right
legs in water condition ; values of the heart rate (Figure18B) found the control group
found at immediately post-test significantly higher compared to minute 6" , minute
10™ and minute 17" (p<0.05), at minute 6™ significantly higher compared to minute
10™ and minute 17", at minute 10" significantly higher compared to minute 17"
(p<0.05), in aerobic group found at immediately post-test significantly higher
compared to minute 6", minute 10" and minute 17" (p<0.05), at minute 6™
significantly higher compared to minute 10" and minute 17%, at minute 10®
significantly higher compared to minute 17" (p<0.05), in anaerobic group found at
immediately post-test significantly higher compared to minute 6" , minute 10™ and
minute 17" (p<0.05), at minute 6™ significantly higher compared to minute 10™ and

minute 17" ,at minute 10" significantly higher compared to minute 17" (p<0.05).
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CHAPTER 5
DISCUSSION

In this study, the basic physical characteristics of the subjects used, including age,
body weight, systolic blood pressure, diastolic blood pressure and body mass index of
aerobic group, anaerobic group and the control were similar. Compared to the control,
the aerobic group and anaerobic group showed greater of some fitness parameters such
as indicated by higher values of maximum oxygen consumption and anaerobic power.
There are at least two mechanisms that could explain the performance gain in the
aerobic and anaerobic groups. The training could result in the modification of a motor
pattern in the central nervous system and biomechanical and physiological change in
the muscular tissue. Since aerobic and anaerobic groups are sports event which places
a demand on the entire neuromuscular system, the individual differences in speed of
reaction and movement are dependent on past neuromuscular uses. In support of this
notion, Bhanot and coworkers (1980) (5) compared the reaction times in various
groups of athletes and found that the visual and auditory reaction times were shorter in
weightlifters than that in gymnast, volleyball and hockey players. A second possibility
is that the resistance training could stimulate hypertrophy of skeletal muscle which can
shorter the contraction time. It also has been shown that, long term resistance training
(>12 wk) increase serum testosterone level which may increase muscle protein
synthesis. This, in turn, results in increased in muscle mass and force generation
(Vogel, 1985; Hakkinen, 1988) (35,101).0f further interest was the finding that,
anaerobic athletes had been shown to have greater fast twitch fiber area than most
other athletes as well as sedentary control (Kanehisa, 1999)(51), and resistance
training has been shown to induce a greater hypertrophy in type IIA/B fiber than in
type I fiber (Staron, 1994; Kraemer, 1995) (61,93). All of these factors may explain
why the aerobic and anaerobic groups exhibited greater general fitness than the

sedentary subjects. The routine programming for several minutes of daily running of
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this group of short runners may also a cause of high aerobic capacity of this group of
subjects.

Acute volume of extremities are previously recognized as indirect indicator of
alteration of vasomotor by many investigators (6,11,13,36,56). Alterations of volume
of extremities can be resulted from different stimulations such as exercise training and
thermal exposure. Exercise or training was shown to prevent edema in human (Stick et
al., 1992)(8) and cause an elevated vasodilator system (Kellogg et al, 1991)(15). In the
present study, we have demonstrated that aerobic athletes also had greater lower
extremities initial and stimulated volume and vasodilatation than control subjects in
Wingate test condition. At the resting aerobic athletes had lower extremities volume
greater than control group in Wingate test condition and in right leg in VO, max
test condition this may imply that the adaptation of vascular system in the leg in
relation to nature and number of use of the muscle on long duration in competition and
training lead to higher blood supply to muscle(76). In addition to greater muscle mass,
Febbraio and co-worker in 1996 examined the effects of elevated muscle temperature
on muscle metabolism during exercise and found that an elevated muscle temperature
per se increases muscle glycogenolysis, glycolysis, and high energy phosphate
degradation during exercise, these alterations may be the result of an increased rate of
ATP turnover associated with the exercise and/or changes in the anaerobic/aerobic
contribution to ATP re-synthesis (26). The other studies, Buma et al 1976 showed that
long distance runner can tolerate prolong the time period of running until a dangerous
body temperature (23). McMurray et al 1979 found that runners were able to attain
higher sweat rates and tolerated longer than swimmer in 35°C water (75). Green H.J.
et al 1984 found that high exercise intensity can enhance exercise-induced
hypervolemia in muscle and that rapid elevation in plasma volume can be induced in
training (32). Connelly et al 1990 found that the central shift in blood volume with
water immersion reduces the sympathoadrenal response to high intensity dynamic
exercise (97). Kellogg et al 1998 found that nitric oxide has a role causing of
cutaneous vasodilatation during heat stress (53). In addition, Johnson et al 1982 found
that exercise can induce cutaneous vasoconstrictor (44).

In percent volume changes, in the first condition, inflated blood pressure cuff at

the left upper arm condition, Between group, the values of the left arm volume shown



Fac. Of Grad. Studies, Mahidol Univ. M.Sc. (Sports Science) / 69

no significant difference between the three groups of subjects at all time. When
correlated with the heart rate at the same time, it can be seen that there was also no
difference all groups of subjects. Within the same group, the volume values of the left
arm in the control group found no significant difference in all period. When related
with the heart rate at the same time, it can be seen that in minute 17" it had greater
decrease in the heart rate than during test, immediately post-test, minute 6™, 10™ and
17", minute 10™ had greater increase in the heart rate than immediately post-test, and
minute 6. In aerobic group, the volume values of the left arm found no significant
difference in all period. When compared with the heart rate at the same time, it can be
seen that there was no significant difference in all period. In the anaerobic group, the
volume values of the left arm found at during test had greater vasodilatation than at the
minute 6 and minute 10™. When related with the heart rate at the same time, it can be
seen that during test, immediately post-test, and minute 10" it had greater increase
than minute 6™ and minute 17"

Therefore, there should be no significant change in the sympathetic activity and
values of the left arm volume of the three groups of subjects. This may explain that
inflated blood pressure cuff at the left upper arm condition may not have much effect
on sympathetic activity and in within the same group, the differences in the three
groups of subjects, can be used to explain alteration in the vasodilatation of the three
groups. This may imply that the degree of vasodilatation of the left arm may be
controlled by factors other than neural factors such as hormonal factors or other local
substances such as nitric oxide (85, 31, 52, 54, 63, 97).

Second condition, inflated blood pressure cuff at the left upper arm condition, In
between group, the values of the left arm volume of aerobic and anaerobic groups had
greater vasodilatation at minute 17" than that of the control group. When related with
the heart rate at the same time, it can be seen that the anaerobic group had greater
increase in the heart rate than the control group at during test, anaerobic group had
greater increase in the heart rare than the control and aerobic groups at pre test period,
aerobic and anaerobic groups had greater increase in the heart rate than the control
group at minute 10", anaerobic group had greater increase in the heart rare than the
control group at minute 17", Within the same group, the volume values of the left arm

in the control group showed that at the immediately post-test and minute 6™ had
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greater vasodilatation than during test and minute 17", When related with heart rate at
the same time, it can be seen that at minute 10™ had greater decrease heart rate than
during test, immediately post-test, minute 6™ and 17", at immediately post-test had
increase greater than minute 17" In aerobic and anaerobic groups the volume values
of left arm found no significant difference all period. When compared with the heart
rate at the same time, it can be seen that at immediately post-test had greater increase
in the heart rate than during test, minute 6™, 10" and 17"

Therefore, it seem to have increase in sympathetic activity of anaerobic trained
subject at minute 17™ but the values of the left arm volume at the same time in
anaerobic trained subject had greater vasodilatation than that of the control group. This
may imply that the degree of vasodilatation of arm in anaerobic trained may be
controlled by other factors other than neural factors such as hormonal factors or their
local tissue substances such as nitric oxide (85, 31, 52, 54, 63, 97)

Third condition is pulling pulley with the left hand with 15% MVC condition. In
between group, the values of the left arm volume found no significant difference
between the three groups of subjects. When compared with the heart rate at the same
time, it can be seen that aerobic and anaerobic groups had greater increase in the heart
rate than control group at immediately post-test period, the control group had greater
increase in the heart rate than the control group at minute 17", Within the same group,
the volume values of the left arm in the control group showed that at the during test
had greater vasoconstriction than immediately post-test, minute 6, 10™ and 17™. This
apparent decrease in the left arm volume may be caused by deformation of skin
contracting the handle of the weight pulling of the left hand. When related with the
heart rate at the same time, it can be seen that during test had greater increase heart
rate than immediately post-test, minute 17" had greater increase in the heart rate than
immediately post-test, minute 6™ and minute 10™. In aerobic group, the volume values
of the left arm was similarly control group. When related with the heart rate at the
same time, it can be seen that during test it had greater increase in the heart rate than
immediately post-test, minute 6" , minute 17" had greater increase heart rate than
immediately post-test, minute 6" and minute 10™ . In anaerobic group, the volume
values of the left arm was similar control group. When related with heart rate at

the same time, it can be seen that during test had greater increase heart rate than
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immediately post-test, minute 6", minute 10™ and minute 17", immediately post-test
had greater increase heart rate than minute 10™ and minute 17"

Therefore, the increase in sympathetic activity of the aerobic and anaerobic
trained subjects but there was no significant change in the values of the Ileft
arm volume at the same time. This may explain that pulling pulley with the left
hand with 15% MVC condition may be too weak to stimulate sympathetic activity
and in within the same group found values of the left arm volume at during test
had greater vasoconstriction than another period of the three groups of subject but
the heart rate was not significantly altered in the three groups of subjects, can not
be used to explain alteration vasodilatation of three group. This may imply that
the degree of vasodilatation of the left arm may be controlled by factors other
than neural factors such as hormonal factors or other substances such as
nitric oxide. (85,31,52,54,63,97)

Fourth condition, pulling pulley with the right hand with 15% MVC condition.
In between group, the values of the left arm volume found no significant
difference between the three groups of subjects. When related with heart rate at
the same time, it can be seen that at during test, anaerobic group had greater
increase in the heart rate than aerobic and control groups, anaerobic group had
greater increase in the heart rate than aerobic group at minute 6™ , aerobic group had
greater increase in the heart rate at minute 10™ than anaerobic and control group and
control group had greater increase in the heart rate at minute 17" than aerobic group.
Within the same group, the volume values of the left arm in control group
showed that at immediately post-test had greater vasodilatation than during test,
minute 10" and 17" , minute 6™ had greater vasodilatation than during test and
minute 17" . When related with the heart rate at the same time, it can be seen that
during test it had greater increase in the heart rate than minute 6™ , minute 10" . In
aerobic and anaerobic groups the volume values of the left arm had no significant
difference in all period. When related with the heart rate at the same time, it can
be seen that during test had greater increase in the heart rate than immediately post-
test, minute 6™ and minute 17" .

Therefore, even there was an increase in sympathetic activity of anaerobic

trained subjects at during test period but there was no significant change in the
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values of the left arm at the same time. This could be explained that the pulling
pulley with the right hand with resistance 15% MVC is indirection stimulation, it
also has delay time for responses of the left arm in the three groups of subjects.

Fifth condition, VO,max test. In between group, the values of upper
extremities and the right leg volume found no significant difference between the
three groups of subjects but the volume values of the left leg of aerobic group at
pre test had volume greater vasodilatation than control group may imply the
adaptation of vascular system in the leg in relation to nature and number of use
of the muscle on long duration in competition and training lead to increase
blood supply to the muscle (76). When related with heart rate at the same time,
it can seen that control and anaerobic groups had greater increase in the heart rate
than aerobic group at immediately post-test and minute 17" , anaerobic group had
greater decrease heart rate than the control group at minute 6™ Within the same
group, the volume values of the upper and lower extremities in control and
anaerobic groups found no significant difference in every period. When compared
with the heart rate at the same time, it can be seen that at immediately post-test
had greater increase in the heart rate than minute 6" ,10™ and 17", minute 10"
had greater increase in the heart rate than minute 17" . In aerobic group, the
volume values of the lower extremities and the left arm had no significant
difference in every period but in the right arm the volume at minute 17" had
greater vasodilatation than immediately period. When related with the heart rate
at the same time, similarity between the control and anaerobic groups can be
seen.

Therefore, the increase in sympathetic activity of the control and anaerobic
groups but no significant change in values of the extremities volume of the three
groups of the subjects but in within the same group found that the three groups
had similar result that the volume of extremities did not change but there were
an increased in sympathetic activity which was highest at immediately post test
period and lowest at minute 17"™. This may imply that the VO,max test condition
may be not high enough to stimulate sympathetic activity, it delayed the time for

response of the extremities in the three groups of the subjects.
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Six condition, is the Wingate test. In between group, the values of the left
arm volume in aerobic group had greater vasodilatation at immediately post-test
than control group. The volume values of the right arm, of the aerobic group had
greater vasodilatation than the control group at the minute 10™ and minute 17",
Anaerobic group had greater vasodilatation than control group at minute 10"
The volume values of the left leg, aerobic group had greater vasodilatation than
the control group at pre test, immediately post-test and minute 17". The volume
values of the right leg , aerobic group had greater vasodilatation than the control
group at pre test, immediately post-test, minute 10" and minute 17" . When related
with heart rate at the same time, it can be seen that no difference all groups
of subjects, aerobic and anaerobic groups had greater increase in the heart rate than
control group at immediately post-test, anaerobic group had greater increase heart rate
than aerobic and control groups at minute 6™ ,minute 10" and minute 17" .Within the
same group, control group had the volume values of right arm in minute 17" had
greater vasodilatation than minute 10" . The volume values of left leg at minute
10™ had greater vasodilatation than immediately post-test and minute 17" . The
volume values of the right leg no significant difference all period. When
compared with heart rate at the same time, it can be seen that at immediately
post-test had greater increase heart rate than minute 6™ ,10" and 17", minute
10" had greater increase in the heart rate than minute 17™ . In aerobic group the
volume values of left arm in minute 10" had greater vasodilatation than pre
test. The volume values of left leg at minute 6™ had greater vasoconstriction
than immediately post-test, minute 10" and minute 17" . The volume values of
right leg at minute 10" had vasodilatation than immediately post-test and minute
6" , minute 17" had vasodilatation than immediately post-test . The volume values
of left leg at minute 6™ had greater vasoconstriction than immediately post-test,
minute 10" and minute 17" . When compared with heart rate at the same time, it
can be seen that similarly in control group. In anaerobic group the volume values
of right arm in minute 10" had greater vasodilatation than minute 6" . The
volume values of left arm and lower extremities no significant difference all
period. When compared with heart rate at the same time, it can be seen that

similarly in control group.
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Therefore, the alteration in the sympathetic activity of both groups of subjects
may be used to explain the alteration of vasodilatation compared to sedentary subject.
This may imply that the degree of vasodilatation of the extremities may be
controlled by other unclear factors other than norepinephrine such as a-receptor
agonists on the smooth muscle of vascular systems or other substances such as
nitric oxide. (12, 15, 85, 44, 52, 54, 59, 60, 104)

The above findings may imply that the anaerobically trained (short distance
runner) have no significantly differences of vasoconstriction and vasodilatation in
arms and legs between compared to the aerobically trained (long distance runner)
.This may be due to training in 8 weeks do not make the differences in the relative
intensity and energy systems used in the past training of the muscle in the two groups
of athletes compared to each other. Many studies report neither low-intensity
endurance training nor high intensity sprint training appears to have a significant
impact on muscle blood flow when the individual is not engaged in exercise or
is not anticipating an ensuing bout of exercise (3, 34). Delp et al (1998) reported that
training does not affect muscle blood flow at rest. Most studies with humans
indicate that muscle or limb blood flow during exercise at a given submaximal
intensity is unchanged (34, 57, 92) by endurance training. One study performed
with rats indicates that high-intensity sprint training has no significant effect on
muscle perfusion during high intensity, submaximal running (62).The difference in
degree of vasodilatation in the leg of aerobically trained subjects compared to
sedentary subjects could be explained by the adaptation of vascular system in the leg
in relation to nature and number of use of the muscle on long duration in competition
and training lead to much blood supply to muscle (76). Two training studies (4, 62)
indicate that adaptations in both muscle and nonmuscular tissue perfusion in
response to endurance and high-intensity training may be very different during
submaximal exercise. In human studies, elevation in blood flow to the trained
muscle were observed during heavy exercise(1, 58, 91). Delp et al (1998) reported
exercise training may result in elevations in blood flow to specific muscle or
muscle parts during anticipation of an dependent bout of exercise, and the
specificity is dependent on whether the muscle or muscle part was regularly

recruited during the preceding training sessions (16).
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The primary vasodilatation mechanism can be caused by metabolic change in
nature such as adenosine release from active muscle and endothelium dependent
vasodilatation would be secondary to the primary dilatory event and ensuring increase
in blood flow. Exercise is associated with increases in plasma catecholamine levels
that are intensity related (38). Thus, increased plasma and varicosity level and release
of catecholamine would be predicted to induce endothelium derived nitric oxide
release. Role of endothelium derived nitric oxide in dilation of skeleton muscle
vasculature was extensively demonstrated (69). Other endothelium derived relaxing
factors such as vasoactive prostaglandins also seem to be involved in endothelium
dependent flow induced dilation of skeletal muscle arterioles (59, 60). Dull and co-
worker and Mo and co-worker have suggested that increased flow rate mediates its
dilatory effects imply via increase delivery of vasoactive substances to the
endothelium (19, 79). Mcallister et al (1995) suggested that experimental results
thus far are mixed concerning what role, if any, EDNO plays in mediating the
blood flow response to exercise in skeletal muscle. Jungersten and coworkers
(1997) found two hours of physical exercise elevated plasma nitrate compared
with resting nitrate before exercise. Physical fitness and  formation of NO at rest
are positively linked to each other. Furthermore, a single session of exercise elicits an
acute elevation of NO formation. The observed positive relationships between
physical exercise and NO formation may help to explain the beneficial effects of
physical exercise on cardiovascular health. Tankersley and co-worker in 1992 studied
hypohydration affects forearm vascular conductance were independent of heart rate
during exercise. They found that during exercise an attenuated cutaneous
vasodilatation is elicited by alterations in regionalized sympathetic outflow, which is
unaccompanied by activation of cardiac pacemaker cells (96). These findings may
involve increased viscosity may have significance effects during whole body-type
exercise. There many studies indicate that reflexes that aid in maintenance of central
circulating blood volume were predominate over reflexes that participate in body
temperature regulation when both demands are placed on the body. Both blood
pressure regulatory and temperature regulatory system share the same effectors
(cutaneous vaso&veno motor). During exercise, load are placed on both systems;

blood pools in cutaneous veins, cardiac filling pressure decreased, blood pressure
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decreased, stimulate cutaneous vasoconstrictor drive which superimpose on
vasodilator drive on skin vessels. Further decrease in central blood volume and blood
osmolarity will also partially inhibit thermoregulatory drive. During the first two or
three weeks of training, the reduction in heart rate parallels the decreases in plasma
norepinephrine and epinephrine (76).

The different of heart rate of aerobic, anaerobic and sedentary subjects may imply
the difference in sympathetic responses of aerobic, anaerobic and sedentary subjects
which parallel to degree of vasoconstriction and vasodilatation of each groups of
subjects or occurred from stress stimulation in immediately period. Therefore, the
differences of vasoconstriction of arm and leg of aerobic, anaerobic and sedentary
subjects may be partly due to difference in degree of sympathetic responses of arm and
leg which had differences in the use and the nature of aerobic and anaerobic training
which modify molecular adaptation in the vessels mediated through autonomic
nervous system (104). Christman and co-worker 1985 suggested that exercise in the
heat increase norepinephrine induced peripheral heat-dissipating capacity and
increases catecholamine storage in the preoptic area (12). Bhanot and coworkers
(1980) found that the visual and auditory reaction times were shorter in weightlifters
than that in gymnast, volleyball and hockey players. This may show that anaerobically
trained athletes may have more neuron adaptation in speed than aerobically trained
subjects (5). Potts and coworkers (1995) found the slope relating heart rate gain to
central venous pressure at rest was significant and increase 114% during exercise,
they concluded that a tonic inhibitory interaction between cardiopulmonary
baroreceptors and carotid baroreflex control of heart rate during exercise. The
aerobic training could induced cardiovascular changes which may include that affect
mainly the oxygen transport system. In resting, there are six main changes resulting
from training: an increase heart size, a decreased heart rate, an increased stroke
volume, no change in resting lung functional parameters, increase blood volume and
hemoglobin, and an increased capillary density. In a decreased heart rate that the heart
is regulated by two components of the autonomic nervous system: the sympathetic
nerve which when stimulated, increase heart rate; and parasympathetic nerve (vagus)
which lead to a decrease in the rate when stimulated. With this type of dual neural

input, the heart rate can be decreased by increased parasympathetic tone or decreased
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sympathetic tone, or a combination of these; however, since it is the parasympathetic
nervous system that predominantly regulates heart rate at rest. In an increased
capillary density refers to the number of capillaries that surround a skeletal muscle
fibers. Long-term endurance training almost always lead to an increased capillary
density. This effect indicates that the muscle fibers of highly trained endurance
athletes are larger than untrained subjects. Skeletal muscle capillary density related to
two factors; the size or diameter of the muscle fiber, and the fiber type or number of
mitochondria per muscle fiber (76).

Usefulness of results of experiment can be used for explaining to general resident
about effects of exercise that aerobic exercise induce vasodilatation of vessels and
adaptation of vascular system lead to decrease blood pressure and decrease risk factor
of heart diseases. An anaerobic exercise induce vasoconstriction of vessels and
adaptation of neuromuscular system lead to increase performance of movement in
some patient in neuromuscular diseases. In all athletes, basic aerobic training can

improve performance and normalize of cardiovascular system.
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CHAPTER 6
CONCLUSION

1. In inflated blood pressure cuff at the left upper arm condition, there seem to be
no significant change in the sympathetic activity and values of the left arm volume
observed in the three groups of subject.

2. In inflated blood pressure cuff at the left upper arm condition, it seem to have
increase in sympathetic activity of anaerobic trained but the values of the left arm
volume at the same time had greater vasodilatation than control group.

3. In pulling the pulley with the left hand with 15% MVC condition, there was
increase in sympathetic activity of aerobic and anaerobic trained subjects but there was
no significant change in the values of the left arm volume at the same time.

4. In pulling the pulley with the right hand with 15% MVC condition, there was
increase in sympathetic activity of anaerobic trained subjects at during test period but
there was no significant change in the values of the left arm volume at the same time.

5. In VOpmax test condition, there was increase in sympathetic activity of
control and anaerobic trained subjects but there was no significant change in the
values of the upper and lower extremities volume of the three groups of the subjects.

6. In Wingate test condition, aerobically trained subjects will have greater degree
of vasodilatation in the left and right legs than sedentary subjects at immediately
period, at minute 6™ and 17"

7. Greater degree of vasodilatation in the left leg and right leg of aerobically
trained could be explained by the adaptation of vascular system, vasodilatation
mechanism would be metabolic in nature such as adenosine release from active muscle
and endothelium dependent vasodilatation.

8. The different of heart rate of aerobic, anaerobic and sedentary subjects imply
the difference in sympathetic responses which may parallel to the degree of

vasodilatation in leg of aerobic trained subjects.
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Figure 20 Digital weight machine (AD-6201, Japan).

Figure 21 Skinfold Caliper (F-L.SC, England)
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Figure 22 Hand Grip and Back-Leg Dynamometer (Takei & Company, Japan).

Figure 23 Wingate test machine set
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Figure 24 Polar (F-PLC, Finland)

Figure 25 Sit and reach box (Sports Science Program, Rajabhat Loei University)
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Figure 26 Volumeter (Biomedical Equipment technology, Mahidol University) side
view
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Figure 27 Volumeter (Biomedical Equipment technology, Mahidol University) front
view
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Figure 19A Technical data of flow rate / 20 sec., period = 120 sec., normal collection,
H,0 1000 =992 g.
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Figure 19B Technical data of flow rate / 20 sec., period at 40 to120 sec., normal
collection, H,O 1000 =992 g.
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