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CHAPTER I 
 

INTRODUCTION 
 

The nature of a normal cycle of human life begins with birth; a short period of 
fertility and reproduction, then comes aging, illness and ends finally in death. In woman, 
nature gives an important biomarker to mark the beginning and the end of the 
reproductive period which is known as the menstruation. The ending of reproductive life 
or menopause is defined by World Health Organization (WHO), 1981, “as the transition 
period in a woman's life when the ovaries stop producing eggs” (World Health Organ 
Tech Rep Ser 1981). Menopause also marks the beginning of aging process in woman. 
There are physiologic changes resulting from the depletion of hormone especially 
estrogen, called the menopausal syndrome. Where, some woman experience mild 
flushing symptoms to others with fairly severe emotional or physical abnormality. The 
pathophysiological or disease following menopause may include:  osteoporosis, 
autonomic nervous system diseases, hypertension, cardiovascular diseases with 
abnormal system lipid metabolism (กองอนามัยครอบครัว 2539). In most cases, after the 
onset of menopause, women have increased levels of total cholesterol, triglycerides, low-
density lipoprotein cholesterol (LDL-C), as well as decreased levels of high-density 
lipoprotein cholesterol (HDL-C) (Bush et al. 1987). Such plasma lipid profiles have been 
demonstrated to be associated with an increased risk of coronary artery disease, 
whereas high levels of high density lipoprotein cholesterol have been thought to protect 
against atherosclerosis and coronary artery disease. In addition to the presence of 
atherosclerotic lesions, cardiovascular disease is characterized by important 
abnormalities in vascular function. In particular, endothelial control of vascular tone, 
thrombosis, and platelet activity is impaired in patients with coronary artery disease 
(Hambrecht et al. 2000). 

At present, it is accepted that the guidelines for the prevention of diseases 
following menopause are exercise and hormone replacement therapy (HRT). Physicians 
generally accept the idea that exercises promote vascular health, a concept that enjoys 
considerable support from epidemiological evidence (Vita and Keaney 2000). There is 
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an inverse relation between the level of physical activity and the incidence of 
cardiovascular diseases, and this relation persists after control for other risk factors for 
cardiovascular diseases (Oldridge et al. 1988). Exercise training also improves 
myocardial perfusion, coronary blood flow, resulting in increased shear stress on the 
surface of the endothelium (Schuler 1992). Endothelial cells respond to short-term 
increases in shear stress by producing vasodilator compounds such as prostacyclin and 
nitric oxide. Sustained increases in shear stress elicit an adaptive response in endothelial 
cells that is manifested, in part, by increased expression of the enzyme that catalyzes 
nitric oxide production (Vita and Keaney 2000). Since, there is evidence indicated that 
the endothelial function in animals that perform regular exercise is improved as a result 
of increased endothelial nitric oxide production and is better than that in animals that do 
not exercise (Sessa et al. 1994). Such adaptive responses of the endothelium also apply 
to the coronary circulation in humans (Hambrecht et al. 2000). Other conditions 
associated with menopause and aging are neurodegenerative diseases such as 
Alzheimer's disease, cancer, stroke, and a decline in the immunoresponse to pathogens,  

which have been shown to be directly related to the amount or incidence of nitric oxide 
available for biomolecular modification.  Therefore, alterations in nitric oxide production 
could have a profound effect on both normal aging and disease conditions. 
 Nitric oxide (NO) has received much attention recently as one potential mediator 
of vascular tone, an endothelium-derived relaxing factor.  A number of studies in both 
animals and humans have recognized that endothelially derived NO play as a role in 
blood flow regulation during acute, dynamic exercise (Dyke et al. 1995). In particular, it 
has been postulated that vasodilatation in active muscle promotes a pressure gradient 
and thus increased blood flow that stimulates NO production from upstream arteries 
(Green et al. 1996). NO mediated dilation of “feed” arteries can therefore permit 
increased microvascular flow without reduction in muscle perfusion pressure. With 
regular exercise it appears that there are adaptations in this system that may be partly 
responsible for the reduction in cardiovascular risk associated with the trained state 
(Delp et al. 1993). However, there are several studies on the effect of short term and 
acute exercise on the serum level of nitrites/nitrates which are the stable end product of 
nitric oxide (NO). In animal study, Johnson 2001 found that, short term exercise training 
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(7 days) enhances Ach-stimulated vasorelaxation in pulmonary arterial tissue of miniature 
porcine. Which adaptation is associated with increased expression of endothelial cell 
nitric oxide synthase (eNOS).  

Acute vigorous exercise has been carried out in twenty-three healthy non-
smoking males using single event treadmill exercise until exhausted (from pre-exercise 
to 5 min post-exercise). Using direct measure of NO by a NO-selective microelectrode, 
Kasuya et al. 2002 has shown that, acute vigorous exercise primes augmentation of NO 
release from the platelets of the about subjects. Although these two studies indicate that 
short term exercise play role on the augmentation of NO both in human tissue and in 
animal model. Most of the studies reviewed by Bolli 2001, demonstrate that long term 
exercise give better beneficial cardioprotective effect due to the increment of inducible 
nitric oxide synthase and increase circulatory NO level. 
 With the above mentioned controversies, this study is designed to examine 
whether short term exercise can affect the level of serum nitric oxide. The study will 
concentrate on the serum nitrite/nitrate (the stable end product of nitric oxide) change as 
well as changes on lipid profiles and general physical fitness in postmenopausal women 
after a short term exercise training. 
 
Operational Definition 
 

1. Aerobic exercise is defined as the physical activity using energy mainly from 
aerobic metabolism.  

2. Moderate exercise is defined as the physical activity performed at intensity 50 – 
65% VO2peak, 30 minutes/day. 

3. Short term exercise is defined as 10 consecutive days of exercise training.  
 
 



CHAPTER II 
 

LITERATURE REVIEW 
 

Menopause, a natural phenomenon signified the end of reproductive period of 
women, occurs at an average age of 52 years, also defined as a woman’s final menstrual 
period (Shangold 1996). This event results from the lack of endometrial stimulation by 
estrogen as the ovarian follicles become depleted. Hormonal alterations can produce 
symptoms such as hot flushes, night sweats, and vaginal dryness. And then, it relates 
about weight gain, bone loss, sleep disturbances, depression, and cardiovascular 
disease (CVD) (Shangold and Sherman 1998). There has been well documented that 
menopause and subsequent estrogen deprivation increase the risk of CVD in women. 
Before the menopause, women are at a decreased risk for CVD as compared to men, 
with men having between 3.5 and 4.5 times the risk over women. Within 10 years, 
following menopause, the risk of CVD in women increases to a level similar to that seen 
in men (Barrett-Connor 1994; Kafonek 1994).  

Currently, hormone replacement therapy (estrogen with or without progestin) is 
the primary treatment for the symptoms and long term risks (CVD) associated with 
menopause. Physiologic effects of estrogen, such as arterial vasodilatation, decreased 
fibrinogen levels, increased high density lipoprotein cholesterol levels and decreased 
low density lipoprotein cholesterol levels, are likely to reduce cardiovascular risk (Cutson 
and Meuleman, 2000). But, adverse effects attributed to hormone replacement therapy 
include breast tenderness, breakthrough bleeding, cancer (breast or endometrial) and 
thromboembolic disorders. In addition, there are relative and absolute contraindications 
to the use of hormone replacement therapy (Ravnikar 1987; Grady et al. 1992). Also, 
alternative choice for menopausal women e.g. diet (high fiber, low fat), exercise, 
changed lifestyle, relaxation and stress reduction.   

However some study found that age, gender and menopausal status are major 
genetic risk factors for coronary artery disease, while the cholesterol concentration, diet 
and lifestyle are largely environmental risk factors in an otherwise healthy population 
(Schaefer et al. 1994).  
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Aging is a physiological process that proceeds via structural and functional 
alterations in the vessel wall, causing an increase in the incidence of pathological 
conditions such as hypertension, coronary heart disease, cardiac insufficiency, and 
postural hypotension (Dohi et al. 1995; Gerhard et al. 1996). Endothelium dysfunction is 
also a common feature of aging which leads to some alterations in these cells, resulting 
in reduced relaxation and increased constriction (Luscher et al. 1993). Endothelium-
mediated relaxation is reduced due to a decreased secretion and/or synthesis of 
endothelium-derived relaxing factor nitric oxide (EDRF-NO). In some tissues, the 
decrease in endothelium-mediated relaxation may promote endothelium-derived 
contracting factor (EDCF) (Busse et al. 1993; Luscher et al. 1991).  According to some 
investigators, the decease in endothelium-mediated relaxation results from a decrease in 
the number of vasodilator receptors. Aging is linked with dysfunction of endothelium - the 
inner lining of the body's blood vessels, which plays a major role in maintaining a healthy 
circulation, and exercise is known to improve endothelial function. A lack of exercise 
(sedentary lifestyle) generally is considered a risk factor for atherosclerosis independent 
of its negative effects on body weight, blood pressure, and serum lipid values (Glasser et 
al. 1996). So important has physical activity and exercise come to be regarded in 
maintaining cardiovascular integrity that the American Heart Association has issued a 
position statement on its benefits (Fletcher et al. 1996). The statement affirms that 
physical inactivity is a recognized risk factor for coronary artery disease and has been 
related to increased cardiovascular mortality. Hornig et al. 1996, has pointed out that 
chronic immobilization or lack of adequate physical activity, whether by choice or as a 
result of disease, may be associated with reduced expression of NO synthase and 
thereby decreased synthesis of NO.  

Nitric oxide (NO) is as a major signaling molecule in neurons and in the immune 
system, either acting within the cell in which it is produced or by penetrating cell 
membranes to affect adjacent cells. Nitric oxide is generated from arginine by the action 
of nitric oxide synthase (NOS) (Figure 2.1) (Moncada and Higgs 1993; บรรลือและคณะ 
2540). 
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Figure 2.1 diagram of nitric oxide pathway 

NO has a half-life of only a few seconds in vivo. However, since it is soluble in 
both aqueous and lipid media, it readily diffuses through the cytoplasm and plasma 
membranes. NO has effects on neuronal transmission as well as on synaptic plasticity in 
the central nervous system. In the vasculature, NO reacts with iron in the active site of 
the enzyme guanylyl cyclase (GC), stimulating it to produce the intracellular mediator 
cyclic GMP (cGMP). This in turn enhances the release of neurotransmitters which play 
roles on smooth muscle relaxation and vasodilation (Figure 2.1), that is essential for the 
regulation of blood pressure. In the central nervous system nitric oxide is a 
neurotransmitter that underpins several functions, including the formation of memory. In 
the periphery, there is a widespread network of nerves, previously recognized as 
nonadrenergic and noncholinergic, that operate through a nitric oxide-dependent 

mechanism to mediate some forms of neurogenic vasodilatation and regulate various 
gastrointestinal, respiratory, and genitourinary tract functions. Nitric oxide also 
contributes to the control of platelet aggregation and the regulation of cardiac 
contractility (Moncada and Higgs 1993). In the extracellular milieu, NO reacts with 
oxygen and water to form nitrates and nitrites (Equation 1 and 2). NO toxicity is linked to 
its ability to combine with superoxide anions (O2

-) to form peroxynitrite (ONOO-) 
(Equation 3), an oxidizing free radical that can cause DNA fragmentation and lipid 
oxidation (Brown 1999; Lipton 1999; Murad 1998).  
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2NO + O2
-                   N2O4        H2O        NO2

-  +  NO3
- +  2H+          Equation 1 

2NO + O2
-                   N2O3        H2O       2NO2

-  +  2H+          Equation 2 

NO + O2
-                     ONO2

-       H+         NO3
-  Equation 3 

  Lipid oxidation which occurred in LDL is known to associate with 
atherosclerosis, a possible coronary risk factor. Patients with coronary artery disease 
(CAD) and patients with hypercholesterolemia have been shown to have loss of NO-
dependent vasodilation.  NO-dependent vasodilation is impaired in the coronary and 
brachial circulation of patients with diabetes, hypertension, and cigarette smoking. 
Postmenopausal women also demonstrate impairment of vasomotor function. Thus, 
hypercholesterolemia, diabetes mellitus, hypertension, cigarette smoking, aging, 
sedentary lifestyle, and postmenopausal state, and established CAD are all associated 
with endothelial dysfunction (Cooke 1997; Teddei et al. 1996). 

 Since exercise can improve endothelium-dependent vasodilatation, Teddei et al. 
2000 found that regular physical activity can at least in part prevent the age-induced 
endothelial dysfunction, probably the restoration of nitric oxide availability consequent to 
prevention of production of oxidative stress. Regular exercise benefits the heart and 
bones, helps regulate weight, and contributes to a sense of overall well-being and 
improvement in mood. Sedentary people are far more prone to coronary heart disease, 
obesity, high blood pressure, diabetes, and osteoporosis. Sedentary women may also 
suffer more from chronic back pain, stiffness, insomnia, and irregularity. They often have 
poor circulation, weak muscles, shortness of breath, and loss of bone mass. Depression 
can also be a problem. Women who regularly walk, jog, swim, bike, dance, or perform 
some other aerobic activity can more easily circumvent these problems and also achieve 
higher HDL cholesterol levels (Schiff 2002).  

There are several studies both in human and experimental animals on short term 
exercise which demonstrate the beneficial outcomes. Lewis et al. 1999 studied in 9 
hypercholesterolemic patients which cycle training 3x30 minutes/week at 65% VO2max  for 
4 weeks. They found that basal release of endothelium-derived nitric oxide was 
increased. 
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 Higashi et al. 1999 studied in 10 essential hypertension which brisk walking 30 
minutes 5 to 7 times/week for 12 weeks. He found an increased release of nitric oxide, 
and that continued physical exercise alleviates impairment of reactive hyperemia in 
patients with essential hypertension.  

Hambrecht et al. 2000 studied in 10 coronary artery disease which cycle 
ergometer 6x10 minutes/day for 4 weeks at 80% HRmax. They found that exercise training 
improves endothelium-dependent vasodilatation in patients with coronary artery disease. 
 Another study of patients whose physical activity was limited by congestive heart 
failure, flow-dependent dilation can be enhanced by physical training. After 4 weeks of 
hand-grip training, flow-dependent dilation was restored, most likely by increased 
endothelial release of NO (Clarkson et al. 1999). 

In healthy subjects, Node et al. 1997 studied changes in the plasma 
concentration of NO in systemic blood in response to acute physical exercise in 16 
healthy volunteers (60 ± 4 yr). Cycling exercise began at a workload of 25 Watts (W), 
which was increased every 1 minute in stepwise increments of 25 W. For all volunteers, 
exercise was discontinued when leg fatigue occurred. It was found that NO markers 
increased statistically. Since it is rather difficult to directly quantitative NO production in 
most circumstances, the measurement of serum nitrite/nitrate concentrations has been 
established as an alternative useful method to estimate nitric oxide production in both 
human and experimental animal. Maeda et al. 2001 studied in 8 healthy young subjects 
(20.3 ± 0.5 yr) exercised by cycling on a leg ergometer (70% VO2max for 1 hour, 3-4 
days/week) for 8 weeks. The result that chronic exercise caused an increase in 
production of NO suggested beneficial effects on the cardiovascular systems. 

In animal, studies of the coronary vasculature have typically been performed in 
either pigs or dogs. Treadmill training for only 7 days in dogs enhanced flow-mediated 
and Acetylcholine (Ach)-induced dilation in epicardial coronary arteries (Wang et al. 
1993), while training for 10 days increased nitrite release from both proximal coronary 
arteries and microvessels in response to Ach infusion (Sessa et al. 1994). Besides, short-
term aerobic exercise program in humans (exercise consisted of 7 consecutive days of 
treadmill walking and cycle ergometry) also improves insulin sensitivity. It has been 
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confirmed that exercise could induce improvements in glucose and insulin metabolism 
(Brown 1997). 



CHAPTER III 
 

MATERIALS AND METHODS 
 

MATERIALS AND EQUIPMENT 
 The following pieces of equipment were used to assess physical performance 
and analyze blood samples. 
 

Physical Performance Test :- 
- Bicycle ergometer (Quinton instrument CO, Corival 400, USA) 
- Treadmill ergometer (Quinton, Q 55 series 90, USA) 
- Oxygen and carbon dioxide gas analyzer (Quinton Metabolic Cart, QMC, USA) 
- Sphygmomanometer (Baumanometer®, Stand by and wall unit 33, USA) 
- Stethoscope (3M™ Littmann™, Classic II S.E., USA) 
- Heart rate monitor polar pacer (Polar Accurex Plus, Polar electro, Finland) 
- A weighing scale (Yamato, DP-6100 GP, Japan) 
- A scale for height 

 
Blood analysis :- 
-     Microplate reader (Anthos 2010, Austria) 
-     Reagent kit for nitric oxide: nitrite/nitrate (R&D systems GmbH, USA) 

• Nitrate Reductase 
• Nitrate Reductase Storage Buffer 
• NADH 
• Nitrite Standard 
• Nitrate Standard 
• Reaction Buffer Concentrate 
• Griess Reagent I 
• Griess Reagent II 
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Miscellaneous :- 
- Pipettes and pipette tips 
- Deionized water 
- Ice bath 
- Vortex mixer 
- Vivaspin 2 (10,000 Molecular Weight cutoff, Sartorius AG, Germany) 
 

METHODS 
 

A. Volunteers 
The volunteers were 30 healthy postmenopausal women. The recruitment of 

volunteer was achieved via the public announcement and local advertisement at King 
Chulalongkorn Memorial Hospital, The Thai Red Cross Society. 

 
1. Inclusion criteria 

- Women who no history or evidence of Diabetes, Hypertension, Heart  
disease, Cancer 

- 40-60 years of age 
- Menopause at least 1 year  
- No hormone replacement therapy used in the past 6 months 
- Written informed consent provided 

 
2. Exclusion criteria 

- Surgical menopause 
- Hypertension (resting > 160/90 mmHg) or on antihypertension medication 
- Diabetes mellitus 
- Heart disease 
- Total cholesterol > 300 mg/dL or on lipid lowering medication 
- Triglycerides > 400 mg/dL 
- Body mass index (BMI) > 30 kg/m2 
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- Regular conditioning exercise for twice a week at least 20 minutes 
duration time  

- Unable to participate in the constitutive exercise program  
The participants were recruited into the study after receiving both verbal and 

written informed consent. The study protocol has been approved by the Ethics 
Committee of the Faculty of Medicine, Chulalongkorn University. 

 
B. Study Designs 

The participants were assigned into 2 groups by purposive sampling according 
to the modes of exercise training bicycle (non-weight bearing) or treadmill (weight 
bearing). Both groups underwent 3 parts of the study protocol as follows. 

 
PART I (day 1-11): CONTROL/RUN IN PHASE 

 
Day 1: -  Subjects arrived at Wellness Research Center, 1st Floor of the Physiology  

building, Department of Physiology, Faculty of Medicine, Chulalongkorn 
University.  Weight was measured under light clothes no shoes.              

- Blood pressure (BP) and heart rate assessment were performed after 10 
minutes of rest. The mean of two measures separated by 30 seconds was 
recorded.  

- Prior to a peak oxygen uptake (VO2peak) test, 1st blood sample was 
collected after 8-12 hr fast. 

- A total of 8 mL of blood was drawn from anticubital vein into a disposable 
syringe. 

- The amount of 4 mL was added into heparinized tube and centrifuged at 
4,000 rpm for 10 min. The separated plasma was then analyzed for lipid 
profiles. The rest of blood were kept in a non-anticoagulated tube and 
transferred to centrifuge at 3,000 rpm for 5 min. The serum was then 
separated and kept in –20°C. The serum was later used for Nitrite/Nitrate 
(NO2

-/ NO3
-) assays.  
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- Immediately post the VO2peak test, the 2nd blood sample for NO2
-/ NO3

- and 
lipid profile was collected and processed as described above. 

 
Day 2 – day 11:  -  CONTROL DAYS/RUN IN PERIODS. 
 - Subjects were on their regular daily activities  
 
 

PART II (day 12-22): EXERCISE PHASE 
 
Day 12:  - The processes as in day 1 were repeated. 
   
Day 13 – day 22:   -  EXERCISE DAYS 
 - Subjects arrived at Wellness Research Center, 1st Floor of the  
                                    Physiology building, Department of Physiology, Faculty of   
                                     Medicine, Chulalongkorn University. 

- Exercise at 50-65% VO2peak work rate individually, for 30 min/day 
either by bicycle or treadmill ergometer with heart rate monitor 

- Warm up 10 min before exercise and cool down 10 min after  
                    exercise using stretching maneuvers, (Figure 3.4). 
 
 

PART III (day 23): PROTOCOL FINAL TESTING 
 

Day 23: The processes as in day 1 were repeated.  
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FLOW CHART OF THE PROTOCOL 
 

PART I (day 1-11): control/run in phase 
 

Day 1:  
Subjects arrived at Wellness Research Center, 1st Floor of the Physiology building, 

Department of Physiology, Faculty of Medicine, Chulalongkorn University. 
 

sit resting prior to blood pressure and heart rate assessment (Figure 3.1) 
                                                   

collect 8 mL fasting blood from anticubital vein (Figure 3.2) 
(1st blood collection) 

 
peak oxygen uptake (VO2peak) test (Figure 3.3) 

 
collect 8 mL blood from anticubital vein immediately after the VO2peak test 

(2nd blood collection) 
 
 

 
Day 2 – day 11:  -  Control days 
 - Subjects were on their regular daily activities 
 
PART II (day 12-22): exercise phase 
 
Day 12:  - The processes as in day 1 were repeated.   
 
 
 
 
 

4 mL into clotted blood tube
 
4 mL into heparinized tube 

4 mL into clotted blood tube      4 mL into heparinized tube 
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Day 13 – day 22:   -   Exercise days 
Subjects arrived at Wellness Research Center, 1st Floor of the Physiology building, 

Department of Physiology, Faculty of Medicine, Chulalongkorn University 
 
 

Warm up (Figure 3.4) 
 
 
 

                      Bicycle ergometer                                   Treadmill ergometer 
                   (Non-weight bearing)                                    (Weight bearing) 

Exercise at 50-65% VO2peak for 30 min/day 
 

Cool down 
               
PART III (day 23): protocol final testing 
 
Day 23: The processes as in day 1 were repeated.  
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Figure 3.1   Measuring the resting blood pressure and heart rate  
 
 
 

 
 

Figure 3.2   Collecting blood sample 
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Figure 3.3   VO2peak assessment 
 

C. VO2peak assessment  
The Ordinary ramp protocol on a cycle ergometer (Corival 400) was used to 

assess the VO2peak. The subjects initially pedaled at 50-60 rpm with no resistance for 3 
minute and then the load was increased to achieved an incremental work rate of 25 watt 
every minute. The test was terminated at volitional fatigue (Figure 3.3). 
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Figure 3.4   Warm up and cool down stretching maneuvers 
 

D. Storage of serum samples 
 The clotted blood samples were centrifuged at 3,000 rpm, 4°C for 5 minutes. The 
serum was separated into 0.5 mL aliquots and stored at -20°C for the quantitative of 
serum nitrite/nitrate concentration.  
 
Lipoprotein – Lipid Analysis 
  Lipid profiles, including total cholesterol, triglycerides, high-density lipoprotein 
cholesterol and low-density lipoprotein cholesterol were determined using automate 
analyzer (Integra 400 plus, Roche Diagnostics GmbH, Mannheim, Germany), which 
analyzed by the Special Laboratory at King Chulalongkorn Memorial Hospital. Total 
cholesterol level was measured by enzymatic, colorimetric method (CHOD/PAP) with 
cholesterol esterase, cholesterol oxidase, and 4-aminoantipyrine. Triglyceride levels was 
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measured by enzymatic, colorimetric method (GPO/PAP) with glycerol phosphate 
oxidase and 4-aminophenazone. High-density lipoprotein cholesterol and low-density 
lipoprotein cholesterol levels were determined by homogeneous enzymatic colorimetric 
assay. 
 
Assays for Nitric Oxide Metabolites 
 

1. Sample preparation 
Preparation of sample was performed before all assays. All samples required at 

least a 2-fold dilution with Reaction Buffer (1X). After dilution, samples were ultrafiltered 
through a 10,000 molecular weight cutoff filter (Vivaspin 2) to eliminate proteins. The 
ultrafiltrate of serum must be freshly prepared prior to analysis of nitrite/nitrate as follows: 

 
0.5 mL serum + 0.5 mL Reaction Buffer (1X) 

                                          
pipette into 

  
Vivaspin 2 

 
centrifuge at 4°C 4,000 rpm, 20 min 

 
ultrafiltrate for NO-

2/ NO-
3 assay 
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2. Reagent preparation 
All reagents of the nitrite/nitrate test kit (except nitrate reductase) were brought to 

room temperature before use. Deionized water was used when reconstituting or diluting 
reagents to avoid nitrite/nitrate contamination. 
 

The following 5 reagents were treated as shown in the diagrams below. 
 
2.1. Reaction Buffer (1X): 

10 mL Reaction Buffer Concentrate (10X) + 90 mLdeionized water 
                   mixed 

100 mL Reaction Buffer (1X) 
storage at  2-8°C 

 
2.2. Stock NADH:  

Reconstitution of NADH 
NADH 1 vial + 0.5 ml deionized water 

 
3 min at room temperature,  

slightly agitate 
 

stock NADH  
 

storage at -20°C 
 

2.3. Working NADH:  
immediately before use NADH (stock) 1 vol + deionized H2O 2 vol 

                                                 
working NADH, to be dispended 25 µl/ well; 

kept on ice during the assay 
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2.4. Stock Nitrate reductase:  
Reconstitution of Nitrate reductase 

Nitrate reductase 1 vial + 1.0 ml Nitrate reductase storage buffer 
 

Vortex 
 

15 min at room temperature 
 

Vortex vigorously 
 

15 min at room temperature 
 

Aliquot 
storage at -20°C 

 
2.5. Working Nitrate reductase: 

Immediately before use, nitrate reductase was diluted as described below.  
The number of standard and sample wells to be used was determined (blank 

wells not included).  
2.5.1. Nitrate reductase (µl)  =  (# wells + 2) x 10 µl. 
2.5.2. Reaction Buffer (µl)     =  volume on 5.1 x 1.5 
2.5.3. Add volumes from steps 5.1 and 5.2 to a tube, vortex. 
2.5.4. Place on ice and use within 15 minutes of dilution, 25 µl /well. 

 
     3. Preparation of Nitrite Standards for Standard Curve Calibration 

An amount of 180 µl of Reaction Buffer (1X) was pipetted into a 200 µmol/L well. 
Another volume of 100 µl of Reaction Buffer (1X) was pipetted into the remaining 
standard wells. The amount of 20 µl of the 2,000 µmol/L nitrite standard stock was used 
to produce a dilution series (Table 3.1). Each well was mixed thoroughly and the pipette 
tip was changed between each transfer. The 200 µmol/L standard served as the high 
concentration and the Reaction Buffer (1X) served as the zero standard (0 µmol/L).  
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Table 3.1   Working Nitrite Standard 
 

 Micro well 
(µl) 1 2 3 4 5 6 7 

1. Reaction buffer (1x) 180 100 100 100 100 100 100 
2. Standard NO2

- 2,000 µmol/L 20 - - - - - - 
3. Transfer from 1--->2  ; 2 --->3;           
          3 --->4;  4 --->5;  5 --->6;          
          6 --->7, 100 µl each 

 
100 

 
100 

 
100 

 
100 

 
100 

 
100 

 

4. Final volume 100 100 100 100 100 100 200 
5. Pipette out 100 µl - - - - - - 100 
6. Aliquot duplicate well 50 50 50 50 50 50 50 
 50 50 50 50 50 50 50 
7. Final concentration µmol/L 200 100 50 25 12.5 6.25 3.12 

     
     4. Preparation of nitrate standards for standard curve calibration 
 An amount of 180 µl of Reaction Buffer (1X) was pipetted into a 200 µmol/L well. 
An amount of 100 µl of Reaction Buffer (1X) was added into the remaining standard 
wells. An amount of 20 µl of the 1,000 µmol/L nitrate standard stock was used to 
produce a dilution series (Table 3.2). Each well was thoroughly mixed and the pipette tip 
was changed between each transfer. The 100 µmol/L standard serves as the high 
concentration and the Reaction Buffer (1X) serves as the zero standard (0 µmol/L).  
  
 
 
 
 
 
 
 
 
 

out
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Table 3.2   Working Nitrate Standard 
 

Micro well  
(µl) 1 2 3 4 5 6 

1. Reaction buffer (1x) 180 100 100 100 100 100 
2. Standard NO3

- 1,000 µmol/L 20 - - - - - 
3. Transfer from 1--->2; 2 --->3;           
    3 --->4; 4 --->5; 5 --->6, 100 µl each 

 
100 

 
100 

 
100 

 
100 

 
100 

 

4. Final volume 100 100 100 100 100 200 
5. Pipette out 100 µl - - - - - 100 

50 50 50 50 50 50 6. Aliquot duplicate well 
50 50 50 50 50 50 

7. Final concentration µmol/L 100 50 25 12.5 6.25 3.12 
 
     5. Nitrite assay procedure 

This assay procedure measures the concentration of endogenous nitrite present 
in the sample. All reagents were brought to room temperature before use. All samples 
and standards were assayed in duplicate.  

5.1   All reagents, working standards, and samples were prepared as directed in the   
  previous sections (1, 2 and 3). 

5.2   Excess microplate strips were removed from the plate frame, and returned them  
  to the storage bag and proceed as shown in Table 3.3.  

5.3   A volume of 200 µL of Reaction Buffer (1X) was added to the Blank wells. 
5.4   A volume of 50 µL of Reaction Buffer (1X) was added to the zero standard wells. 
5.5   A volume of 50 µL of Nitrite Standard or sample was added to the remaining  

  wells. 
5.6   A volume of 50 µL of Reaction Buffer (1X) was added to all standard and  
        sample wells. 
5.7   A volume of 50 µL of Griess Reagent I was added to each well except the Blank  

  wells. 
 

out
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5.8   A volume of 50 µL of Griess Reagent II was added to each well except the   
        Blank wells. Well mixed by gently tapping the side of the plate. 
5.9   All well were incubated for 10 minutes at room temperature. 
5.10 The optical density (OD) of each well was determined using a microplate reader  

  set at 540 nm. 
 

Table 3.3   Nitrite assay procedure 
 

Micro well  
µl 

Blank 
well Zero 1 2 3 4 5 6 7 

serum 
ultrafiltrate 

1. Reaction buffer (1x) 200 - - - - - - - - - 
2. Reaction buffer (1x) - 50 - - - - - - - - 

- - 50 50 50 50 50 50 50 - 3. Nitrite standard 
- - 50 50 50 50 50 50 50 - 
- - - - - - - - - 50 4. Sample ultrafiltrate 
- - - - - - - - - 50 

5. Reaction buffer (1x) - 50 50 50 50 50 50 50 50 50 
6.Griess reagent I - 50 50 50 50 50 50 50 50 50 
7.Griess reagent II - 50 50 50 50 50 50 50 50 50 
8. Final volume 200 200 200 200 200 200 200 200 200 200 
9. Tapping 
10. Incubate 

Tapping gently 
10′ Room temperature 

11. Standard conc.       
      µmol/L 

- 0 200 100 50 25 12.5 6.25 3.12 ? 

12. OD 540 nm 0          
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     6. Nitrate reduction assay procedure 
This assay procedure measures total nitrite by converting nitrate to nitrite. To 

determine the nitrate concentration in the sample, the endogenous nitrite concentration 
measured from the Nitrite Assay Procedure must be subtracted from the converted nitrite 
concentration measured in this assay procedure.  

The reconstituted NADH and Nitrate Reductase were kept on ice throughout the 
duration of the assay. All other reagents were brought to room temperature before use. 
All samples and standards were assayed in duplicate. 

6.1   All reagents, working standards, and samples were prepared as directed in the  
  previous sections (1, 2 and 4). 

6.2   Excess microplate strips were removed from the plate frame, and returned them  
  to the storage bag and proceed as shown in Table 3.4. 

6.3   A volume of 200 µL of Reaction Buffer (1X) was added to the Blank wells. 
6.4   A volume of 50 µL of Reaction Buffer (1X) was added to the zero standard wells. 
6.5   A volume of 50 µL of Nitrite Standard or sample was added to the remaining  

  wells. 
6.6   A volume of 25 µL of NADH was added into all standard and sample wells. 
6.7   A volume of 25 µL of Nitrate Reductase was added into all standard and sample  

 wells. Each well was mixed and covered with the adhesive strip. 
6.8   Incubate for 30 minutes at 37°C. 
6.9   A volume of 50 µL of Griess Reagent I was added to all wells except Blank  

   wells. 
6.10 A volume of 50 µL of Griess Reagent II was added to all wells except Blank  

  wells. Well mixed by gently tapping the side of the plate. 
6.11  All wells were incubated for 10 minutes at room temperature. 
6.12 The optical density (OD) of each well was determined using a microplate reader  

  set at 540 nm. 
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Table 3.4   Nitrate reduction assay procedure 
 

Micro well  
µl 

Blank 
well Zero 1 2 3 4 5 6 

serum 
ultrafiltrate 

1. Reaction buffer (1x) 200 - - - - - - - - 
2. Reaction buffer (1x) - 50 - - - - - - - 

- - 50 50 50 50 50 50 - 3. Nitrate standard 
- - 50 50 50 50 50 50 - 
- - - - - - - - 50 4. Sample ultrafiltrate 
- - - - - - - - 50 

5. NADH working - 25 25 25 25 25 25 25 25 
6. Nitrate reductase - 25 25 25 25 25 25 25 25 
7. Mixed, covered Covered with adhesive strip mixed 
8. Incubate 30′  37°C 
9.Griess reagent I - 50 50 50 50 50 50 50 50 
10.Griess reagent II - 50 50 50 50 50 50 50 50 
11. Tapping Mixed by tapping gently 
12. Incubate 10′ Room temperature 
13. Final volume 200 200 200 200 200 200 200 200 200 
14. Standard conc.   
      µmol/L 

0 0 100 50 25 12.5 6.25 3.12 ? 

15. OD 540 nm 0         
 
     7. Calculation of the results 

The duplicate readings were averaged for each standard and sample and 
subtracted the average zero standard optical density. 

Determination of the concentration of nitrate in the sample: 
7.1 The endogenous nitrite concentration (X µmol/L) was measured using the Nitrite  
       Assay Procedure. 
7.2 The total nitrite concentration (Y µmol/L) was measured after the conversion of  
       nitrate to nitrite using the Nitrate Reduction Assay Procedure. 
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7.3 Determine the nitrate concentration in the sample by subtracting endogenous   
   nitrite concentration from the total nitrite concentration, as indicated by the   
   following equation. 

Nitrate concentration  =  (Y - X)  µmol/L 
 

     E. Statistical Analysis 
 The results ware reported as mean and standard deviation (SD). All data were 
analyzed using the Statistical Package for the Social Science (SPSS) version 11.5. The 
distribution of data was tested for normal distribution. If the data was normally 
distributed, the paired t-test was used to test for significant difference between two 
conditions within the same group i.e. either pre and post VO2peak test, or the tests applied 
at either before or after exercise training. Unpaired t-test was used to test for significant 
difference among different groups i.e. the treadmill and the bicycle groups. If data were 
not normally distributed (non-parametric), then Wilcoxon Signed Ranks test was used 
instead of paired t-test and the Mann-Whitney U test was used in place of Unpaired        
t-test. Difference was considered significant at a p-value < 0.05.  
 
  
 
 
 
 
 
 
 
 
 
 
 
 



CHAPTER IV 
 

RESULTS 
 

The design of this study is experimental research with randomized sampling. This 
study protocol was approved by the Ethics Committee of the Faculty of Medicine, 
Chulalongkorn University.  

Thirty healthy post-menopausal women were enrolled in this 23 days program. 
They took the VO2peak test on day 1, day 12, and day 23, represented baseline or control 
phase, exercise phase and protocol final testing. During day 2 to day 11 which was the 
control phase, subjects were asked to retrain their regular daily living and eating style. 
However, during day 13 to day 22, the same group of volunteers was equally 
randomized into two groups of exercise procedures either of treadmill or bicycle training 
for 30 minutes daily for 10 consecutive days (exercise phase). 

 
4.1 The physical characteristics of volunteers  
The mean ± SD of anthropometric measures and other basal characteristics of 

all volunteers were shown in Table 4.1. Brief results were as follows: height 154.58 ± 
5.20 cm, body weight 55.00 ± 9.65 kg, body mass index (BMI) 22.97 ± 3.59 kg/m2, 
resting heart rate 73.7 ± 6.55 beats/min, resting systolic blood pressure 113 ± 9.52 
mmHg, resting diastolic blood pressure 73 ± 6.50 mmHg, and peak oxygen uptake 
(VO2peak) 19.11 ± 3.92 mL/kg/min.  
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Table 4.1   The physical characteristics data * 
 

 MEAN SD 
Age (yr) 53.53 3.59 
Height (cm) 154.58 5.20 
Body weight (kg) 55.00 9.65 
BMI (kg/m2) 22.97 3.59 
Resting heart rate (beats/min) 73.70 6.55 
Resting systolic blood pressure (mmHg) 113 9.52 
Resting diastolic blood pressure (mmHg) 73 6.50 
VO2peak (mL/kg/min) 19.11 3.92 

            * Total subject number = 30 
 

4.2 The standard curve for nitrite/nitrate assay 
4.2.1 Nitrite standard curve  

Using the 2,000 µmol/L of nitrite standard supplied with the assay kit, a 
serial dilution was prepared according to the manufacturers protocol. The optical density 
at 540 nm of the final concentration of nitrite standard at 0, 3.12, 6.25, 12.5, 25, 50, 100, 
and 200 µmol/L was presented in Table 4.2 A. The data were plotted in Figure 4.1 using 
the average of two assays.  

Table 4.2 A   The nitrite concentration and the OD at 540 nm 
 

Nitrite concentration (µmol/L) OD 540 nm 
zero 0.0000 
3.12 0.0115 
6.25 0.0265 

12.50 0.0445 
25.00 0.1055 
50.00 0.2035 
100.00 0.4080 
200.00 0.7805 
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Figure 4.1   The nitrite standard curve  
 

 
 4.2.2 Nitrate standard curve  

Using the 1,000 µmol/L of nitrate standard supplied with the assay kit, a 
serial dilution was prepared according to the manufacturers protocol. The optical density 
at 540 nm of the final concentration of nitrate standard at 0, 3.12, 6.25, 12.5, 25, 50, and 
100 µmol/L was shown in Table 4.2 B. The data were plotted in Figure 4.2 using the 
average of two assays. 

 
Table 4.2 B   The nitrate concentration and the OD at 540 nm 

 
Nitrate Concentration (µmol/L) OD 540 nm 

zero 0.00000 
3.12 0.00625 
6.25 0.03475 

12.50 0.06175 
25.00 0.10650 
50.00 0.19875 
100.00 0.41900 
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Figure 4.2   The nitrate standard curve 
 

 
4.3. Assay of serum nitrite/nitrate  
On day 1, day 12, and day 23 each subject was asked to perform VO2peak test. 

The blood samples were collected before VO2peak test (pre VO2peak test) and after VO2peak 
test (post VO2peak test) for further assay of nitrite / nitrate and lipid profiles. 
 

4.3.1 Effect of exercise training on serum nitrite/nitrate concentration 
From Figure 4.3.1 A and Figure 4.3.1 B, the pre VO2peak concentration of serum 

nitrite/nitrate taken at day 1, 12, and 23 showed no significant differences. In the same 
manner, comparison of the post VO2peak concentration of serum nitrite/nitrate resulted in 
no significant differences as well, (Figure 4.3.1 A & B; Table 4.3.1). 
 To search for the effect of acute exercise (pre-post VO2peak) on the concentration 
of serum nitrite/nitrate, the pre VO2peak concentration of serum nitrite/nitrate of day 1, 12, 
and 23 was compared to the post VO2peak concentrations of the same period. Although 
the results did not exhibit any significant differences, (Figure 4.3.1 A & B; Table 4.3.1).      
But when observed the concentration of serum nitrate at day 1, the post VO2peak serum 
nitrate concentration was 26.14 µmol/L and stayed at this level through out the study 
period. While the pre VO2peak serum nitrate was 22.67 µmol/L at day 1. Whether this 
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slightly increase of serum nitrate could be a response to acute exercise or not, it needed 
further investigation. 
 
 

Table 4.3.1  Serum nitrite/nitrate concentration at day 1, day 12, and day 23 of treadmill 
group, bicycle group and the summative of both. 

 

Exercise Serum  
Baseline or  

control phase 
Exercise phase 

 
Protocol  

final testing 
Mode concentration Day 1 Day 12 Day 23 

 
(µmol/L) 

 
Pre 

VO2peak 
Post 

VO2peak 
Pre 

VO2peak 
Post 

VO2peak 
Pre 

VO2peak 
Post 

VO2peak 

Treadmill 
Nitrite 

 

1.46 
± 2.19 

1.29 
 ± 3.58

1.94 
± 3.44 

1.03  
± 1.39 

0.79  
± 1.02  

0.83 
 ± 1.14 

(n=15) 
 

Nitrate 
 

22.62 
± 16.99

29.12 
 ± 18.65

23.17  
± 18.25

23.46  
± 18.54

27.69  
± 18.76 

26.85  
± 18.84 

Bicycle 
Nitrite 

 

1.25  
±1.78 

1.26  
± 2.17 

0.84  
± 1.23 

0.73  
± 1.11 

1.31 
± 2.11 

0.75  
± 1.80 

(n=15) 
 

Nitrate 
 

22.72  
± 21.04

23.16  
± 19.29

29.13  
± 30.86

29.94  
± 30.13

26.78  
 ± 21.29 

27.26  
± 21.30 

Total 
Nitrite 

 
1.36  
± 1.97 

1.27  
± 2.91 

1.39  
± 2.60 

0.88  
± 1.24 

1.05  
± 1.65 

0.79  
± 1.48 

 (n=30) 
 

Nitrate 
 

22.67  
± 18.79

26.14  
± 18.89

26.15  
± 25.10

26.70  
± 24.80

27.24  
± 19.72 

27.05  
± 19.76 
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Figure 4.3.1 A   Serum nitrite concentration of 30 subjects at day 1, day 12, and day 23,  
                      a comparison of the pre VO2peak to post VO2peak test.                       

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.3.1 B  Serum nitrate concentration of 30 subjects at day 1, day 12, and day 23,  

a comparison of the pre VO2peak to post VO2peak test.  
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4.3.2 Effect of exercise mode on the concentration of serum nitrite/nitrate  
The modes of exercise either by treadmill or bicycle did not affect the 

concentration of serum nitrite/nitrate, the data was shown in Figure 4.3.1 A & B; Table 
4.3.1. Further analysis by subtracting the individual post VO2peak concentration of serum 
nitrite/nitrate from the pre VO2peak concentrations, the results were presented in Table 
4.3.2. The negative mean differences signified no increment in the concentration of 
serum nitrite/nitrate mediated by acute exercise via the VO2peak test. 

 
Table 4.3.2 The mean difference of serum nitrite/nitrate at day 1, day 12, and day 23    

in treadmill and bicycle groups 
 

Exercise Serum 
concentration 

Mean difference of pre and post VO2peak 

 Mode (µmol/L) Day 1 Day 12 Day 23 
Treadmill Nitrite -0.17 ± 1.98  -0.91 ± 2.7  0.03 ± 0.76  
(n=15) Nitrate 6.50 ± 14.49 0.29 ± 1.51 -0.84 ± 9.52  
Bicycle Nitrite 0.01 ± 1.66 -0.11 ± 1.21  -0.56 ± 1.82  
(n=15) Nitrate 0.43 ± 5.35 0.82 ± 5.02  0.48 ± 2.95  

  
 
4.4 Comparative study of peak oxygen uptake (VO2peak) in subjects during the 

control phase and the exercise phase. 
 The VO2peak tests on day 1, 12, and 23 were performed in every subjects in order 
to demonstrate the effect of exercise training on oxygen uptake, the result was shown in 
Figure 4.4. It was noticed that the mean of the peak oxygen uptake (VO2peak) increased 
from 19.1 mL/kg/min at day 1 up to 19.5 mL/kg/min at the end of exercise training period 
(day 23). Although the VO2peak at day 23 increased without statistic significance, but it 
implied an improvement of the physical fitness of all volunteers. Besides, all volunteers 
felt their own wellness and wished to continue further exercise practices. 
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Figure 4.4   VO2peak at day 1, day 12, and day 23 of all subjects 

 
 

4.5 Effect of exercise training on lipid profiles  
The lipid profiles test package comprised of the tests for total cholesterol (TC), 

triglycerides (TG), high density lipoprotein cholesterol (HDL-C), and low density 
lipoprotein cholesterol (LDL-C). The data for lipid profiles of the group on treadmill and 
the bicycle group were presented in Table 4.5 together with data of the summative of 
both groups. The result of the treadmill group in Figure 4.5 A exhibited highly statistic 
significant decrease of serum triglycerides level (p<0.01) when comparing the serum TG 
level of day 23 to day 12. Whilst, the HDL-C of this treadmill group increased significantly  
with p< 0.05. (Figure 4.5 A). There was no statistical significantly change observed in the 
lipid profiles of the bicycle group. The analysis of the summative data on lipid profiles on 
both groups of thirty volunteers was shown in Figure 4.5 B. The statistically significant 
changes (p<0.05) of both TG and HDL-C on day 23 as compared to day 12, still 
remained.   

The effect of acute exercise on the concentration of lipid profiles, when 
compared the pre VO2peak concentration of lipid profiles at day 1, 12, and 23 to the post 
VO2peak concentrations of the same period, the results showed significant differences of 
all parameters (p<0.01), (Figure 4.5 C-F, Table 4.5). 

 

18 .9

19

19 .1

19 .2

19 .3

19 .4

19 .5

D ay 1 D ay 12 D ay 23

VO
2p

ea
k (

mL
/kg

/m
in)

V O 2peak 



 36

Table 4.5   Blood lipid profiles in subjects at day 1, day 12, and day 23 
 

 
Exercise 

 
Lipid 

Baseline or  
control phase 

Exercise phase Protocol  
final testing 

Mode profiles Day 1 Day 12 Day 23 
 (mg/dL) Pre 

VO2peak 
Post 

VO2peak 
Percent
change

Pre 
VO2peak 

Post 
VO2peak 

Percent 
change 

Pre 
VO2peak 

Post 
VO2peak 

Percent
change

Treadmill TC 226.13  
± 34.19 

238.87 
 ± 35.13

5.63 227.4  
± 38.52

241.73  
± 43.24 

6.30 231.73 
 ± 36.52 

242.33 
± 41.03

4.57

(n=15) TG 105.53  
± 60.95 

115.07 
± 71.87

9.04 113.07  
 ± 64.86

121.93  
± 70.35 

7.84 87.07 
 ± 45.22 

93.67  
± 48.39

7.58

 HDL-C 68.6  
 ± 14.79 

73.6 
 ± 17.14

7.29 68  
± 13.65

73.13  
± 13.79 

7.54 73.07   
± 13.4 

78  
± 14.09

6.75

 LDL-C 146.47 
 ± 37.52 

150.47 
± 38.48

2.73 146.87 
 ± 36.63

158.07 
± 45.24 

7.63 149  
± 36.51 

155.6  
± 38.97

4.43

Bicycle TC 218.87 
 ± 28 

231.87 
 ± 25.77

5.94 220.2  
± 20.88

230.67  
± 25.41 

4.75 214.07 
 ± 24.44 

227.6  
± 24.03

6.32

(n=15) TG 90.87  
± 23.79 

98.87  
± 28.49

8.80 87.47  
± 25.54

99 
 ± 31.85

13.18 82.2 
 ± 26.02 

90.87  
± 28.25

10.55

 HDL-C 69.33  
± 13.03 

74.33 
± 16.24

7.21 69.47  
± 14.5 

73.53  
± 15.25 

5.84 71.13 
 ± 13.97 

75.53  
± 14.58

6.19

 LDL-C 139.4  
± 31.68 

148.8 
 ± 31.83

6.74 137.87 
± 26.41

147.2  
± 32.07 

6.77 133.93 
 ± 28.49 

140.27 
± 27.87

4.73

Total TC 222.5 
 ± 30.93 

235.37 
 ± 30.48

5.78 223.8 
 ± 30.66

236.2  
± 35.3 

5.54 222.9  
± 31.83 

234.97 
± 33.88

5.41

 (n=30) TG 98.2  
± 46.07 

106.97 
 ± 54.34

8.93 100.27 
 ± 50.15

110.47 
 ± 54.91

10.17 84.63  
± 36.33 

92.27  
± 38.96

9.03

 HDL-C 68.97  
± 13.7 

73.97 
 ± 16.4 

7.25 68.73  
± 13.85

73.33  
± 14.29 

6.69 72.07  

± 13.53 
76.77  
± 14.14

6.52

 LDL-C 142.93 
 ± 34.31 

149.63 
 ± 34.71

4.69 142.37 
 ± 31.71

152.63  
± 38.93 

7.21 141.47 
± 33.08 

147.93 
± 34.19

4.57
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**

*

Figure 4.5 A   Lipid profiles of pre VO2peak test on day 1, day 12, and day 23 of the  
                   treadmill group 

*  Significant difference of triglycerides level between day 12 and day 23 
   (p < 0.01)  
   Significant difference of HDL-C level between day 12 and day 23   

                       (p < 0.001) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.5 B   Lipid profiles pre VO2peak test of 30 subjects at day 1, day 12, and day 23  
                      Significant difference of TG and HDL-C between day 12 and day 23   
                      (p < 0.01). 
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*

*

Figure 4.5 C   Total cholesterol pre and post VO2peak test of 30 subjects at day 1, day  
                      12, and day 23 
                          Significant difference of total cholesterol between pre and post                            
                          VO2peak (p < 0.01).  
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Figure 4.5 D   Triglycerides pre and post VO2peak test of 30 subjects at day 1, day 12,  
                      and day 23                           
                         Significant difference of triglycerides between pre and post                                   
                         VO2peak (p < 0.01).  
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*

*

Figure 4.5 E   HDL-C pre and post VO2peak test of 30 subjects at day 1, day 12,  
                          and day 23 
                              Significant difference of HDL-C between pre and post                                   
                              VO2peak (p < 0.01).  
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Figure 4.5 F   LDL-C pre and post VO2peak test of 30 subjects at day 1, day 12,  
                              and day 23 
                              Significant difference of LDL-C between pre and post                                     
                              VO2peak (p < 0.01).  
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CHAPTER V 
 

DISCUSSION AND CONCLUSION 
 

 The metabolic product of NO (represented by nitrite/nitrate concentration) in 
systemic venous blood in thirty healthy postmenopausal women in the present study was 
compared between the control phase (n=30) and exercise phase (n=30). The exercise 
phase was divided into two groups as treadmill group (n=15) and bicycle group (n=15). 

In this study, there was no significant change of serum nitrite/nitrate 
concentration due to the exercise. There were no significant different of the serum 
concentration of nitrite/nitrate when comparing pre and post VO2peak test on day 1, day 
12, and day 23. But, at day 1 post VO2peak serum nitrate concentration was 26.14 µmol/L 
and stayed at this level throughout the study period. There was no significant different in 
mode of exercise, represent treadmill and bicycle ergometer. Concerning physical 
fitness of subjects, short term exercise training did not changed peak oxygen uptake. 

The present study, there was no significant change of physical fitness after 
exercise training. But, after short term exercise could decrease triglycerides and 
increase HDL-C significantly. There were significant different of lipid profiles (all 
parameter) when comparing pre and post VO2peak test on day 1, day 12, and day 23. In 
mode of exercise, after short term exercise could decrease triglycerides and increase 
HDL-C significantly in treadmill group only. 

The coefficient of variation (CV) of lipid profiles, including TC, TG, HDL-C and 
LDL-C for the intra-assay 1.8%, 0.5%, 1.7%, and 1.5%, respectively. The inter-assay 
were 0.9%, 1.4%, 2.7%, and 1.9%, respectively.  

The volunteers in the present study were aged between 46-60 years with the 
serum nitrite as 1.37+1.97 µmol/L and serum nitrate as 22.67+18.79 µmol/L which were 
similar to the observation by Toprakci et al. 2000. They found that NO release declines 
with age in healthy people, with the most pronounce decrease between 46 and 60 years 
of age as shown in Table 5.1. 
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Table 5.1 Nitrite and nitrate levels in different age groups (values are expressed 
as median, minimum, and maximum values) (Toprakci et al. 2000) 

 
Age groups 

(years) 
n Nitrite 

(µmol/L) 
Nitrate 

(µmol/L) 
I (6-15) 13       1.6    (0.8-5.5)     47.2   (12.8-95.2) 

II (16-30) 13       1.6    (0.8-5.0)     35.2     (0.8-76) 
III (31-45) 15       1.9    (0.8-6.8)     22.4   (2.4-38.4) 
IV (46-60) 14      1.8   (1.0-4.9)    12.4    (0.8-42) 
VI (>61) 14       1.15   (0.8-3.9)    16.4    (0.8-38.4) 

 
 Other investigation also observed decreased NO production not only in 
pathological states but also during physiological aging (Clelland et al. 1997 and 
Genhard et al. 1996). The observed decreased NO levels in aging individuals were 
proclaimed result of free radicals in aging process. Higher plasma concentrations of 
nitric oxide among the athletes, suggesting a higher basal production of NO that may 
cause lower blood pressure were reported by Poveda et al. 1997, therefore physical 
activity or daily exercise that has positive health benefit in terms of normalizing blood 
pressure might be due to the increase NO production. In order to improved the 
endothelial function in postmenopasual individuals, the present study was aimed to 
endeavor the effect of short term exercise training on the level of nitrite/nitrate 
concentration. 

In this study, at day 1 and day 12 pre VO2peak serum nitrate concentration was 
22.67 and 26.15 µmol/L, respectively. It was possibly, volunteers may be adjust activity 
to prepare participate exercise training program (placebo effect). Thus, we do not known 
and could not control, but we attempted to ask volunteers do not change activity.  

Nevertheless in animal studies, Treadmill training for only 7 days in dogs 
enhanced flow-mediated and Ach-induced dilation in epicardial coronary arteries (Wang 
et al. 1993), while training for 10 days increased nitrite released from both proximal 
coronary arteries and microvessels in response to Ach infusion (Sessa et al. 1994).  The 
animal study, facilitated researcher to control every modality in experimental i.e. intensity, 
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duration of exercise, diet. Then, in long term training, Maeda et al. 2000 found that, 8-
weeks exercise training increased nitrite/nitrate concentration in serum. It possibly in this 
study that duration of training was not long enough to cause the rising nitrite/nitrate 
concentration in serum or might be the adaptive function of endothelium.  
 In this study, the mean differences of serum concentration of nitrate (between pre 
and post VO2peak test) at day1 showed the larger effect of exercise than day 12 and day 
23 (from 3.48 µmol/L to 0.55 µmol/L to–0.19 µmol/L, respectively). It possibly, these 
results were chronic effect on top of acute. All volunteers in this study were sedentary 
individuals and they have never been exposed to the treadmill or bicycle ergometer. This 
would lead to the microtrauma because of muscle strain from overexertion. Furthermore, 
the emotional stress presumably from fear of blood sampling may cause the rise of 
serum nitrate concentration. 

Physical exercise increase coronary blood flow, resulting in increased shear 
stress on the surface of the endothelium (Schuler 1992). Endothelial cells responded to 
short-term increase in shear stress by producing vasodilator compounds such as 
prostacyclin and nitric oxide. Sustained increases in shear stress elicited an adaptive 
response in endothelial cells that was manifested, in part, by increased expression of the 
enzyme that catalyzes nitric oxide production (Vita and Keaney 2000). During physical 
and mental stress, increases in coronary blood flow because of sympathetically 
mediated increases in cardiac output also augment shear stress across the endothelium, 
producing coronary and systemic arterial dilation. Vasodilation during stress may also be 
mediated by epinephrine and norepinephrine activation of adrenoceptors on the 
endothelium, with enhanced synthesis and release of nitric oxide. 

However, Node et al. 1997 found that, the plasma concentration of NO was 
responded to acute physical exercise in 16 healthy volunteers with average at 60 + 4 
years (9 men and 7 women). The cycling exercise began with a workload of 25 W, which 
was increased every 1 minute in stepwise increments of 25 W. For all volunteers, 
exercise was discontinued when leg fatigue occurred. It demonstrated the NO markers 
increase statistically. It was possibly, different of physical fitness when compared 
between race, which majority of foreigners (Japanese) was active more than Thai. In 
addition, Poveda et al.1997, studied in 10 healthy subjects which were tested by a 
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modified Bruce protocol (treadmill), they did not find any significant increase in plasma 
levels of nitrites or nitrates after acute exercise. However, the limitation of this study was 
not control diet of all subjects, merely advice subjects avoid diet which composed of 
nitrite/nitrate only e.g. food with preservative, sausage, ham. But, resting nitrite/nitrate 
concentration in serum between this study and Node et al. 1997 were similar (24.02 vs 
24.6 µmol/L). 

About physical fitness, short term exercise training did not increased peak 
oxygen uptake, which was the same as well as studies in short term aerobic exercise 
program for 7 day (Brown et al. 1997). 

The present study, triglycerides was significantly decreased and HDL-C was 
significantly increased after short term exercise training. In general, exercise-trained and 
physically active individuals generally exhibit lower plasma concentrations of 
triglycerides and higher levels of HDL-C than their untrained, sedentary counterparts. 
Some of the potential mechanism by which exercise modifies plasma and lipoprotein 
profile are related to increases in lipoprotein lipase (LPL) and lecithin cholesterol acid 
transferase (LCAT) activity (Tall 1990) HDL contains LCAT, and the enzyme catalyzes a 
reaction that gathers free cholesterol and returns it to the liver. LPL decreases HDL2 
breakdown and increases the use of triglycerides (HDL2 is a major class of HDL). In 
addition, exercise lowers triglycerides by increasing insulin receptor activity and reduces 
abdominal body fat (Despres et al. 1988). Abdominal body fat, commonly seen 
postmenopausally, was associated with decreased liver LPL activity, impairing the 
breakdown of triglycerides (Barret-Connor et al. 1997; Tall 1990). In addition, when 
compared the concentration of lipid profiles between treadmill and group at day 12 and 
23, the results showed triglycerides was significantly decreased and HDL-C was 
significantly increased after short term exercise training in treadmill group only.  

The result in Table 4.5 showed that, acute exercise-induced increase lipid 
profiles (all parameter) significantly when compared between pre and post VO2peak test in 
each day (day 1, 12, and 23). The promptly rising of lipid profiles was possibly, the 
catecholamine response to exercise resulting in increase lipolysis of adipose tissue 
triacylglycerols and, presumably, intramuscular triacylglycerols (Horowitz and Kliein 
2000). In addition, increases in adipose tissue and muscle blood flow decrease fatty acid 
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reesterification and facilitate the deliverly of released fatty acids to skeletal muscle. 
Compared with untrained persons exercising at the same absolute intensity, persons 
who have undergone endurance training have greater fat oxidation during exercise 
without increased lipolysis (Horowitz and Kliein 2000). Therefore, acute exercise induced 
the increase of lipolysis more than needed for fatty acid oxidation in sedentary 
individuals as seen in this study. Furthermore, in this study, blood sample was collected 
For examine plasma volume change in 5 subjects.  The results showed that, there was a 
Change in approximately 7-8%, which gave no significance as compared to the whole 
pasema volume. 
 
 
Conclusion 

1. Short term moderate exercise training could not change the concentration of                 
serum nitrite/nitrate in postmenopausal women both treadmill and bicycle 
group.  

2. Acute exercise increased the concentration of serum nitrite/nitrate in 
postmenopausal women both treadmill and bicycle group on the first day. 

3. Short term moderate exercise training could decrease in triglycerides and 
increased high density lipoprotein cholesterol levels in postmenopausal 
women in treadmill group. 

4. Further study should include longer duration of exercise training, and should 
be diet control, which might provide the distinct results.  
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APPENDIX A 
 

Table A The Physical Characteristics of Volunteers 
 
Number Age Height (c.m.) Weight (k.g.) BMI (kg/m2) VO2peak (mL/kg/min) 

1 54 145 41 19.50 27.07 
2 54 154 47 19.82 22.55 
3 51 151 54 23.68 14.26 
4 52 153 70 29.90 15.29 
5 56 154 63 26.56 12.86 
6 58 147.50 51 23.44 16.27 
7 53 155 68 28.30 20.74 
8 54 163 57 21.45 18.60 
9 50 155 52 21.64 18.82 
10 53 153 41 17.51 25.06 
11 54 157 60 24.34 20.33 
12 56 150 42 18.67 17.62 
13 58 158 42 16.82 17.87 
14 53 158 49 19.63 23.80 
15 50 158 58 23.23 23.46 
16 49 153 43 18.37 22.20 
17 50 149 56 25.22 17.73 
18 51 144 43 20.74 22.63 
19 57 150 55 24.44 11.95 
20 49 155 65 27.06 21.67 
21 55 160 53 20.70 22.15 
22 60 160 77 30.08 15.23 
23 58 156 57 23.42 17.54 
24 59 158.5 69 27.47 13.97 
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Table A The Physical Characteristics of Volunteers (continue) 
 
Number Age Height (c.m.) Weight (k.g.) BMI (kg/m2) VO2peak (mL/kg/min) 

25 57 165 70 25.71 15.86 
26 52 147.5 54 24.82 22.93 
27 47 163 49 18.44 20.50 
28 50 155 56 23.31 16.36 
29 58 158 56 22.43 22.91 
30 48 152 52 22.51 15.00 
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APPENDIX B 
 

Table B I Nitrite Concentration in Serum 
 
Number Control phase Exercise phase Protocol final testing 

  
Pre  

VO2peak 
Post 

VO2peak 
Pre 

VO2peak 
Post 

VO2peak 
Pre 

VO2peak 
Post 

VO2peak 
1 0.07 0.00 0.07 0.00 0.33 0.00 
2 6.86 7.11 0.00 0.00 6.23 6.85 
3 8.11 14.07 13.06 3.23 0.00 0.00 
4 1.94 1.61 0.00 2.72 0.00 0.00 
5 0.07 0.00 0.07 0.20 0.20 0.27 
6 0.71 0.68 0.68 1.09 0.16 1.22 
7 0.79 0.25 0.62 0.62 1.02 1.25 
8 0.00 0.16 1.71 0.16 1.02 1.55 
9 1.48 0.62 1.02 0.24 0.86 2.14 
10 2.62 0.00 1.02 0.16 1.71 0.00 
11 1.02 0.79 0.16 0.00 1.25 0.00 
12 1.71 2.40 3.78 0.48 1.48 0.00 
13 1.90 0.95 0.06 0.00 0.00 0.00 
14 0.00 0.25 2.77 4.25 2.02 3.25 
15 0.00 0.00 3.07 3.45 0.57 0.77 
16 3.36 0.32 0.00 0.00 0.00 0.00 
17 1.43 0.00 0.00 0.00 0.00 0.00 
18 0.00 0.00 0.00 0.48 0.00 0.25 
19 0.62 0.00 0.00 0.00 0.92 0.00 
20 0.32 1.23 3.04 0.62 1.53 0.57 
21 3.94 1.83 5.46 3.04 3.64 2.74 
22 0.42 0.40 0.67 0.26 0.15 0.40 
23 0.00 0.13 0.02 0.15 0.67 0.00 
24 0.02 0.00 0.00 0.13 0.29 0.00 
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Table B I Nitrite Concentration in Serum (continue) 
 

Number Control phase Exercise phase Protocol final testing 
Pre Post Pre Post Pre Post 

  VO2peak VO2peak VO2peak VO2peak VO2peak VO2peak 

25 0.79 0.00 0.67 0.00 0.02 0.00 
26 0.06 5.39 2.20 2.01 6.43 0.00 
27 0.38 0.00 0.32 0.00 0.27 0.00 
28 0.00 0.00 0.68 1.76 0.12 0.00 
29 0.51 0.00 0.51 1.08 0.71 2.40 
30 1.55 0.00 0.00 0.25 0.00 0.00 
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Table B II Nitrate Concentration in Serum 
 
Number Control phase Exercise phase Protocol final testing 

Pre Post Pre Post Pre Post 

  VO2peak VO2peak VO2peak VO2peak VO2peak VO2peak 

1 35.38 42.94 19.78 29.69 17.56 24.04 
2 63.84 51.60 87.89 88.46 32.67 31.02 
3 47.61 44.84 43.27 45.44 65.42 71.78 
4 68.73 69.72 83.82 73.70 40.89 40.86 
5 14.98 33.12 64.51 64.94 17.10 18.48 
6 6.49 10.70 13.45 20.12 8.61 7.03 
7 12.83 30.91 54.70 55.28 35.14 45.25 
8 10.75 61.67 12.49 15.31 16.09 23.11 
9 15.63 11.02 25.50 20.94 47.27 48.93 
10 15.12 19.43 75.33 83.51 10.87 15.36 
11 12.95 25.03 12.18 13.27 41.18 17.57 
12 22.14 28.41 9.37 12.46 82.08 84.25 
13 5.80 5.14 60.39 57.91 21.43 19.29 
14 71.07 70.85 6.99 5.29 12.81 7.26 
15 9.37 12.55 4.58 4.48 12.42 16.43 
16 15.72 15.40 10.30 10.57 42.70 39.40 
17 9.27 11.63 8.58 6.99 8.71 9.11 
18 21.94 24.45 8.98 6.20 31.72 33.13 
19 5.93 6.30 18.79 18.92 17.36 14.36 
20 6.23 9.49 5.91 6.69 8.68 9.89 
21 25.19 25.54 30.74 31.39 63.58 51.12 
22 19.56 12.78 15.63 14.57 23.64 24.54 
23 7.93 8.16 7.86 8.77 51.94 48.23 
24 8.20 7.07 9.38 10.30 13.58 11.80 
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Table B II Nitrate Concentration in Serum (continue) 
 
Number Control phase Exercise phase Protocol final testing 

Pre Post Pre Post Pre Post 

  VO2peak VO2peak VO2peak VO2peak VO2peak VO2peak 

25 9.27 12.95 6.98 6.84 8.09 7.76 
26 45.04 36.90 4.81 6.88 5.27 6.43 
27 19.87 18.15 29.43 28.22 21.23 37.75 
28 14.39 8.07 13.95 12.49 13.22 9.83 
29 28.18 35.73 27.13 26.92 34.19 27.93 
30 30.66 33.62 11.75 14.50 11.70 9.70 
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APPENDIX C 
 

Table C I The Level of Lipid Profiles Pre and Post VO2peak Test at Baseline  
or Control Phase 

 
  Pre VO2peak Post VO2peak 
Number TC TG HDL-C LDL-C TC TG HDL-C LDL-C 

  mg/dL mg/dL mg/dL mg/dL mg/dL mg/dL mg/dL mg/dL 
1 263 131 66 184 266 144 70 185 
2 196 71 70 123 213 81 74 146 
3 199 40 86 111 207 50 89 113 
4 242 86 68 157 243 71 68 166 
5 246 97 66 157 262 103 69 162 
6 259 83 60 176 281 101 67 200 
7 240 179 44 165 256 193 51 173 
8 218 200 45 161 245 225 50 178 
9 232 93 56 170 235 98 58 172 
10 191 87 61 113 210 100 60 122 
11 294 238 58 216 298 284 60 221 
12 208 66 79 131 225 80 83 141 
13 202 127 106 90 224 141 124 98 
14 214 83 88 137 221 71 92 139 
15 173 106 57 113 188 112 67 127 
16 286 55 76 218 292 58 78 202 
17 183 58 61 113 183 57 62 117 
18 247 70 68 168 257 73 71 177 
19 249 73 56 184 258 79 59 187 
20 253 140 68 177 279 153 74 191 
21 243 62 89 155 260 65 86 165 
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Table C I The Level of Lipid Profiles in Pre and Post VO2peak Test at Baseline  
or Control Phase (continue) 

 
  Pre VO2peak Post VO2peak 
Number TC TG HDL-C LDL-C TC TG HDL-C LDL-C 

  mg/dL mg/dL mg/dL mg/dL mg/dL mg/dL mg/dL mg/dL 

22 198 89 53 137 215 101 56 149 
23 215 81 72 144 232 91 80 156 
24 210 138 69 127 228 159 75 136 
25 187 83 67 102 196 86 70 107 
26 209 68 85 109 222 67 89 112 
27 177 65 72 90 192 71 79 99 
28 220 146 74 117 235 157 78 124 
29 215 83 64 132 221 86 67 133 
30 206 48 85 111 217 52 113 91 
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Table C II The Level of Lipid Profiles Pre and Post VO2peak Test at Exercise Phase 
 
  Pre VO2peak Post VO2peak 
Number TC TG HDL-C LDL-C TC TG HDL-C LDL-C 

  mg/dL mg/dL mg/dL mg/dL mg/dL mg/dL mg/dL mg/dL 
1 269 92 63 178 280 114 70 205 
2 199 90 66 115 218 100 71 124 
3 203 41 80 124 225 45 93 132 
4 234 98 65 155 248 97 68 162 
5 273 120 63 188 286 135 66 206 
6 206 110 59 144 223 141 64 155 
7 222 172 44 163 233 181 50 170 
8 228 262 47 163 259 294 57 186 
9 233 59 60 174 239 64 61 193 
10 190 87 89 105 175 80 86 95 
11 290 218 74 207 309 227 79 214 
12 231 61 70 163 253 75 76 175 
13 200 155 100 96 232 171 110 109 
14 199 86 75 122 207 92 82 131 
15 219 76 68 119 201 94 77 128 
16 320 69 83 224 343 85 86 268 
17 195 54 68 122 201 53 70 125 
18 236 58 79 155 249 64 83 163 
19 213 68 39 158 228 77 41 169 
20 240 162 59 157 260 163 65 171 
21 226 58 85 141 253 65 94 155 
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Table C II The Level of Lipid Profiles in Pre and Post VO2peak Test at Exercise Phase 
(continue) 

 
  Pre VO2peak Post VO2peak 
Number TC TG HDL-C LDL-C TC TG HDL-C LDL-C 

  mg/dL mg/dL mg/dL mg/dL mg/dL mg/dL mg/dL mg/dL 
22 214 121 62 145 221 132 65 151 
23 206 112 60 119 223 147 63 129 
24 241 94 74 153 256 103 78 162 
25 202 84 66 114 209 81 69 118 
26 224 68 84 120 226 77 86 121 
27 195 67 78 102 200 69 79 105 
28 188 113 54 110 198 123 57 114 
29 202 93 61 120 216 106 66 127 
30 216 60 87 115 215 59 88 116 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

61

Table C III The Level of Lipid Profiles Pre and Post VO2peak Test at Protocol Final 
Testing  

 
  Pre VO2peak Post VO2peak 
Number TC TG HDL-C LDL-C TC TG HDL-C LDL-C 

  mg/dL mg/dL mg/dL mg/dL mg/dL mg/dL mg/dL mg/dL 
1 227 92 64 145 248 102 70 159 
2 198 105 76 105 207 123 80 109 
3 227 48 85 124 242 50 95 132 
4 216 76 63 152 236 73 66 156 
5 208 135 62 139 220 143 66 153 
6 267 76 74 187 275 85 80 194 
7 232 157 46 171 242 166 50 177 
8 236 182 50 169 253 199 55 185 
9 224 68 55 165 234 79 57 167 
10 178 71 77 104 197 87 83 116 
11 259 107 79 178 270 114 87 186 
12 225 47 69 163 249 52 84 174 
13 205 121 108 97 231 138 111 111 
14 208 71 79 119 208 87 85 126 
15 180 85 53 110 192 93 57 116 
16 334 66 86 239 357 73 93 254 
17 201 43 71 128 204 39 73 129 
18 223 55 71 144 221 59 72 142 
19 227 72 54 166 238 76 57 170 
20 279 134 75 195 295 140 78 196 
21 248 70 89 159 253 67 93 161 
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Table C III The Level of Lipid Profiles Pre and Post VO2peak Test at Protocol Final 
Testing (continue) 

 
  Pre VO2peak Post VO2peak 
Number TC TG HDL-C LDL-C TC TG HDL-C LDL-C 

  mg/dL mg/dL mg/dL mg/dL mg/dL mg/dL mg/dL mg/dL 
22 213 74 66 150 219 79 68 158 
23 194 78 68 117 211 96 72 126 
24 235 149 77 128 238 153 79 130 
25 182 65 69 101 191 69 71 106 
26 230 73 88 125 246 78 94 128 
27 201 46 79 108 209 53 84 113 
28 219 81 69 123 239 91 77 130 
29 202 39 68 123 211 48 72 123 
30 209 53 92 110 213 56 94 111 
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APPENDIX D 
 

The Case Report Form (CRF)  
 
Subject initial……………………. 
Subject number………………….. 
 
 
 
 
 
 
 
 

Study name 
  

Effect of short term exercise on serum nitrite/nitrate concentration  
in postmenopausal women 

 
 
 
 
 
 
 
 

Principle Investigator name 
 

Miss Sukanya  Eksakulkla 
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Screening visit 
 
 Date…………. 
Subject initial…………………….  
Subject number………………….. 
 
 Inclusion Criteria 
 Yes No 
1. สตรีวัยหมดระดูอยางนอย 1 ป            
2. อายุ 40-60 ป   
3. มีสุขภาพดีสามารถออกกําลังกายตามโปรแกรมที่กําหนดเอาไวได   
4. ไมเคยไดรับฮอรโมนทดแทนหรือเคยไดรับกอนเขารวมการศึกษา   
    อยางนอย 6 เดือน 
5. ยินยอมเขารวมศึกษาวิจัยดวยความเต็มใจ   
 
            Exclusion Criteria 
  Yes No 
1. เคยไดรับการตัดรังไขทั้ง 2 ขาง    
2. มีความดันเลือดสูง (ความดันเลือดขณะพักมากกวา 160/90 มม.ปรอท)   
   หรือไดรับยาลดความดัน 
3. เปนโรคเบาหวาน   
4. ผูปวยโรคหัวใจ   
5. ระดับโคเลสเตอรอลมากกวา 300 มิลลิกรัม/เดซิลิตรหรือ   
   ไดรับยาลดไขมันในเลือด 
6. ระดับไตรกลีเซอไรดมากกวา 400 มิลลิกรัม/เดซิลิตร   
7. Body mass index  (BMI) มากกวา 30 กิโลกรัม/เมตร2    
8. ออกกําลังกายเปนประจําอยางนอย 2 คร้ัง/สัปดาห  นาน 20 นาที/คร้ัง   
    เปนเวลาติดตอกัน 1 สัปดาหขึ้นไปกอนเขารวมการศึกษา  
9. ไมสามารถออกกําลังกายตอเนื่องตามที่กําหนดไวได   
 
 
Investigator’s signature………………………… 
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Baseline visit 
 Group………… 
 Date………….. 
Subject initial…………………….  
Subject number………………….. 
 
 สวนสูง............................cm. 
 น้ําหนัก........................….kg. 
 Resting heart rate………………..beat/min 
 BP……………………..mmHg 
 
ผลการตรวจทางหองปฏิบัติการ 
Lipid profile หนวย 
 Total Cholesterol ……………….. mg/dL 
 Triglyceride ……………….. mg/dL 
 HDL-C ……………….. mg/dL 
 LDL-C ……………….. mg/dL 
  
Nitric oxide 
 Nitrite ……………….. µmol/L 
 Nitrate ……………….. µmol/L 
 
VO2peak ……………….. mL/kg/min 
  50% VO2peak ……………….. mL/kg/min 
 65% VO2peak ………………..      mL/kg/min 
 
 
Investigator’s signature………………………… 
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Data during exercise 
 
 Group………… 
Subject initial…………………….  
Subject number………………….. 
 
  
  วันที่ 1 วันที่ 2 วันที่ 3 วันที่ 4 วันที่ 5 
น้ําหนัก (kg)           
resting HR (beat/min)           
BP (mmHg)           
intensity (% VO2peak)           
 
 
  วันที่ 6 วันที่ 7 วันที่ 8 วันที่ 9 วันที่ 10 
น้ําหนัก (kg)           
resting HR (beat/min)           
BP (mmHg)           
intensity (% VO2peak)           
 
 
 
Investigator’s signature………………………… 
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Last visit 
 Group………… 
 Date………….. 
Subject initial…………………….  
Subject number………………….. 
 
  
ผลการตรวจทางหองปฏิบัติการ 
Lipid profile หนวย 
 Total Cholesterol ……………….. mg/dL 
 Triglyceride ……………….. mg/dL 
 HDL-C ……………….. mg/dL 
 LDL-C ……………….. mg/dL 
  
Nitric oxide 
 Nitrite ……………….. µmol/L 
 Nitrate ……………….. µmol/L 
 
VO2peak ……………….. mL/kg/min 
  50% VO2peak ……………….. mL/kg/min 
 65% VO2peak ………………..      mL/kg/min 
 
 
Investigator’s signature………………………… 
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Study summary 
 Group………… 
 Date………….. 
Subject initial…………………….  
Subject number………………….. 
 
การนัดหมายครั้งนี้เปนครั้งสุดทายเพราะ 
         การเก็บขอมูลครบถวนสมบูรณ 
   ไมสามารถเก็บขอมูลไดครบถวนสมบูรณ  เนื่องจาก 
  อาสาสมัครมีความประสงคจะออกจากการศึกษา 
  อาสาสมัครไมมาตามนัด  และไมสามารถติดตอได 
  อาสาสมัครไมสามารถมาตามนัดได 
 เนื่องจาก
………………………………………………………………………………………………………
………………………………………………………………………………………………………
……………………………………………………………………………………………………… 
  
 
Investigator’s signature………………………… 
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ประวัติความเจ็บปวยระหวางการศึกษา 
 Group………… 
 Date………….. 
Subject initial…………………….  
Subject number………………….. 
 
 

Diagnosis อาการ เร่ิมวันที่ ระยะเวลา (วัน) การรักษา 
          
          
          
          

 
 
Investigator’s signature………………………… 
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APPENDIX E 
 

เอกสารชี้แจงขอมูล/คําแนะนําแกผูเขารวมโครงการ 
(Patient Information Sheet) 

 
ชื่อโครงการ   ผลของการออกกําลังกายระยะสั้นตอความเขมขนไนไตรท/ไนเตรตในซีรัม 
                    ในหญิงวัยหมดระดู 
                    Effect of short term exercise on serum nitrite/nitrate concentration  
                    in postmenopausal women 
                                                                                      
ชื่อผูวิจัย        นางสาวสุกัญญา  เอกสกุลกลา ผูวิจัย 
                      รองศาสตราจารยแพทยหญิงธาดา  สืบหลินวงศ อาจารยที่ปรึกษาโครงการวิจัย 
                      ศาสตราจารยนายแพทยนิมิต    เตชไกรชนะ       อาจารยที่ปรึกษาโครงการวิจัยรวม 
 
แพทยหรือผูดูแลที่ติดตอได 

1. รองศาสตราจารยแพทยหญิงธาดา  สืบหลินวงศ  ภาควิชาชีวเคมี  
   คณะแพทยศาสตร จุฬาลงกรณมหาวิทยาลัย  โทรศัพท  (02) 256-4482  
   (ที่ทํางาน)               

 2.   ศาสตราจารยนายแพทยนิมิต  เตชไกรชนะ  ภาควิชาสูติศาสตร-นรีเวชวิทยา   
      คณะแพทยศาสตร จุฬาลงกรณมหาวิทยาลัย  โทรศัพท  (02) 256-4163 ตอ 218   
                         (ที่ทํางาน)                                 
 3.   นางสาวสุกัญญา  เอกสกุลกลา  สาขาเวชศาสตรการกีฬา  ภาควิชาสรีรวิทยา     
                          คณะแพทยศาสตร จุฬาลงกรณมหาวิทยาลัย  โทรศัพท  (02) 256-4267 
                             
สถานที่วิจัย ภาควิชาสรีรวิทยา  คณะแพทยศาสตร  จุฬาลงกรณมหาวิทยาลัย 
                      Wellness Center  ตึก อปร. ชั้น 6 โรงพยาบาลจุฬาลงกรณ 
 
ความเปนมาของโครงการ 
 โรคหัวใจและหลอดเลือด (cardiovascular disease) เปนปญหาหนึ่งที่พบมากขึ้นในหญิง
วัยหมดระดูโดยอาจจะเกี่ยวของกับความผิดปกติในการทํางานของเอนโดธีเลียม ซึ่งเปนผลจาก
ฮอรโมนเอสโตรเจนที่ลดลงรวมกับความเสื่อมจากการที่มีอายุมากข้ึน ในภาวะปกติเอนโดธีเลียมมี
บทบาทสําคัญตอการปรับความตึงและโครงสรางของหลอดเลือด ตลอดจนสราง relaxing factor 
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คือ ไนตริกออกไซด ซึ่งทําหนาที่ปกปองหลอดเลือดไมใหเกิดการเปลี่ยนแปลงที่นําไปสูภาวะหลอด
เลือดแดงแข็ง (atherosclerosis) และการเกิดลิ่มเลือดที่ทําใหเสนเลือดอุดตัน (thrombosis) ได 
โดยมีการศึกษายืนยันวาการออกกําลังกายเปนประจําสามารถชะลอการเสื่อมหรือการ         
เปลี่ยนแปลงตามอายุของเอนโดธีเลียมได  นั่นคือลดปจจัยเสี่ยงของการเกิดโรคหัวใจและหลอด
เลือดได  จึงเปนที่นาสนใจวาการออกกําลังกายในชวงระยะเวลาสั้น ๆ จะมีผลสามารถเพิ่มความ
เขมขนไนไตรท/ไนเตรตในซีรัม (ไนไตรท/ไนเตรตในซีรัมเปนตัวบงชี้ถึงการสังเคราะหไนตริกออกไซด
ทางออม) ในหญิงไทยวัยหมดระดูไดหรือไม   
วัตถุประสงค   เพื่อศึกษาผลของการออกกําลังกายที่ความหนักปานกลางเปนเวลา 10 วัน        
ติดตอกันตอการเปลี่ยนแปลงความเขมขนไนไตรท/ไนเตรตในซีรัมในหญิงวัยหมดระดู           
               
รายละเอียดที่จะปฏิบัติตอผูเขารวมโครงการ 
1. ทานจะไดรับการสัมภาษณโดยผูวิจัยเพื่อถามขอมูลทั่วไป  ประวัติความเจ็บปวยในอดีต  ความ

เจ็บปวยปจจุบัน  ประวัติการใชฮอรโมนทดแทน  และประวัติการรับประทานยาที่ใชเปนประจํา   
2. ทานจะได รับการทดสอบและประเมินรางกายที่ โรงพยาบาลจุฬาลงกรณ รวม  3 คร้ัง       

ประกอบดวยการวัดอัตราการเตนของหัวใจ ความดันเลือด ทดสอบความสามารถในการใช
ออกซิเจนสูงสุด และเก็บตัวอยางเลือดเพื่อนําไปวิเคราะหความเขมขนไนไตรท/ไนเตรตและ    
ไขมันในเลือด  โดยที่ทานจะไดรับการเจาะเลือดกอนและหลังการทดสอบรวมทั้งหมด 6 คร้ัง                        
(คร้ังละ 8 มิลลิลิตร  ประมาณ 1 ชอนโตะ)  ปริมาณเลือดนี้ไมทําใหทานเกิดภาวะโลหิตจางแต
อยางไร    

3. ทานจะไดเขารวมโปรแกรมออกกําลังกายรวม 10 วัน ขั้นตอน คือ ทานจะไดรับการทดสอบและ
ประเมินรางกายครั้งที่ 1 และหยุดพัก 10 วัน และตอมาไดรับการทดสอบและประเมินรางกาย
คร้ังที่ 2 และเขาโปรแกรมการออกกําลังกายโดยการปนจักรยานหรือเดินบนลูวิ่งที่ความหนัก
ระดับปานกลาง 30 นาทีตอวัน เปนจํานวน 10 วันติดตอกันและหลังสิ้นสุดโปรแกรมในวัน    
ถัดไปทานไดรับการทดสอบและประเมินรางกายครั้งที่ 3 เปนอันสิ้นสุดโครงการ 

 
ประโยชนและผลขางเคียงที่จะเกิดแกผูเขารวมโครงการ 
1. ทานจะไดรับการทดสอบรางกายและตรวจทางหองปฏิบัติการเพื่อประเมินสมรรถภาพทางกาย 
2. ทานจะไดรับการตรวจและเฝาระวังอยางดีในระหวางที่ทําการทดสอบดวยการออกกําลังกาย 
3. ทานอาจจะไดรับความเจ็บปวดจากการเจาะเลือดบางเล็กนอย    แตอยางไรก็ตามพยาบาลที่

เจาะเลือดจะดูแลและใหคําแนะนําทานเปนอยางดี 
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4. ทานอาจจะมีอาการปวดเมื่อยบางหลังออกกําลังกาย โดยผูวิจัยจะแนะนําหรืออธิบายการอบ
อุนรางกายใหกระจางชัดและอยูภายใตการดูแลจากผูทําการวิจัยอยางใกลชิด 

การเก็บขอมูลเปนความลับ 
 ผูวิจัยขอยืนยันวา ขอมูลเกี่ยวกับตัวทานจะถูกเก็บไวเปนความลับ และจะใชสําหรับ     
งานวิจัยนี้เทานั้น และชื่อของทานจะไมปรากฏในแบบฟอรมการเก็บขอมูลและในฐานขอมูลทั่วไป 
ผูวิจัยจะสรางใชฐานขอมูลลับที่มีชื่อของทานไวตางหาก โดยมีผูวิจัยเพียงทานเดียวเทานั้นที่ทราบ
รายละเอียดของขอมูลนี้ 

ผูวิจัยขอกราบขอบพระคุณทานท่ีใหความรวมมือมาเขาโครงการวิจัย และขอใหทาน
ตระหนักวา ไมวาทานจะเขารวมโครงการนี้หรือไมก็ตามจะไมมีผลตอการรักษาพยาบาลที่จะไดรับ
จากโรงพยาบาลนี้และเมื่อทานเขารวมโครงการนี้แลวทานสามารถออกจากโครงการไดทุกเวลาเมื่อ
ทานตองการโดยแจงใหผูวิจัยทราบกอน  
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ใบยินยอมเขารวมการวิจัย (Consent form) 
 
 การวิจัยเรื่อง ผลของการออกกําลังกายระยะสั้นตอความเขมขนไนไตรท/ไนเตรตในซีรัม 
                               ในหญิงวัยหมดระดู 
                       

วันใหคํายินยอม   วันที่ ................... เดือน.......................พ.ศ.............................. 
 
กอนที่จะลงนามในใบยินยอมใหทําการวิจัยนี้  ขาพเจาไดรับการอธิบายจากผูวิจัยถึง   

วัตถุประสงคของการวิจัย  วิธีการวิจัย  อันตราย  หรืออาการที่อาจเกิดขึ้นจากการวิจัย  รวมทั้ง   
ประโยชนที่เกิดขึ้นจากการวิจัยอยางละเอียด  และมีความเขาใจดีแลว 

ผูวิจัยรับรองวาจะตอบคําถามตางๆ ที่ขาพเจาสงสัยดวยความเต็มใจไมปดบังซอนเรนจน
ขาพเจาพอใจ 

ขาพเจามี สิทธิที่จะบอกเลิกการเขารวมในโครงการวิจัยนี้ เมื่อใดก็ได   และเขารวม         
โครงการวิจัยนี้  โดยสมัครใจ  และการบอกเลิกการเขารวมการวิจัยนี้  จะไมมีผลตอการรักษาโรคที่
ขาพเจาจะพึงไดรับตอไป 

ผูวิจัยรับรองวาจะเก็บขอมูลเฉพาะเกี่ยวกับตัวขาพเจาเปนความลับ  และจะเปดเผยได
เฉพาะในรูปที่เปนสรุปผลการวิจัย  การเปดเผยขอมูลเกี่ยวกับตัวขาพเจาตอหนวยงานตางๆ ที่ 
เกี่ยวของกระทําไดเฉพาะกรณีจําเปน  ดวยเหตุผลทางวิชาการเทานั้น 

ขาพเจาไดอานขอความขางตนแลว  และมีความเขาใจดีทุกประการ  และไดลงนามในใบ
ยินยอมนี้ดวยความเต็มใจ 

 
 
 ลงนาม..................................................................…….....ผูยินยอม 
 (...................................................................................…....……...) 
 
 ลงนาม.........................................................................…........พยาน 
 (.................................................................................................….) 
 
 ลงนาม.................................................................................ผูทําวิจัย   
 (......................................................................................................) 
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