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Project title: Effects of Interval Aerobic Training on Age-Associated Endothelial Function 
in the Youngs and Elderlies 
 
Principal investigator:  Witid Mitranun, Department of Sport Science, Faculty of Physical 
Education, Srinakhariwirot University, Thailand 
 
Abstract: 

Aging is one of the major causes for the pathogenesis of cardiovascular disease. The 
mechanism of disease is through the endothelial dysfunction by the increment of oxidative 
stress, decreased flow-mediated dilatation (FMD) and increased pulse wave velocity ( PWV) . 
Exercise training, a non-pharmacological therapeutic option, has shown to improve endothelial 
function. Habitual exercise shows the significant enhancement of vascular function. However, 
the effects of exercise on age-related endothelial function in the youngs and elderlies are still 
unclear. In this study, we selected the interval aerobic exercise ( INT)  program and measure 
various vascular parameters before the training, 12 weeks after training, 4 weeks of detraining, 
and 6 weeks of detraining. Therefore, subjects were separated into four groups: SED-elderly = 
Sedentary elderly subjects, INT-elderly = Elderly subjects perform the interval aerobic training, 
SED-young = Sedentary young subjects, and INT-young = Elderly subjects perform the interval 
aerobic training. 

Both SED-elderly and INT-elderly groups showed similar results in all parameters at 
baseline. And also, the similarity was observed at baseline in both SED-young and INT-young 
groups. However the elderly group ( SED-elderly and INT-elderly)  showed the significant 
difference in all parameters at baseline as compared to the young group (SED-young and INT-
young). After 12 weeks of interventions, both the INT-elderly and the INT-young groups showed 
the decrement of body fat, systolic blood pressure, diastolic blood pressure, mean arterial 
pressure, brachial-ankle pulse wave velocity ( baPWV) , carotid intima-media thickness ( IMT) , 
and malondialdehyde, in the similar way as the increment of maximal O2 consumption, Knee 
flexion muscular strength, knee flexion muscular strength, flow-mediated dilatation and nitric 
oxide. But only INT-elderly group had a significant decrease in body mass, and body mass 
index. Interestingly, both the INT-elderly and the SED-young group demonstrated the equality of 
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body mass index, systolic blood pressure, diastolic blood pressure, mean arterial pressure, 
maximal O2 consumption, baPWV and malondialdehyde at 12 weeks of the exercise program. 

At the detraining phase, the INT-elderly showed the improvement of flow-mediated 
dilatation, baPWV, and nitric oxide at 12 weeks and a month of detraining and the value of these 
parameters return to the baseline at 6 weeks of detraining. Only the enhancement of baPWV 
value in the INT-elderly could maintain even after 6 weeks of detraining. In the INT-young group, 
flow-mediated dilatation, baPWV, and nitric oxide return to baseline after 4 weeks of detraining. 
In addition, the percent change of flow-mediated dilation, nitric oxide, baPWV, and 
malondialdehyde were higher in the INT-elderly group. 

We conclude that interval aerobic training is an effective program for improving health-
related physical fitness and age-associated endothelial function in the youngs and elderlies. 
The potential of the training is to reverse in some parameters of endothelial dysfunction in older 
age to same level as young age individuals and can maintain endothelial function after 
detraining. This study will be beneficial to recommend interval aerobic exercise program as  a 
treatment for the improvement the endothelial function in the process of aging. 

Keyword:  Flow mediated dilatation, Oxidative stress, Pulse wave velocity, Interval 
aerobic training, Aging, Endothelial dysfunction 

 Research area:  Sport Science 
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Executive Summary 
 

โครงการ ผลของการฝึกแอโรบิกแบบหนกัสลบัเบาท่ีมีตอ่การเส่ือมของเซลล์บผุนงัหลอดเลือดตาม
อายใุนกลุ่มคนอายุน้อยและผู้สงูอายุ เป็นการศึกษาผลของการฝึกแอโรบิกแบบหนกัสลบัเบาท่ีมีตอ่หน้าท่ี
การท างานของเซลล์บุผนังหลอดเลือดในกลุ่มคนอายุน้อยและผู้ สูงอายุ การศึกษาในครัง้นีเ้ป็นการ
แก้ปัญหาการเส่ือมของเซลล์บุผนังหลอดเลือดตามอายุโดยใช้โปรแกรมการออกก าลังกายท่ีผู้ วิจัยได้
ออกแบบขึน้มา นอกจากนีย้ังศึกษาผลของการคงอยู่ภายหลังจากการหยุดออกก าลังกายท่ีส่งผลต่อ
สมรรถภาพร่างกายและหน้าท่ีการท างานของเซลล์บผุนงัหลอดเลือด  

การศึกษาครัง้นีเ้ก็บข้อมูลในกลุ่มวยัรุ่นและกลุ่มผู้สูงอายุ โดยแบง่การการทดลองออกเป็น 4 กลุ่ม
ดงันี ้

1. กลุม่คนอายนุ้อยท่ีเป็นกลุม่ควบคมุ 
2. กลุม่คนอายนุ้อยท่ีน ามาฝึกแอโรบกิแบบหนกัสลบัเบา 
3. กลุม่ผู้สงูอายท่ีุเป็นกลุม่ควบคมุ 
4. กลุม่ผู้สงูอายนุ ามาฝึกแอโรบกิแบบหนกัสลบัเบา 

 
ภายหลังจากการเข้าร่วมโปรแกรมการฝึกแอโรบิกแบบหนักสลับเบาเป็นระยะเวลา 12 สัปดาห์

พบว่า สมรรถภาพทางกายในด้านต่างๆ และหน้าท่ีการท างานของเซลล์บุผนงัหลอดเลือดดีขึน้ทัง้ในกลุ่ม
คนอายนุ้อยและกลุ่มผู้สงูอาย ุนอกจากนีย้งัพบวา่ ผลจากการออกก าลงักายนีท้ าให้บางตวัแปรสมรรถภาพ
ทางกายและหน้าท่ีการท างานของเซลล์บผุนงัหลอดเลือดของผู้สงูอายุได้แก่ ดชันีมวลกาย, ความดนัโลหิต
ตวับน ความดนัโลหิตตวัล่าง ความดนัโลหิตเฉล่ีย ค่าการใช้ออกซิเจนสูงสุด ค่าการวดัความแข็งตวัของ
หลอดเลือด (Brachial-ankle pulse wave velocity; baPWV)  และมาลอนไดอัลดีไฮด์ สามารถพัฒนา
จนกระทัง่มีคา่เทียบเทา่กลุม่คนอายนุ้อยอีกด้วย 

ภายหลงัจากหยดุออกก าลงักายไป 4 สปัดาห์ หรือ 6 สปัดาห์ พบว่า บางตวัแปรของการวดัหน้าท่ี
การท างานของหลอดเลือดได้แก่ ไนตริกออกไซด์ และคา่การไหลของเลือดผา่นการขยายตวัของหลอดเลือด 
(Flow-mediated dilatation; FMD) สามารถคงสภาพของการพฒันาได้ 4 สปัดาห์ และบางตวัแปรของการ
วดัหน้าท่ีการท างานของหลอดเลือด ได้แก่ คา่การวดัความแข็งตวัของหลอดเลือ สามารถคงสภาพของการ
พัฒนาได้ถึง 6 สัปดาห์ และเป็นท่ีน่าสนใจว่าเปอร์เซ็นการพัฒนาของตัวแปรด้านหลอดเลือดในกลุ่ม
ผู้สงูอายอุนัเป็นผลมาจากการออกก าลงักายจะมีคา่ท่ีสงูกวา่กลุม่คนอายนุ้อย 
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ประโยชน์ท่ีได้จากงานวิจัยในครัง้นีคื้อ การเข้าใจกลไกการเปล่ียนแปลงของสมรรถภาพทาง
ร่างกายและหน้าท่ีของเซลล์บผุนงัหลอดเลือดในช่วงวยัท่ีแตกตา่งกนัอนัเป็นผลมาจากการฝึกแอโรบกิแบบ
หนกัสลบัเบา ทัง้นีเ้ราสามารถน าโปรแกรมการออกก าลงักายไปแนะน าให้กลุม่ผู้สงูอายหุรือผู้ มีอายนุ้อยให้
ปฏิบตั ิเพ่ือพฒันาหรือฟืน้ฟูสมรรถภาพทางร่างกายและหน้าท่ีการท างานของเซลล์บผุนงัหลอดเลือดได้ 
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Introduction  
Vascular endothelium is a simple squamous monolayer cells that lined inside the lumen 

of blood vessel and lymphatic vessel in the mosaic pattern. The crucial roles of endothelial cells 
are controlling of vascular tone and systemic blood pressure. Flow-mediated dilation (FMD) test  
is one of the noninvasive standard for assessing in vivo of endothelial-dependent vasodilation 
(Stoner et al., 2011), through the response to shear stress and cause the releasing of nitric 
oxide (NO), prostacyclin (PC) and endothelial-derived hyperpolarizing factor (EDHF) (Clifford 
and Hellsten, 2004). FMD can be measured by the changes of arterial diameter which 
monitored by high-resolution external vascular ultrasound in response to an increase in blood 
flow causing shear-stress during reactive hyperemia (sphygmomanometer cuff inflation and 
then deflation).  

Endothelial dysfunction can be induced by mechanical denudation, hemodynamic 
forces, immune complex deposition, irradiation, and chemicals (Betik et al., 2004) . Reactive 
oxygen species (ROS)  are chemicals that can induce endothelial injury while antioxidants can 
inhibit oxidative stress to the endothelial cells. Endothelial dysfunction is an early event of the 
atherosclerotic process which associated with increased pulse wave velocity (PWV), an 
indicator of arterial stiffness ( van Popele et al., 2001)  and low magnitude of FMD (Betik et al., 
2004) . Clinically, PWV and FMD can be used as indicators for cardiovascular diseases, 
cerebrovascular diseases, congestive heart failure and their mortality risks (Brunner et al., 2005; 
Laurent et al., 2001; Mitchell et al., 2010). 

Aging is one of the major factors for the development of endothelial dysfunction (Lakatta 
and Levy, 2003) . Old age individuals have vascular stiffness, loss of vascular elasticity and 
having vascular endothelial dysfunction (Santos-Parker et al., 2014). The increment of PWV and 
the decrement of FMD can be observed in advancing age even in adults without any significant  
cardiovascular disease (Eskurza et al., 2004; Lakatta and Levy, 2003). The mechanism of aging 
in vascular changes can be explained by oxidative stress of increased superoxides resulted in 
collagen deposition, fragmentation of elastin, protein oxidation and formation of advanced  
glycation end products  (Santos-Parker et al., 2014) 

Aerobic exercise training, a non-pharmacological therapeutic option, has shown to 
improve endothelial function and inhibited the pathologic change of arterial stiffness (Fleenor et 
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al., 2013; Santos-Parker et al., 2014). In old age persons, aerobic exercise showed the superior 
arterial compliance over the sedentary persons in the age and sex matched individuals (Santos-
Parker et al., 2014) . A recent cross sectional study of an endurance exercise training in the 
middle age and old age subjects have also shown the results of the lower PWV and the higher 
FMD ( Santos-Parker et al., 2014) . Considering potential of aerobic exercise, it is stated that 
habitual moderate intensity can improve the age-related vascular function (Santos-Parker et al., 
2014; Xia et al., 2012). Interval aerobic exercise training, intermittent bout of high intensity, have 
emerged for recent years and have shown the notable results on endothelial function compared 
to continuous of moderated aerobic exercise training in patients with heart failure (Wisloff et al., 
2007) , metabolic syndrome (Tjonna et al., 2008) , and type 2 diabetes (Mitranun et al., 2014) . 
However, there is no known significant scientific study of the effects of interval aerobic exercise 
on age-related endothelial function. This is the interesting question to study the endothelial 
effects on different age groups; young and older. We decided to select our previous exercise 
program which is an unique interval aerobic exercise training program (Mitranun et al., 2014) to 
apply in the present study of age-related endothelial function. The purposes of our study are for 
avoiding endothelial dysfunction in acute exercise and the progressive step up process of 
exercise to achieve the most effective outcome. Acutely high exercise intensity normally 

contribute to a decrement of FMD ( Cosio‐Lima et al., 2006; Harris et al., 2008) . Thus, our 
program was designed to perform in moderate intensity in the first phase duration to avoid the 
acute effects of endothelial dysfunction. However, in some previous studies did not confirm this 
acute effect ( Tjonna et al., 2008; Wisloff et al., 2007) . In the later phases of this study, 
progressive program of the intensity and volume in second and third phases were added after 
vascular adaptation occurred in the first phase of exercise.  Accordingly, the purpose of the 
present study was to investigate the effects of interval aerobic exercise training on age-related 
endothelial function. We will also study the endothelial effects of detraining after completion of 
exercise program.  We hypothesize that interval aerobic training is a potent program sufficient 
for reversing the endothelial function in older age to same level as young age and might 
maintain endothelial function after detraining. This study will be beneficial to suggest interval 
aerobic exercise program as treatment of the endothelial aging process. 
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Conceptual Framework 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1 Conceptual framework 
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Objective  

 The aims of this study are to investigate 1) the effects of interval aerobic exercise 
training on various vascular parameters in different age group participants. 2) the potential 
effect of interval aerobic exercise training on maintaining vascular function in detraining period. 
 
Methodology 

-Participants 
 The participants consist of untrained and nonsmoking males from Srinakharinwirot 
University, Nakhon Nayok, Thailand. The inclusion criteria are including healthy males, ages 20-
30 years and 60-70 years and no previous exercise training in the past 6 months. All 
participants were free from any recent injuries, and had no history of cardiovascular and 
cerebrovascular diseases. The present study will be submitted for approving by the Ethics 
Committee of Srinakharinwirot University, Thailand and will be conducted according to the 
Helsinki Declaration.  An informed consent will be obtained from all participants. 
 There are 60 male participants in this study which consist of 30 participants, age ranged 
20-30 years and 30 participants, age ranged 60-70 years. The eligible participants in each age 
ranged group will be randomly allocated in equal numbers into 2 groups: control (sedentary) 
group which will not perform any exercise training and interval aerobic training ( INT)  group. 
Therefore, subjects were separated into four groups: 

1. SED-elderly = Sedentary elderly subjects 
2. INT-elderly = Elderly subjects perform the interval aerobic training 
3. SED-young = Sedentary young subjects 
4. INT-young = Elderly subjects perform the interval aerobic training 

The sampling is assigning subjects into control groups and exercise groups. The 
random assignment of subjects in control groups and exercise groups help to ensure that 
among all four groups will be in the homogeneous populations, (Figure 2). 
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Figure 2 Random assignment  

 

-Exercise training programs 
 The exercised participants undergo a 12-week training period, which involved 
exercising 3 days per week. Interval aerobic training (INT) program is assigned in each 
participants group of exercise. 

The interval exercise training (INT) program:  In the Phase 1, the participants warmed up 
gradually to achieve a 50% of the peak oxygen consumption (VO2 peak) within 5 min, 
maintained this intensity for 20 min, and 5 min for cooling down, giving a total time of 30 min. In 
the Phase 2, following the same warm-up to reach the 50% of VO2 peak within 5 min, the 
participants performed the interval of four 1-min high-intensity exercises at 80% of VO2 peak 
with a 4-min low-intensity exercise at 50% VO2 peak.  The exercise session was concluded with 
a 5-min cool-down period, giving a total session time of 30 min. In the Phase 3, all participants 
performed warming up to achieve a 60% of VO2 peak within 5 minutes, then performed the 
interval of six 1-min high-intensity exercise at 85% VO2 peak with a 4-min low-intensity exercise 
at 60% VO2 peak and a 5-min cool-down period, giving a total session time of 40 min.   
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Figure 3 Interval training program 
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-Measurements 
 Two hours after having breakfast, all participants are asked to measure the biological 
data, blood chemistry, brachial artery characteristics data, pulse wave velocity data and blood 
pressure data. Before and after 12-week interval aerobic exercise training period, all 
participants will be asked to measure these parameters and repeat all measurements in 
detraining period ( 4 weeks and 6 weeks after performing a 12-week interval aerobic exercise 
training) (Figure 3). 
 

Biological data; 
The participants are put in the supine position for at least 5 minutes as a resting period 

prior to the measurement. The blood pressure and heart rate will be measured with digital blood 
pressure ( Omron M2, Omron Healthcare Europe B.V., Hoofddorp, Netherland). The mean 
arterial pressure (MAP)  is calculated using the formula MAP=1 /3  x [systolic blood pressure – 
diastolic blood pressure] + diastolic blood pressure. 

Health-related physical fitness assessment; 
Fat mass, body fat and muscle mass are performed by using DEXA. Muscle strength is 

performed with weight machine ( Leg extension machine, Leg curl machine, Chest press 
machine and Lat machine, Nautilus, USA) , using one repetition maximum method (1RM) . The 
participants performed to lift the heaviest weigth only 1 time. Sit and reach box was used to 
assess body flexibility. Cardiovascular and respiratory fitness are assessed by Modified Bruce 
protocol in which the grade and intensity were increased every 3 minutes until exhaustion.  

 
Blood biochemistries; 
Blood samples are collected and centrifuged at 3500 rpm for 10 min at 4 °C for 

separation of erythrocytes and plasma. Malondialdehyde ( MDA)  is measured in erythrocytes 
with thiobarbituric acid reactive substances (TBAR) method. Nitric oxide (NO), as estimated 
by the total nitrite and nitrate concentrations  is measured in plasma with assay kit (Colorimetric 
nitric oxide assay kit).  
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Brachial artery characteristics data;  
Brachial artery characteristics data evaluate with the ultrasound equipment using the 

brachial artery occlusion on the right forearm. All participants are asked to rest in the supine 
position for 20 min and blood pressure cuff is placed around the right forearm throughout the 
measurement. The brachial artery characteristics are recorded longitudinally to antecubital 
fossa at 1 min baseline, 5 min occlusion and 3 min deflation (Corretti et al., 2002; Dhindsa et al., 
2008). At the occlusion period, the cuff is inflated to 50 mmHg above systolic blood pressure 
(Mitranun et al., 2014). In order to minimized the investigator bias in image analyses, computer-
bases analysis program (Brachial Analyzer, Medical Imaging Applications, Coralville, IA, USA) 
is used for analyzing changes on vascular diameter. Shear stress presented as shear rate is 
calculated by blood velocity/vascular diameter (Pyke et al., 2008). FMD is calculated using the 
equation FMD = (d2-d1) x 100/d1 when d1 is the average brachial artery diameter at baseline, 
d2 is the average brachial artery diameter post occlusion (Naidu et al., 2011). Brachial vascular 
conductance is calculated as brachial blood flow/mean arterial pressure. The brachial   vascular 
resistance is a reverse ratio of brachial vascular conductance. 

 
Pulse velocity data (Yang et al., 2013); 
Pulse wave velocity (PWV) method will be measured using a volume-plethysmographic 

device with four cuffs matched with oscillometric sensors, placed around the upper arms and 
ankles. Deflation phase, the pulse volume records of the bilateral brachial and tibial arteries are 
monitored. Oscillometric method is used to calculate the blood pressure of each lesion. 
Electrodes are placed on both wrists and a microphone is placed on the left edge of the 

sternum. Transit time (∆Tba) is monitored by a time delay between the feet of the wave at the 
two sites. The distance between the two sites of PWV is calculated by using the height of the 

paticipants and ∆Tba. 
Lb = 0.2195 × height of the paicipants (cm) - 2.0734 
La = 0.8129 × height of the participants (cm) + 12.328.  

PWV = (La–Lb) / ∆Tba  
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Scope of research 
There are 60 male participants in this study which consist of 30 participants, age ranged 

20-30 years and 30 participants, age ranged 50-60 years.  The participants in each age ranged 
are randomly allocated in equal numbers into 2 groups;  

-Sedentary control (SED) group which is not assign to perform any exercise training; 
n=15 

-Interval aerobic training (INT) group; n=15 
8.2 The variables used in the study are included; 
-Independent variable is interval aerobic training program. 

 -Dependent variables are biological variables, health-related physical fitness variables, 
blood biochemistry variables, brachial artery characteristics variables, and pulse wave velocity 
variables. 
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Figure 4 Procedures 

Young subjects (n=30) Older subjects (n=30) 

SED-young group 
(n=15) 

 

INT-young group 
(n=15) 

1st test before exercise 
Biological data, Health-related physical fitness, Brachial artery characteristics, Pulse wave 

velocity, Blood pressure 
 

12 weeks of INT program 

INT-elderly group 
(n=15) 

SED-elderly 
group (n=15) 

 

2nd test after exercise 
Biological data, Health-related physical fitness, Brachial artery characteristics, Pulse wave 

velocity, Blood pressure 
 

3rd test detraining phase 
Brachial artery characteristics, Pulse wave velocity, Blood pressure 

 

4 weeks after completion of INT program 

4th test detraining phase 
Brachial artery characteristics, Pulse wave velocity, Blood pressure 

 

6 weeks after completion of INT program 
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Equipment needed for the project 

Instrument used in the selection of the sample 
 1. The Patient/ Participant Information Sheet 

2. The Informed Consent Form 
3. The Physical Activity Readiness Questionnaire (PAR-Q) 
4. The general health history questionnaire 
Instrument for exercise training program 
1. Treadmill  
2. Heart rate monitor (Polar, Finland) 
Instrument for measuring biological data variables 
1. DEXA 
2. Digital blood pressure 
3. Heart rate monitor  
Instrument for measuring blood chemical data variables 
1. Centrifuge 
2. Freezer -40 oC  
Instrument for measuring physical fitness variables 
1. Cardiopulmonary gas exchange system  
2. Treadmill  
3. Leg extension machine  
4. Leg curl machine  
5. Chest press machine 
6. Lat machine  
7. Sit and reach box 
Instrument for measuring brachial characteristics variables 
1. Ultrasound equipment 
2. Brachial artery analyzer program 
Intrument for measuring pulse wave velocity variables 
1. Volume-plethysmographic device 
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Statistic methods 
 The results were expressed as mean+/-standard deviation. All the data were first 
checked with the tests of normality. Two-way (group × time) analysis of variance with repeated 
measures, followed by Tukey’s multiple comparison, was used to determine the significant 
differences among groups. A level of P<0.05 was considered to be a significant difference 
 
Results 
 Biological data at baseline of participants are shown in Table 1.  Age, Body mass, Body 
mass index, body fat, heart rate at rest, and blood pressure were higher in elderly group (n=26) 
as compare to young group (n=24). No significant difference of height was observed between 
groups 
  
Table 1.  Biological data at baseline of participant characteristics. 
 
 Young 

group 
Elderly  
group 

Number (n) 24 26 
Age (y) 22.6±0.7 67±4.8* 
Height (cm) 174±3.7 169±4.6 
Body mass (kg) 73.2±5.4 76.4±6.5* 
Body mass index (kg/m2) 24.2±1.1 26.7±0.9* 
Body fat (%) 19.6±1.1 27.4±1.4* 
Heart rate at rest 70.6±6.4 80.5±4.9* 
Systolic blood pressure (mmHg) 121.6±4.2 130.0±5.1* 
Diastolic blood pressure (mmHg) 77.5±3.2 86.0±4.3* 
Mean arterial pressure (mmHg) 92.5±2.7 98.5±3.4* 

 
Data are mean ± SD. * P<0.05 vs. Young group 
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Table 2.  Biological and health-related physical fitness data. 
 SED-eldery (n=13) INT-elderly (n=13) SED-young (n=12) INT-young (n=12) 

Pre Post Pre Post Pre Post Pre Post 
Body mass (kg) 76.9±6.2 77.2±7.1 75.9±6.8 71.3±7.0*† 73.4±5.4†‡ 73.0±6.1†‡ 73.0±5.3†‡ 72.8±6.5†‡ 
Body mass index (kg/m2) 26.5±0.9 26.9±1.4 26.9±1.0 24.8±1.7*† 24.4±1.2†‡ 24.0±1.0† 24.0±1.3†‡ 23.8±1.2† 
Body fat (%) 27.0±1.3 28.2±1.0 27.8±1.6 23.5±0.9*† 19.4±1.1†‡ 18.9±1.0†‡ 19.8±1.0†‡ 16.1±1.4*†‡# 
Heart rate at rest (bpm) 79.3±4.8 80.4±5.1 81.7±5.0 80.2±6.7 70.3±6.5†‡ 72.6±6.2†‡ 70.9±5.9†‡ 68.9±5.6†‡ 
Systolic blood pressure 
(mmHg) 

128.6±4.8 129.7±8.4 131.4±5.9 122.3±8.2*† 120.3±4.0†‡ 121.9±5.2† 122.9±5.3†‡ 116.9±6.1*†‡# 

Diastolic blood pressure 
(mmHg) 

88.3±4.0 87.9±5.6 83.7±4.7 76.9±6.2*† 76.9±3.0†‡ 78.8±5.6† 78.1±4.0†‡ 70.9±5.0*†‡# 

Mean arterial pressure 
(mmHg) 

98.8±3.0 101.8±6.1 98.2±4.1 92.6±5.0*† 92.6±2.7†‡ 93.4±4.3† 92.4±2.6†‡ 86.2±3.3*† 

Maximal O2 consumption (VO2 
peak) (mL/kg/min) 

24.5±3.1 25.2±3.6 23.9±3.7 30.7±4.0*† 33.2±4.3†‡ 34.1±4.0† 33.9±3.3†‡ 39.0±4.4*†‡# 

Trunk flexibility (cm)  -2.3±0.9 -2.0±0.5 -1.8±0.6 -1.7±0.5 3.4±1.3†‡ 3.8±2.7†‡ 4.0±1.3†‡ 4.1±1.7†‡ 
Leg extension muscular 
strength (kg) 

50.1±2.6 52.6±3.3 53.8±3.4 60.7±4.9*† 74.3±4.8†‡ 76.6±5.5†‡ 75.5±5.8†‡ 83.6±6.5*†‡# 

Knee flexion muscular 
strength (kg) 

36.5±4.5 38.1±5.5 35.9±5.3 45.4±5.0*† 50.4±6.6†‡ 51.0±6.0†‡ 52.4±5.6†‡ 65.4±6.3*†‡# 
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Chest press muscular 
strength (kg) 

56.2±4.6 57.6±6.9 57.0±5.4 56.8±6.4 65.2±7.4†‡ 63.2±6.2†‡ 64.2±4.4†‡ 62.2±4.2†‡ 

Lat pulldown muscular 
strength (kg) 

58.2±5.6 59.6±3.9 57.2±4.4 58.9±6.0 67.8±4.4†‡ 65.2±6.2†‡ 66.2±5.4†‡ 64.9±3.2†‡ 

 
Data are mean ± SD. 
SED-elderly = Sedentary elderly subjects; INT-elderly = Elderly subjects performed interval training; SED-young = Sedentary young subjects; INT-
young = Elderly subjects performed interval training; Pre = Pre-test; Post = Post-test (after 12 weeks of interventions) 
* P<0.05 vs. Pre 
† P<0.05 vs. SED-elderly at the same timeline (Pre or Post) 
‡ P<0.05 vs. INT-elderly at the same timeline (Pre or Post) 
# P<0.05 vs. SED-young at the same timeline (Pre or Post) 
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Biological and health-related physical fitness data are shown in Table 2. Both SED-
elderly and INT-elderly groups showed similar results in all parameters at Pre (baseline) . And 
also, the similarity was observed at Pre in both SED-young and INT-young groups. However the 
elderly group (SED-elderly and INT-elderly)  showed the significant difference in all parameters 
at Pre as compared to young group ( SED-young and INT-young) . In both the INT-elderly and 
the INT-young groups, the decrement of body fat, systolic blood pressure, diastolic blood 
pressure, and mean arterial pressure were observed, in the similar way as the increment of 
maximal O2 consumption, Knee flexion muscular strength, and knee flexion muscular strength. 
But only INT-elderly group had a significant decrease in body mass, and body mass index. 
After 12 weeks of interventions, both the INT-elderly and the SED-young group demonstrated 
the equality of body mass index, systolic blood pressure, diastolic blood pressure, mean arterial 
pressure, and maximal O2 consumption 

As shown in Table 3, both SED-elderly and INT-elderly groups showed similar results in 
all parameters at Pre (baseline). And also, the similarity was observed at Pre in both SED-young 
and INT-young groups. However the elderly group (SED-elderly and INT-elderly) showed the 
significant difference in all parameters at Pre as compared to young group (SED-young and 
INT-young). In both the INT-elderly and the INT-young groups, the decrement of baPWV, carotid 

IMT, and malondialdehyde were observed, in the similar way as the increment of flow-mediated 
dilatation and nitric oxide. After 12 weeks of interventions, both the INT-elderly and the SED-
young group demonstrated the equality of baPWV and malondialdehyde. 
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Table 3.  Vascular reactivity and blood chemistry data. 

Data are mean ± SD. 
SED-elderly = Sedentary elderly subjects; INT-elderly = Elderly subjects performed interval training; SED-young = Sedentary young subjects; INT-
young = Young subjects performed interval training; Pre = Pre-test; Post = Post-test (after 12 weeks of interventions) 
* P<0.05 vs. Pre 
† P<0.05 vs. SED-elderly at the same timeline (Pre or Post) 
‡ P<0.05 vs. INT-elderly at the same timeline (Pre or Post) 
# P<0.05 vs. SED-young at the same timeline (Pre or Post

 
 

SED-eldery (n=13) INT-elderly (n=13) SED-young (n=12) INT-young (n=12) 
Pre Post Pre Post Pre Post Pre Post 

Flow-mediate dilatation (%) 6.5±1.2 6.7±1.3 6.4±0.9 7.9±1.2*† 11.4±1.8†‡ 11.9±1.0†‡ 11.8±1.5†‡ 13.0±1.1*†‡# 
baPWV (cm/sec)  1445±154 1423±143 1501±173 1205±172*† 1173±48†‡ 1185±54† 1157±68†‡ 1065.0±47*†‡# 
Carotid IMT (mm)  0.57±0.01 0.58±0.01 0.57±0.01 0.55±0.01*† 0.40±0.01†‡ 0.39±0.01†‡ 0.39±0.01†‡ 0.37.1±0.01*†‡# 
Nitric oxide (µmol/L) 4.3±0.4 4.4±0.3 4.2±0.5 5.0±0.7*† 7.9±1.3†‡ 7.6±0.9†‡ 7.7±1.4†‡ 8.2±1.5*†‡# 
Malondialdehyde (µmol/L) 1.09±0.22 1.2±0.12 1.09±0.01 0.65±0.10*† 0.64±0.04†‡ 0.60±0.07† 0.62±0.04†‡ 0.55±0.07*†‡# 



21 

 

 

 
Figure 5 Flow-mediated dilatation in the elderly group 

 
Data are mean ± SD. 
SED-elderly = Sedentary elderly subjects; INT-elderly = Elderly subjects performed interval 
training; Pre = Pre-test; Post = Post-test (after 12 weeks of interventions) 
* P<0.05 vs. Pre 
 

The flow-mediated dilatation data in the elderly group at the Pre, Post, a month of 
detraining, and 6 weeks of detraining were shown in Figure 5. The SED-elderly group showed 
no significant change in all timelines, however the INT-elderly showed significant improvement 
of flow-mediated dilatation at Post and a month of detraining (P<0.05) as compared to Pre. 
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Figure 6 Flow-mediated dilatation in the young groups 

 
Data are mean ± SD. 
SED-young = Sedentary young subjects; INT-young = Elderly subjects performed interval 
training; Pre = Pre-test; Post = Post-test (after 12 weeks of interventions) 
* P<0.05 vs. Pre 

 
The flow-mediated dilatation data in the young group at the Pre, Post, a month of 

detraining, and 6 weeks of detraining were shown in Figure 6. The SED-young group showed no 
significant change in all timelines, however the INT-young showed significant improvement of 
flow-mediated dilatation at Post (P<0.05) as compared to Pre. 
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Figure 7 baPWV in the elderly groups 
 
Data are mean ± SD. 
SED-elderly = Sedentary elderly subjects; INT-elderly = Elderly subjects performed interval 
training; Pre = Pre-test; Post = Post-test (after 12 weeks of interventions) 
* P<0.05 vs. Pre 
 

The baPWV data in the elderly group at the Pre, Post, a month of detraining, and 6 
weeks of detraining were shown in Figure 7. The SED-elderly group showed no significant 
change in all timelines, however the INT-elderly showed significant improvement of baPWV at 
Post, a month of detraining, and 6 weeks of detraining (P<0.05) as compared to Pre. 
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Figure 8 baPWV in the young groups 
 
Data are mean ± SD. 
SED-young = Sedentary young subjects; INT-young = Elderly subjects performed interval 
training; Pre = Pre-test; Post = Post-test (after 12 weeks of interventions) 
* P<0.05 vs. Pre 
 

The baPWV data in the young group at the Pre, Post, a month of detraining, and 6 weeks 
of detraining were shown in Figure 8. The SED-young group showed no significant change in all 
timelines, however the INT-young showed significant improvement of baPWV at Post ( P<0.05) 
as compared to Pre. 
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Figure 9 Nitric oxide in the elderly groups 

 
Data are mean ± SD. 
SED-elderly = Sedentary elderly subjects; INT-elderly = Elderly subjects performed interval 
training; Pre = Pre-test; Post = Post-test (after 12 weeks of interventions) 
* P<0.05 vs. Pre 
 

The nitric oxide data in the elderly group at the Pre, Post, a month of detraining, and 6 
weeks of detraining were shown in Figure 9. The SED-elderly group showed no significant 
change in all timelines, however the INT-elderly showed significant improvement of nitric oxide 
at Post and a month of detraining (P<0.05) as compared to Pre. 
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Figure 10 Nitric oxide in the young groups 
 

Data are mean ± SD. 
SED-young = Sedentary young subjects; INT-young = young subjects performed interval 
training; Pre = Pre-test; Post = Post-test (after 12 weeks of interventions) 
* P<0.05 vs. Pre 
 

The nitric oxide data in the young group at the Pre, Post, a month of detraining, and 6 
weeks of detraining were shown in Figure 10. The SED-young group showed no significant 
change in all timelines, however the INT-young showed significant improvement of nitric oxide at 
Post (P<0.05) as compared to Pre. 
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Figure 11 % change of Flow-mediated dilatation (FMD) in INT-young and INT-elderly 

 
Data are mean ± SD. 
SED-young = Sedentary young subjects; INT-young = young subjects performed interval 
training; Pre = Pre-test; Post = Post-test (after 12 weeks of interventions); Detraining1 = a month 
of detraining; Detraining2 = 6 weeks of detraining 
* P<0.05 vs. Pre 
 

The % change of Flow-mediated dilatation (FMD) in INT-young and INT-elderly groups 
were shown in Figure 11. The INT-elderly group showed significant higher at Post-Pre, 
Detraining1-Pre, and Detraining2-Pre (P<0.05) as compared to the INT-young group. 
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Figure 12 % change of baPWV in INT-young and INT-elderly 
 

Data are mean ± SD. 
SED-young = Sedentary young subjects; INT-young = young subjects performed interval 
training; Pre = Pre-test; Post = Post-test (after 12 weeks of interventions); Detraining1 = a month 
of detraining; Detraining2 = 6 weeks of detraining 
* P<0.05 vs. Pre 
 

The % change baPWV in INT-young and INT-elderly group were shown in Figure 12. The 
INT-elderly group showed significant difference at Post-Pre, Detraining1-Pre, and Detraining2-
Pre (P<0.05) as compared to the INT-young group. 
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Figure 13 % change of nitric oxide in INT-young and INT-elderly 
 

Data are mean ± SD. 
SED-young = Sedentary young subjects; INT-young = young subjects performed interval 
training; Pre = Pre-test; Post = Post-test (after 12 weeks of interventions); Detraining1 = a month 
of detraining; Detraining2 = 6 weeks of detraining 
* P<0.05 vs. Pre 
 

The % change nitric oxide in INT-young and INT-elderly groups were shown in Figure 
13. The INT-elderly group showed significant higher at Post-Pre and Detraining1-Pre ( P<0.05) 
as compared to the INT-young group. There is no significant difference between groups at 
Detraining2-Pre. 
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Figure 14 % change of malondialdehyde in INT-young and INT-elderly 
 

Data are mean ± SD. 
SED-young = Sedentary young subjects; INT-young = young subjects performed interval 
training; Pre = Pre-test; Post = Post-test (after 12 weeks of interventions); Detraining1 = a month 
of detraining; Detraining2 = 6 weeks of detraining 
* P<0.05 vs. Pre 
 

The % change malondialdehyde in INT-young and INT elderly were shown in Figure 14. 
The INT-elderly group showed significant difference  at Post-Pre (P<0.05)  as compared to the 
INT-young group. 
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Discussion and conclusion 
In this study, the experiment aims to investigate the potential of interval aerobic training 

program on age-associated endothelial function in the youngs and elderlies. Both SED-elderly 
and INT-elderly groups showed similar results in all parameters at baseline. And also, the 
similarity was observed at baseline in both SED-young and INT-young groups. However the 
elderly group (SED-elderly and INT-elderly)  showed the significant difference in all parameters 
at baseline as compared to the young group ( SED-young and INT-young) . After 12 weeks of 
interventions, both the INT-elderly and the INT-young groups showed the decrement of body fat, 
systolic blood pressure, diastolic blood pressure, mean arterial pressure, baPWV, carotid IMT, 
and malondialdehyde, in the similar way as the increment of maximal O2 consumption, Knee 
flexion muscular strength, knee flexion muscular strength, flow-mediated dilatation and nitric 
oxide. But only INT-elderly group had a significant decrease in body mass, and body mass 
index. Interestingly, both the INT-elderly and the SED-young group demonstrated the equality of 
body mass index, systolic blood pressure, diastolic blood pressure, mean arterial pressure, 
maximal O2 consumption, baPWV and malondialdehyde at 12 weeks of the exercise program. 

At the detraining phase, the INT-elderly showed the improvement of flow-mediated 
dilatation, baPWV, and nitric oxide at 12 weeks and a month of detraining and the value of these 
parameters return to the baseline at 6 weeks of detraining. Only the enhancement of baPWV 
value in the INT-elderly could maintain even after 6 weeks of detraining. In the INT-young group, 
flow-mediated dilatation, baPWV, and nitric oxide return to baseline after 4 weeks of detraining. 
In addition, the % change of flow-mediated dilation, nitric oxide, baPWV, and malondialdehyde 
were higher in the INT-elderly group. 
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The effects of interval aerobic training on health-related physical fitness in the youngs and 
elderlies 
 In the present study, the results showed that the SED group (SED-young, SED-elderly) 
showed no significant change in all parameters while the interval aerobic training group ( INT-
young and INT-elderly groups)  could enhance biological and health-related physical fitness 
parameters. 
 Exercise training, non-pharmacological therapeutic strategy, is known to benefit healthy 
and non-healthy individuals in many aspects such as health-related physical fitness, diabetic 
control, vascular function, and cardiovascular risk factors (mitranun et al., 2014; Jakicic et al., 
2003; Kadoglou et al., 2007; Wisloff et al., 2007) . In this study, we focused on the effects of 
interval aerobic training which is the potential candidate of aerobic training type and show the 
superior results on health-related physical fitness as compared to the traditional aerobic 
exercise (Mitranun et al., 2014; Wisloff et al., 2007). In this study, we used the training protocol 
as four-six intervals of high-intensity work (80-85%VO2peak)/low-intensity active recovery (50-
60%VO2peak) ratio of 1 min:4 min which is similar as our previous report (Mitranun et al; 2014)ใ 
While other previous treadmill interval exercise for health studies used four intervals of 4 min at 
80-90% VO2peak following 3 min at 50-60% VO2peak (Rognmo et al., 2004) and four intervals 
of 4 min at 90-95% peak heart rate following 3 min at 50-70% peak heart rate (Wisloff et al., 
2007). The difference points of our exercise protocol from other health and disease studies are 
the number of intervals performed, the duration of the recovery between bouts and a 
progression in training intensity. However, our interval aerobic training program in this study is 
still sufficient for improving aerobic capacity in both young and elderly subjects. 
 Advanced aging impairs the biological and health-related parameters which several 
studies supported the benefit of exercise to optimizing age-related change in body composition 
( ACSM, 2018. The present study supported the potential of exercise in elderly subjects. 
Moreover, the interval aerobic training program could restore the impairment of body mass 
index and maximal O2 consumption similar as sedentary young subjects. In aspect of maximal 
oxygen consumption, there is a number of studies supported the increment of PGC1 alpha, 
master regulator of mitochondrial biogenesis, through exercising ( Brown et al., 2010) . PGC1 
alpha, intensity-dependent ( Egan et al., 2010) , had a high correlation with VO2peak (r=0.71) 
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(Wisloff et al., 2007). Thus, this might explain the underlying mechanism of the interval aerobic 
exercise contributing the great benefit to aerobic capacity in elderly subjects (Mitranun et al., 
2014) 
  
The effects of interval aerobic training on endothelial dependent vasodilatation in the youngs 
and elderlies 

The present study, the results showed that the sedentary group (SED-young and SED-
elderly groups) showed no significant change in all parameters. In both interval aerobic training 
groups ( the INT-elderly and the INT-young groups)  the decrement of baPWV, carotid IMT, and 

malondialdehyde were observed, in the similar way as the increment of flow-mediated dilatation 
and nitric oxide.  

Endothelial dysfunction is an early event of the atherosclerotic process which associated 
with increased pulse wave velocity (PWV), an indicator of arterial stiffness ( van Popele et al., 
2001) and low magnitude of flow-mediated dilation (FMD), one of the noninvasive standard for 
assessing in vivo of endothelial-dependent vasodilation (Betik et al., 2004). Aging is one of the 
major factors for the development of endothelial dysfunction (Lakatta and Levy, 2003). Old age 
individuals have vascular stiffness, loss of vascular elasticity and having vascular endothelial 
dysfunction (Santos-Parker et al., 2014). The increment of PWV and the decrement of FMD can 
be observed in advancing age even in adults without any significant cardiovascular disease 
( Eskurza et al., 2004; Lakatta and Levy, 2003) . The mechanism of aging in vascular changes 
can be explained by oxidative stress of increased superoxides resulted in collagen deposition, 
fragmentation of elastin, protein oxidation and formation of advanced  glycation end products 
(Santos-Parker et al., 2014). Our study also found the significant impairment of the old group as 
compared to the young group at baseline. However, after 12 weeks of interval aerobic training, 
both exercise group ( young and elderly)  showed the improvement of baPWV, FMD, 
malondialdehyde, and nitric oxide. Conversely, the previous study in both male and female 
elderlies involving 4x4 min of interval aerobic training at an intensity 80-90% of HRmax 
alternated with 60-70 % HRmax, 3 times per week for 12 weeks did not potent enough to 
change central PWV (Deiseroth et al, 2019)  . Thus, the gender might be the one of essential 
factors (Seals et al., 2019). 
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Carotid intima-media thickness (Carotid IMT)  is a surrogate marker for atherosclerosis 
which the increment of CIMT is associated with increased risk for cardiovascular events. A 
recent systemic review show the strongly and linearly relation of age and carotid IMT in both  
individuals with  and without cardiovascular disease (van et al., 2018) . Consistently, our study 
report the higher result of carotid IMT in the elderly group.  However, the decrement of carotid 
IMT was found after 12 weeks of intervention in both young and elderly group. The proposed 
mechanism may involve the decrement of blood pressure in our both groups which the high 
blood pressure is a potent factor of carotid IMT ( Qu and Qu, 2015) . It seems reasonable to 
suggest that interval aerobic training increased blood flow and shear stress to a greater extent 
and, in turn, improved the NO bioavailability as well as endothelium-dependent vasodilation 
(Ribeiro et al., 2010). These functional measurement data are consistent with the decrement of 
plasma MDA, an index of lipid peroxidation and oxidative stress, which the increase of nitric 
oxide considered to decrease level of reactive oxygen species (Chakraphan et al., 2005). Thus, 
the summation effects result in the enhancement of vascular function. 

Arterial stiffness of middle-aged and older men who involve regular aerobic training is 
lower when compared to sedentary status matched for similar aged and gender, but close to 
young men (Vaitkevicius et a., 1993). But only 12 weeks of our interventions, the elderly group 
performing interval aerobic training could reverse baPWV and malondialdehyde values similar 
as the sedentary young age. To understand these mechanisms and the difference between old 
and young age, we followed up the change of vascular parameters after cessation of training. 
The results showed that FMD, baPWV and nitric oxide values restores to baseline after a month 
of detraining in the young group whereas the old group could sustain after a month of detraining 
and return to baseline at 6 weeks of detraining. Surprisingly, baPWV in the old group can 
maintain even 6 weeks of detraining.  

The increment of plasma nitrite in the old subjects following an ergometer exercise test 
with a stepwise increase in force is lower as compared to the young subjects. However, our 
study was designed to investigate in chronic effects and the change of vascular parameters 
might be dissimilar. In this study, the factors that leads to sustain vascular parameters in the old 
group might not be “actual values” by reason of the lower actual values in the elderly group. On 
the other hand, it might be the % change of these parameters due to the exercise intervention 



35 

 

which calculated from baseline. The % change of these parameters seem to be higher in the 
older groups. Based on these rationales, higher % enhancement of nitric oxide and 
malondialdehyde bring about the greater improvement of FMD and baPWV in the old group. 
 
Conclusion 

We conclude that interval aerobic training is an effective program for improving health-
related physical fitness and age-associated endothelial function in the youngs and elderlies. 
The potential of the training is to reverse in some parameters of endothelial dysfunction in older 
age to same level as young age individuals and can maintain endothelial function after 
detraining. This study will be beneficial to recommend interval aerobic exercise program as a 
treatment for the improvement the endothelial function in the process of aging. 
 
Limitation of this study 

1. The numbers of subjects in each intervention group may be considered small. 
2. In this study, we could not control daily life behaviors of our subjects which may affect 

the results of biological data, blood chemistry and blood flow data. 
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APPENDIX A 
การเผยแพร่ผลงานวิจัย 

 
1. Mitranun, W., Suksom, D. High- intensity interval training can maintain the improvement of 

vascular function after a month of detraining in elderly. The 8th International Conference 
on Sports and Exercise Science "Toward Sports and Exercise Science in the Modern 
World", 20th - 22nd June, 2018, the Ambassador Hotel Bangkok, Thailand. (The winner 
poster presentation awards).  
 

 

ภาพ A.1 แสดงบรรยากาศการน าเสนองาน หลกัฐานการน าเสนองานและการรับรางวลัชนะเลิศ 
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แสดงบทคัดย่อของงานประชุมระดับนานาชาต ิThe 8th International Conference on Sports 
and Exercise Science "Toward Sports and Exercise Science in the Modern World" ซึ่งได้รับ

รางวัลชนะเลิศ 
 

HIGH-INTENSITY INTERVAL TRAINING CAN MAINTAIN THE 

IMPROVEMENT OF VASCULAR FUNCTION AFTER A MONTH OF 

DETRAINING IN ELDERLY 
 

 Witid Mitranun1, Daroonwan Suksom2 
1Department of Sport Science, Faculty of Physical Education, Srinakharinwirot University, 

Nakhon Nayok, Thailand 
2Faculty of Sports Science, Chulalongkorn University, Bangkok, Thailand 

 

 
ABSTRACT 

High-intensity interval training ( HIIT)  has a potential to improve vascular function 

while the enchancement and maintainance effects in elderlies are unknown.   

Purpose: This study aimed to investigate the effects of HIIT on vascular fuction in 

elderly subjects. 

Methods: Male and female elderly aged 64.3±3.6 were studied. All participants were 

divided into control ( CON)  groups ( n=15)  and HIIT group ( n=15) . The HIIT group was 

assigned to perform walking on treadmill for 30-40 min/day, 3 times/week for 12 weeks. The 

biological data, health related-physical fitness, flow-mediated dilation ( FMD)  data, pulse 

wave velocity (PWV) data, and blood pressure data were collected at baseline, after 12-week 

HIIT period, and 4 weeks of detraining.  

Results: Both the CON and HIIT group showed similar results at the baseline of all 

parameters (P > 0.05). After 12 weeks, body fatness, heart rate at rest, and PWV decreased (P 

< 0.05)  and leg muscle strength, maximal aerobic capacity, FMD increased significantly in 

the HIIT group (P < 0.05). At 4 weeks in detraining period, the changes of these parameters, 

excepting body fatness, were similar at after 12 weeks of intervention (P > 0.05). 

Conclusion: We concluded that high-intensity interval training has the potential to 

improve aerobic fitness; moreover, the training program can maintain the improvement of 

vascular function after a month of detraining.  

 

Key Word:  Vascular function, Aging, Aerobic exercise, Detraining, Pulse wave velocity 
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2. น าเสนองานวิจัยในงานประชุมวิชาการระดับนานาชาติ The 8th International Conference on 
Sports and Exercise Science “Road to Tokyo 2020” ในหมวดการน าเสนอ “Young Scientist 
Forum” เร่ือง “Advantages and Disadvantages of Exercises on Vascular Function”  

 

 

ภาพ A.2 แสดงหลกัฐานการน าเสนองานวิจยั 
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3. Mitranun, W., Suksom, D. (2018). Effects of Interval Aerobic Training on Age-Associated 
Endothelial Function in the Youngs and Elderlies. TRF-OHEC Annual Congress 2018 
(TOAC 2018), 10th - 12th January, 2018, The Regent Cha Am Beach Resort, 
Phetchaburi. (จดัโดย สกว.) 

ภาพ A.3 แสดงหลกัฐานการน าเสนองานวิจยั 
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APPENDIX B 
Nitric oxide 

 
Reconstitution of Reagents 

1. Enzyme cofactor 
-Reconstitute with 1.1 ml of Assay Buffer. Aliquot desired amount and store at  –20°C. 

Keep on ice during use. Store at –20°C.  
2. Enhancer 
-Reconstitute with 1.1 ml distilled water. Store at +4°C.  
3. Nitrate Reductase 
-Reconstitute to 1.1 ml with Assay Buffer. This dissolves slowly, so gently vortex 2-3 

times over 15 minutes. Keep on ice during use. Store at +4°C.  
4. Nitrate and Nitrite Standards 
-Reconstitute with 100 ul of Assay Buffer. Vortex and mix well to generate 100 mM 

standard. Store at +4°C when not in use (do not freeze!). The reconstituted standard is stable 
for 4 months when stored at +4°C.  

5. Griess Reagents R1 and R2 
-Ready to use. Store at +4°C.  

 
Measurement of Nitrate + Nitrite  

1. Nitrate standard curve: Mix 5 ul of the 100 mM reconstituted standard with 495 ul of 
Assay Buffer to generate 1 mM standard working solution. Note: DAN Probe reacts with nitrite, 
not nitrate. For routine total nitrite/nitrate assay, you may prepare  
a nitrate standard curve only. However, if you desire to measure nitrite, nitrate concentration 
separately, you may prepare a nitrite standard curve in the absence of Nitrate Reductase in the 
standard and assay samples. Nitrate = Total – Nitrite.  

2. Preparation of samples: Up to 85 ul of sample can be added per assay and should be 
done in duplicate. When using less than 85 ul of sample, adjust volume to 85 ul with Assay 
Buffer. If the approximate nitrate/nitrite concentration is completely unknown, we recommend 
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that several dilutions be made. Urine can have high nitrate content and a 10 fold dilution should 
be used. Serum proteins will have a slight (~10%) effect on apparent nitrite levels. For best 
results serum filtrate from a 10Kd cutoff filter (Cat.No. PK-CA577-10KC-100) should be used. 
Typical urine levels are 0.2-2 mM and 1- 
20 uM respectively. Typical normal serum levels are ~20 uM and ~2 uM for nitrate and nitrite 
respectively with various disease states elevating these levels significantly. The absorbance of 
samples should be in the linear range of the standard curve (0-10 nmol/well). If they fall outside 
this range, they should be rediluted and rerun.  

3. Assay procedure:  
-Add 85 ul sample and 115 ul Assay Buffer as blank well.  
-Add 0, 2, 4, 6, 8, 10 ul of standard to each well and adjust to 85 ul.  
- Add 85 ul of sample or dilution to each unknown well.  
-Add 5 ul of the Nitrate Reductase mixture to each well (standards and unknowns).  
-Add 5 ul of the enzyme cofactor to each well (standards and unknowns).  
-Cover the plate and incubate at room temperature for 1 hour to convert nitrate to nitrite.  
-Add 5 ul of the enhancer to each well and incubate 10 minutes.  
-Add 50 ul of Griess Reagent R1 to each well (standards and unknowns).  
-Add 50 ul of Griess Reagent R2 to each well (standards and unknowns).  
-Develop the color for 10 minutes at room temperature. The color is stable for about an 

hour.  
-Read the absorbance at 540 nm using a plate reader. 

 

 



55 

 

APPENDIX I 
Malondialdehyde 

 
Malondiadehyde (MDA) is a ROS which is derived from the lipid oxidation of cell 

membrane polyunsaturated fatty acid and its formular is CH2 (CHO)2.  This compound is highly 
reactive and toxic and is used as a biomarker to measure the level of oxidative stress.  
Thiobarbituric acid reactive substances method is used for analyzing level of MDA (Nanhini TA 
and Anuradha CV, 2003), by the concept that one molecule of MDA can react with 2 molecules 
of thiobarbituric acid (TBA).  The chemical reaction and the method of measurement are 
described as follows: 

 
 
Reagents 

1. Phosphate buffer saline (PBS) pH 7.4  
-Na2HPO4 2.27 g, NaH2PO4 0.12 g and NaCl 8,18 g are dissolved in distilled water until 
total volume of solution is 1,000 ml. The solution is adjusted to pH 7.4. 

2. 30% Trichloroacetic acid  (TCA)  
-Dissolve thicholoacetic acid 30 g in distilled water until toltal volume of solution is  100 
ml 

3. Butylated hydroxyl toluene (BHT) 
-Dissolve Butylated hydroxyl toluene 88 mg in ethanol 10 ml 
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4. 1% thiobarbituric acid (TBA) 

-One g of 2-thiobarbituric acid in 100 ml distilled water  
5. Malondialdehyde bis (diethylaceta) is used as external standard. 

Samples 
Use EDTA whole blood samples.  
 

Sample preparation 
Centrifuge whole blood for 10 minutes at 4C, 3500 rpm and then separate the plasma 

and erythrocytes. The erythrocytes are washed four times with 3 ml of 0.85% normal saline; 
centrifuging for 10 minutes at  4C, 3000 rpm after each wash.  

 
Measurement of MDA; the sequences of the test are: 

1.  Draw 200 l of each of washed erythrocytes, plasma, and diethylacetal (external 
standard) in three separate eppendorf tubes. 

2. In each tube, add 800 l of PBS, mix, and then add 30% TCA for erythrocyte lysis 
and protein precipitation 

3. Add 25l of BHT, mix, and then put in -20C refrigerator for 2 hours for the 
completeness of erythrocyte lysis and protein precipitation 

4. Centrifuge at 12,000 rpm for 10 minutes. 
5. Separate the supernatant into the new eppendorf tubes. 
6. Add 250 l of 1% TBA in each tube, mix, and boil in heat box (ACCUBLOCKTM 

Digital Dry Bath, Labnet International) at 103C for 15 minutes. 
7. Stop the reaction by using cold water, draw 300l of the solution and put in the 96-

well-plate ELISA. 
8. Measure light absorbance at 532 nm by using ELISA Reader (Enspire multilabel 

plate, Perkin-Elmer, USA) 
Construct the concentration graft of the external standard, and then calculate the lipid oxidation 
of the samples from the standard curve. 
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APPENDIX H 

Vascular assessment 

 

Brachial artery characteristics assessment 

Brachial artery characteristics were assessed with the ultrasound equipment (CX50, 

Philips, USA), using the occlusion technique on the right forearm. All subjects rested in the 

supine position for 20 min. The brachial artery was imaged above the antecubital fossa in the 

longitudinal plane. Baseline data was monitored for 1 min and then the cuff placed around the 

right forearm was inflated rapidly to 50 mmHg above systolic blood pressure for 5 min and 

deflated for 5 min of recovery (Corretti et al., 2002; Dhindsa et al., 2008). Mean blood velocity 

was collected by using the pulsed wave Doppler mode. Brachial analyzer program (Brachial 

Analyzer, Medical imaging applications, USA) was used for analyzing changes in vascular 

diameter. Shear rate was calculated by blood velocity/vascular diameter (Pyke et al., 2008). 

FMD was calculated using the formula FMD = (d2-d1) x 100/d1 when d1 is the averaged the 

brachial artery diameter at baseline, d2 is the averaged the maximal post occlusion brachial 

artery diameter (Naidu et al., 2011).  
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Protocol for ultrasound imaging 

 

 

Pulse velocity assessment  
Pulse wave velocity (PWV) method will be measured using a volume-plethysmographic 

device with four cuffs matched with oscillometric sensors, placed around the upper arms and 
ankles. Deflation phase, the pulse volume records of the bilateral brachial and tibial arteries are 
monitored. Oscillometric method is used to calculate the blood pressure of each lesion. 
Electrodes are placed on both wrists and a microphone is placed on the left edge of the 

sternum. Transit time (∆Tba) is monitored by a time delay between the feet of the wave at the 
two sites. The distance between the two sites of PWV is calculated by using the height of the 

paticipants and ∆Tba. 
Lb = 0.2195 × height of the paicipants (cm) - 2.0734 
La = 0.8129 × height of the participants (cm) + 12.328.  

PWV = (La–Lb) / ∆Tba  
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