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 The aim of this present study was to determine the effects of exercise training combined with vitamin C 
supplementation on the cytokine response and rhinitis symptoms in allergic rhinitis patients. Nineteen volunteered patients 
with allergic rhinitis, aged 18-45 years old, were recruited. They were randomized into 3 groups: control group (CON; n=6), 
exercise group (EX; n=6) and exercise combined with vitamin C group (EX + Vit. C; n=7). The exercise training protocol 
consisted of walking - running on a treadmill at 65-70% HRR 30 minutes per session 3 times a week. The EX + Vit. C group 
ingested vitamin C 2,000 mg per day. Physiological characteristics, blood chemical data, cytokines level in nasal secretion 
and allergic rhinitis symptoms were analyzed during pre-test and post-test. The dependent variables between pre-test and 
post-test were analyzed by a paired t-test. One way analysis of covariance (one-way ANCOVA) was used to compare the 
variables among group, one-way repeated measure ANOVA was used to analyze between each time after nasal challenge. 
Differences were considered to be significant at p < .05. 
 The results of the present study were as follow :  
 1. After 8 weeks, resting heart rate in both EX and EX + Vit. C were significantly decreased and Vo2max were 
significantly increased and higher than the CON group (p < .05).  
 2. After 8 weeks, total immunoglobulin E (IgE) level in the EX + Vit. C was significantly lower than the CON and 
EX (p < .05). However, there were no significant differences in specific IgE (D. pteronyssinus) between pre and post-test 
and among all groups of subjects. Additionally, malondialdehyde (MDA) levels of the both EX and EX + Vit. C were 
significantly lower than pre-test and the CON group (p < .05). 
 3. After 8 weeks, the both EX and EX + Vit. C had significantly decrease of interleukin (IL)-4 levels. Moreover, the 
percent difference of IL-2 was significantly higher than the CON (p < .05) and the percent difference of IL-4 was significantly 
lower than the CON (p < .05). After nasal challenge by house dust mite (D.pteronyssinus), the percent difference of IL-4 and 
IL-13 in the both EX and EX + Vit. C were significantly lower than the CON (p < .05), but the percent difference of IL-2 in the 
both EX and EX + Vit. C were significantly higher than the CON (p < .05). 
 4. After 8 weeks, the percent difference of peak nasal inspiratory flow (PNIF) were significantly higher while those 
of nasal blood flow were significantly lower in the both EX and EX + Vit. C comparing to the CON (p < .05). Moreover, the 
both EX and EX + Vit. C had a significantly higher PNIF after nasal challenge 60 minutes comparing to pre-test (p < .05). 
The total rhinitis symptoms score of congestion, itching, sneezing and rhinorrhea at baseline and following nasal challenge 
were significantly decreased in the both EX and EX + Vit. C (p < .05). 
 In conclusion, the present findings demonstrated that without vitamin C supplementation, only moderate exercise 
training had beneficial effects in allergic rhinitis by improving cardiorespiratory fitness, attenuating the inflammatory 
response and reducing symptoms in patients with allergic rhinitis. 
 
 
 
Field of Study :  Sports Science  
  

signature..............................................   

   

Student’s Signature  
 
  

Academic Year :  2011 
  

signature..........................................    

  

Advisor’s Signature  
 
  
 

 Co-advisor’s Signature   
  Co-advisor’s Signature   
 



 
 

v 

 



 
 

vi  

ACKNOWLEDGEMENTS 

 
I would like to express my deepest and sincere gratitude and 

appreciation to Assoc. Prof. Dr. Daroonwan Suksom, my advisor, for her valuable 
guidance, supervision, encouragement and kindness which has enable me to carry out 
my successfully. I am greatly indebted to Asst. Prof. Dr. Jettanong Klaewsongkram and 
Assoc. Prof. Timothy D. Mickleborough, my co-adviror, for their valuable suggestions, 
helpful criticism and kindness in this research. 

Sincere appreciation and gratitude are also expressed to Assoc. Prof. 
Dr. Vijit Kanungsukkasem, Assoc. Prof. Dr. Thanomwong Kritpet, Asst. Prof. Dr. 
Silpachai Suwanthada and Asst. Prof. Dr. Ratree Ruangthai, the thesis examing 
committee, for there magnificent comments and the correction of this thesis. 

 I am very grateful to thank the entire volunteers for their participation as 
subjects in this study. I would like to gratefully acknowledge that this thesis is 
successfully completed by the Ratchadapisek Sompoj Funding, Chulalongkorn University 
and Faculty of Sports Science Funding, Chulalongkorn University. 

Special thanks are given to Mr. Nutdanai Jaronsukwimal and Miss 
Supranee Buranapraditkun, for their experimental assistance and encouragement 
throughout the study. In addition, My sincere thanks are also extended to Miss Kanang 
Srihirun, Miss Keeranan Phusri, Miss Supaporn Gomenake, and Miss Natheera 
Hengcharoen for their helpfulness and encouragement in this study. 

Finally, I would like to express my profound gratitude and appreciation to 
Mrs. Sunapa Tongtako, my dearest mother and Mr. Narongkorn Tongtako, my brother and 
my family for their encouragement, moral support and understanding throughout my life. 

 
 
  



CONTENTS 

                                               Page 

ABSTRACT IN THAI………………..…………………..……………………….…….. iv 

ABSTRACT IN ENGLISH..................................................................................... v 
ACKNOWLEDGEMENTS..................................................................................... vi 
CONTENTS.......................................................................................................... vii 
LIST OF TABLES................................................................................................. x 
LIST OF FIGURES............................................................................................... xvi 

CHAPTER I   INTRODUCTION………………………………………………………. 1 
1.1 Background and Rationale…………………………………………….. 1 
1.2 Research questions…………………………………………………….. 6 
1.3 The purposes of this study……………………………………………... 7 
1.4 Research Hypotheses …………………………………………………. 7 
1.5 Scope of research………………………………………………………. 7 
1.6 Operational definition…………...………………………………………. 8 
1.7 Expected benefits and applications……………..……………………. 9 
1.8 Conceptual Framework……………..………………………………….. 11 

CHAPTER II   LITERATURE REVIEW……………………………………………….. 12 
2.1 Allergic rhinitis…………..……………………………………………….. 13 
2.2 Cytokines…………………………………………………………………. 22 
2.3 Oxidant and antioxidant…………..……………………………………. 34 
2.4 Vitamin C…….…………………………………………………………… 41 
2.5 Exercise……...…………………………………………………………… 45 
2.6 The preliminary study…………………………………………………… 54 

CHAPTER III   METHODOLOGY……………………………………………………. 60 
3.1 Sample group………........……………………………………………… 60 
3.2 Data collection………….……………………………………………….. 61 
3.3 Instruments……….……………………………………………………… 61 



 

  

 

viii 

 Page 
3.4 Methodology……………………………………………………………… 62 
3.5 Parameter Assessment …………………………………………………. 63 
3.6 Data analysis…………………………………………………………….. 67 

CHAPTER IV   RESULTS………..……………………………………………………. 68 
4.1 Part 1 The comparison of physiological characteristics variables 

between pre- and post-training and among three groups of subjects: control 
group (CON), exercise group (EX) and exercise combined vitamin C 
supplementation group (EX + Vit. C)……………………………………………….. 

69 

4.2 Part 2 The comparison of blood chemical variables between pre- 
and post-training and among three groups of subjects: control group (CON), 
exercise group (EX) and exercise combined vitamin C supplementation 
group (EX + Vit. C)……………………………………………………………………. 

82 

4.3 Part 3 The comparison of cytokine levels in nasal secretion 
between pre- and post-training and among three groups of subjects: control 
group (CON), exercise group (EX) and exercise combined vitamin C 
supplementation group (EX + Vit. C)……………………………………………….. 

98 

4.4 Part 4 The comparison of rhinitis symptoms variables between 
pre- and post-training and among three groups of subjects: control group 
(CON), exercise group (EX) and exercise combined vitamin C 
supplementation group (EX + Vit. C)……………………………………………….. 

112 

CHAPTER V   DISCUSSION AND CONCLUSION ………..………………………. 143 
5.1 Physiological characteristics…………………………………………... 144 
5.2 Blood chemical data……………………………………………………. 145 
5.3 Cytokine levels in nasal secretion…………………………………….. 147 
5.4 Rhinitis symptoms analysis…………………………………………….. 150 
5.5 Conclusion……………………………………………………………….. 153 
5.6 Limitations of this study………………………………………………… 154 
5.7 Suggestions for further research………………………………………. 155 



 

  

 

ix 

 Page 
REFERENCES…………………………………………………………………….......  156 
APPENDICES...................................................................................................... 186 

APPENDIX A The Instititional Review Board : Certificate of Approval… 187 
APPENDIX B Information Sheet for Research Participant………….…… 191 
APPENDIX C Informed Consent Form…………………………….……… 230 
APPENDIX D Rhinitis Symptom Score…………………………….……… 237 
APPENDIX E Physical Activity Readiness Questionnaire ; PAR-Q….… 240 
APPENDIX F General Health Questionnaire……………………………… 242 

            APPENDIX G Results of the preliminary study…………………………… 245 
 APPENDIX H Malondialdehyde.............................................................. 249 

APPENDIX I Flow cytomix multiplex...................................................... 252 
BIOGRAPHY…………………………………………………………………………... 257 

  
  
  
  
  
  
  
  
  
  
  
  

 



 
 

x 

LIST OF TABLES 
 

Table  Page 
2.1 Cytokine abbreviations, sources, and functions……………………………. 26 
4.1 The comparison of resting heart rate (bpm) between pre- and post 

training and among three groups of subjects: control group (CON), 
exercise group (EX) and exercise combined vitamin C supplementation 
group (EX + Vit. C)……………………………………………………………… 69 

4.2 The comparison of systolic blood pressure (mmHg) between pre- and 
post-training and among three groups of subjects: control group (CON), 
exercise group (EX) and exercise combined vitamin C supplementation 
group (EX + Vit. C)……………………………………………………………… 70 

4.3 The comparison of diastolic blood pressure (mmHg) between pre- and 
post-training and among three groups of subjects: control group (CON), 
exercise group (EX) and exercise combined vitamin C supplementation 
group (EX + Vit. C)……………………………………………………………… 71 

4.4 The comparison of body weight (kg) between pre- and post-training and 
among three groups of subjects: control group (CON), exercise group (EX) 
and exercise combined vitamin C supplementation group (EX + Vit. C)…..... 72 

4.5 The comparison of body mass index (kg/m2) between pre- and post-
training and among three groups of subjects: control group (CON), 
exercise group (EX) and exercise combined vitamin C supplementation 
group (EX + Vit. C)……………………………………………………………… 73 

4.6 The comparison of body fat (%) between pre- and post-training and among 
three groups of subjects: control group (CON), exercise group (EX) and 
exercise combined vitamin C supplementation group (EX + Vit. C)…………. 74 

4.7 The comparison of maximum oxygen consumption; VO2max (ml/kg/min) 
between pre- and post-training and among three groups of subjects: 
control group (CON), exercise group (EX) and exercise combined vitamin 
C supplementation group (EX + Vit. C)…………………………………………. 

 
 
 

75 
 



 
 

xi 

Table  Page 
4.8 The comparison of forced vital capacity; FVC (liters) between pre- and 

post-training and among three groups of subjects: control group (CON), 
exercise group (EX) and exercise combined vitamin C supplementation 
group (EX + Vit. C)………………………………………………………………... 

 
 
 

76 
4.9 The comparison of forced expiratory volume at 1 second; FEV1 (liters) 

between pre- and post-training and among three groups of subjects: 
control group (CON), exercise group (EX) and exercise combined vitamin 
C supplementation group (EX + Vit. C)…………………………………………. 77 

4.10 The comparison of slow vital capacity; SVC (liters) between pre- and post-
training and among three groups of subjects: control group (CON), 
exercise group (EX) and exercise combined vitamin C supplementation 
group (EX + Vit. C)……………………………………………………………….. 78 

4.11 The comparison of maximum voluntary ventilation; MVV (liters/min) 
between pre- and post-training and among three groups of subjects: 
control group (CON), exercise group (EX) and exercise combined vitamin 
C supplementation group (EX + Vit. C)…………………………………………. 79 

4.12 The comparison of percent difference of the physiological characteristics 
variables among in control group (CON), exercise group (EX) and exercise 
combined vitamin C supplementation group (EX + Vit. C)……………………. 80 

4.13 The comparison of white blood cell (cells/mm3) between pre- and post-
training and among three groups of subjects: control group (CON), 
exercise group (EX) and exercise combined vitamin C supplementation 
group (EX + Vit. C)………………………………………………………………... 82 

4.14 The comparison of red blood cell (mcells/mm3) between pre- and post-
training and among three groups of subjects: control group (CON), 
exercise group (EX) and exercise combined vitamin C supplementation 
group (EX + Vit. C)………………………………………………………………... 83 

4.15 The comparison of hemoglobin (g/dl) between pre- and post-training and 
among three groups of subjects: control group (CON), exercise group (EX) 
and exercise combined vitamin C supplementation group (EX + Vit. C)……. 84 



 
 

xii 

Table  Page 
4.16 The comparison of hematocrit (%) between pre- and post-training and 

among three groups of subjects: control group (CON), exercise group (EX) 
and exercise combined vitamin C supplementation group (EX + Vit. C)……. 85 

4.17 The comparison of cholesterol (mg/dl) between pre- and post-training and 
among three groups of subjects: control group (CON), exercise group (EX) 
and exercise combined vitamin C supplementation group (EX + Vit. C)……. 86 

4.18 The comparison of triglyceride (mg/dl) between pre- and post-training and 
among three groups of subjects: control group (CON), exercise group (EX) 
and exercise combined vitamin C supplementation group (EX + Vit. C)……. 87 

4.19 The comparison of high density lipoprotein cholesterol; HDL-C (mg/dl) 
between pre- and post-training and among three groups of subjects: 
control group (CON), exercise group (EX) and exercise combined vitamin 
C supplementation group (EX + Vit. C)…………………………………………. 88 

4.20 The comparison of low density lipoprotein cholesterol; LDL-C (mg/dl) 
between pre- and post-training and among three groups of subjects: 
control group (CON), exercise group (EX) and exercise combined vitamin 
C supplementation group (EX + Vit. C)……………………………………….. 89 

4.21 The comparison of total Immunoglobulin E; Total IgE (IU/ml) between pre- 
and post-training and among three groups of subjects: control group 
(CON), exercise group (EX) and exercise combined vitamin C 
supplementation group (EX + Vit. C)……………………………………………. 90 

4.22 The comparison of specific immunoglobulin E; specific IgE 
(D.pteronyssinus) (kUA/L) between pre- and post-training and among 
three groups of subjects: control group (CON), exercise group (EX) and 
exercise combined vitamin C supplementation group (EX + Vit. C)……… 92 

4.23 The comparison of malondialdehyde; MDA (µmol/L) between pre- and 
post-training and among three groups of subjects: control group (CON), 
exercise group (EX) and exercise combined vitamin C supplementation 
group (EX + Vit. C)………………………………………………………………... 

 
 
 

95 
 



 
 

xiii 

Table  Page 
4.24 The comparison of percent difference of the blood chemical variables 

among in control group (CON), exercise group (EX) and exercise 
combined vitamin C supplementation group (EX + Vit. C)………………… 

 
 

96 
4.25 The comparison of interleukin-2 (pg/ml) between pre- and post-training in 

three groups of subjects: control group (CON), exercise group (EX) and 
exercise combined vitamin C supplementation group (EX + Vit. C)…………. 98 

4.26 The comparison of percent difference of interleukin-2 after 5 minutes 
nasal challenge by house dust mite (D.pteronyssinus) between pre- and 
post-training in three groups of subjects: control group (CON), exercise 
group (EX) and exercise combined vitamin C supplementation group (EX 
+ Vit. C)…………………………………………………………………………… 99 

4.27 The comparison of interleukin-4 (pg/ml) between pre- and post-training in 
three groups of subjects: control group (CON), exercise group (EX) and 
exercise combined vitamin C supplementation group (EX + Vit. C)………. 102 

4.28 The comparison of percent difference of interleukin-4 after 5 minutes 
nasal challenge by house dust mite (D.pteronyssinus) between pre- and 
post-training in three groups of subjects: control group (CON), exercise 
group (EX) and exercise combined vitamin C supplementation group (EX 
+ Vit. C)…………………………………………………………………………… 103 

4.29 The comparison of interleukin-13 (pg/ml) between pre- and post-training in 
three groups of subjects: control group (CON), exercise group (EX) and 
exercise combined vitamin C supplementation group (EX + Vit. C)…………. 106 

4.30 The comparison of percent difference of interleukin-13 after 5 minutes 
nasal challenge by house dust mite (D.pteronyssinus) between pre- and 
post-training in three groups of subjects: control group (CON), exercise 
group (EX) and exercise combined vitamin C supplementation group (EX 
+ Vit. C)…………………………………………………………………………… 

 
 
 
 

107 
 
 

 



 
 

xiv 

Table  Page 
4.31 The comparison of percent difference of cytokine levels in nasal 

secretion after 5 minutes nasal challenge by house dust mite 
(D.pteronyssinus) among three groups of subjects: control group (CON), 
exercise group (EX) and exercise combined vitamin C supplementation 
group (EX + Vit. C)………………………………………………………………. 110 

4.32 The comparison of peak nasal inspiratory flow; PNIF (liter/sec) between 
pre- and post-training and among three groups of subjects: control group 
(CON), exercise group (EX) and exercise combined vitamin C 
supplementation group (EX + Vit. C)……………………………………………. 

 
 
 

112 
4.33 The comparison of PNIF after nasal challenge by house dust mite 

(D.pteronyssinus) between pre- and post-training and among three 
groups of subjects: control group (CON), exercise group (EX) and 
exercise combined vitamin C supplementation group (EX + Vit. C)……… 113 

4.34 The comparison of nasal blood flow (AU) between pre- and post-training and 
among three groups of subjects: control group (CON), exercise group (EX) 
and exercise combined vitamin C supplementation group (EX + Vit. C)……… 116 

4.35 The comparison of NBF after nasal challenge by house dust mite 
(D.pteronyssinus) between pre- and post-training and among three 
groups of subjects: control group (CON), exercise group (EX) and 
exercise combined vitamin C supplementation group (EX + Vit. C)……… 118 

4.36 The comparison of nasal congestion (level) between pre- and post-training 
and among three groups of subjects: control group (CON), exercise group 
(EX) and exercise combined vitamin C supplementation group (EX + Vit. C)... 121 

4.37 The comparison of itching (level) between pre- and post-training and 
among three groups of subjects: control group (CON), exercise group (EX) 
and exercise combined vitamin C supplementation group (EX + Vit. C)……. 122 

4.38 The comparison of sneezing (level) between pre- and post-training and 
among three groups of subjects: control group (CON), exercise group (EX) 
and exercise combined vitamin C supplementation group (EX + Vit. C)……. 

 
 

123 
 



 
 

xv 

Table  Page 
4.39 The comparison of rhinorrhea (level) between pre- and post-training and 

among three groups of subjects: control group (CON), exercise group (EX) 
and exercise combined vitamin C supplementation group (EX + Vit. C)……. 124 

4.40 The comparison of total rhinitis symptoms (level) between pre- and post-
training and among three groups of subjects: control group (CON), 
exercise group (EX) and exercise combined vitamin C supplementation 
group (EX + Vit. C)………………………………………………………………... 

 
 

125 
 

4.41 The comparison of percent difference of the rhinitis symptoms variables 
among in control group (CON), exercise group (EX) and exercise 
combined vitamin C supplementation group (EX + Vit. C)………………… 126 

4.42 The comparison of nasal congestion after nasal challenge by house dust 
mite (D.pteronyssinus) between pre- and post-training and among three 
groups of subjects: control group (CON), exercise group (EX) and 
exercise combined vitamin C supplementation group (EX + Vit. C)………. 128 

4.43 The comparison of itching after nasal challenge by house dust mite 
(D.pteronyssinus) between pre- and post-training and among three 
groups of subjects: control group (CON), exercise group (EX) and 
exercise combined vitamin C supplementation group (EX + Vit. C)……….. 131 

4.44 The comparison of sneezing after nasal challenge by house dust mite 
(D.pteronyssinus) between pre- and post-training and among three 
groups of subjects: control group (CON), exercise group (EX) and 
exercise combined vitamin C supplementation group (EX + Vit. C)……….. 134 

4.45 The comparison of rhinorrhea after nasal challenge by house dust mite 
(D.pteronyssinus) between pre- and post-training and among three 
groups of subjects: control group (CON), exercise group (EX) and 
exercise combined vitamin C supplementation group (EX + Vit. C)……….. 137 

4.46 The comparison of total rhinitis symptoms after nasal challenge by house 
dust mite (D.pteronyssinus) between pre- and post-training and among 
three groups of subjects: control group (CON), exercise group (EX) and 
exercise combined vitamin C supplementation group (EX + Vit. C)……….. 140 



 
 

xvi 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 

xvi 

LIST OF FIGURES 
 

Figure  Page 
1.1  Conceptual framework……………….…………………………….……… 11 
2.1  Functional classification of allergic rhinitis……………………………… 14 
2.2 Nasal anatomy…………………………………….……….…….………… 16 
2.3 Schematic representation of the nasal neuronal control. .……….…… 17 
2.4 Pathophysiology of allergic rhinitis…………………………………….… 18 
2.5 Characteristic of cytokine…………………………………….……….….. 24 
2.6 T-helper lymphocyte differentiation to Th1 or Th2.……….……..……... 31 
2.7 Interaction of oxygen free radicals and antioxidants. .……….……...... 35 
2.8 Steps of lipid peroxidation …………………………………….………..... 36 
2.9 Antioxidant effects of vitamins C and E on lipid peroxidation (LPO).... 43 
2.10 Format of a typical aerobic exercise session. ………………………..... 48 
3.1 Procedure…………………………………….……….……....................... 64 
4.1 The comparison of resting heart rate (bpm) between pre- and post-

training and among three groups of subjects: control group (CON), 
exercise group (EX) and exercise combined vitamin C 
supplementation group (EX + Vit. C)…………………………………….. 69 

4.2 The comparison of systolic blood pressure (mmHg) between pre- 
and post-training and among three groups of subjects: control 
group (CON), exercise group (EX) and exercise combined vitamin C 
supplementation group (EX + Vit. C)…………………………………….. 70 

4.3 The comparison of diastolic blood pressure (mmHg) between pre- 
and post-training and among three groups of subjects: control 
group (CON), exercise group (EX) and exercise combined vitamin C 
supplementation group (EX + Vit. C)…………………………………….. 71 

4.4 The comparison of body weight (kg) between pre- and post-training 
and among three groups of subjects: control group (CON), exercise 
group (EX) and exercise combined vitamin C supplementation 
group (EX + Vit. C)…………………………………………………………. 72 



 
 

xvii 

Figure  Page 
4.5 The comparison of body mass index (kg/m2) between pre- and post-

training and among three groups of subjects: control group (CON), 
exercise group (EX) and exercise combined vitamin C 
supplementation group (EX + Vit. C)…………………………………….. 73 

4.6 The comparison of body fat (%) between pre- and post-training and 
among three groups of subjects: control group (CON), exercise 
group (EX) and exercise combined vitamin C supplementation 
group (EX + Vit. C)…………………………………………………………. 74 

4.7 The comparison of maximum oxygen consumption; VO2max 
(ml/kg/min) between pre- and post-training and among three groups of 
subjects: control group (CON), exercise group (EX) and exercise 
combined vitamin C supplementation group (EX + Vit. C)………………. 75 

4.8 The comparison of forced vital capacity forced vital capacity; FVC 
(liters) between pre- and post-training and among three groups of 
subjects: control group (CON), exercise group (EX) and exercise 
combined vitamin C supplementation group (EX + Vit. C)………………. 76 

4.9 The comparison of forced expiratory volume at 1 second; FEV1 (liters) 
between pre- and post-training and among three groups of subjects: 
control group (CON), exercise group (EX) and exercise combined 
vitamin C supplementation group (EX + Vit. C)…………………………… 77 

4.10 The comparison of slow vital capacity; SVC (liters) between pre- and 
post-training and among three groups of subjects: control group 
(CON), exercise group (EX) and exercise combined vitamin C 
supplementation group (EX + Vit. C)……………………………………….. 78 

4.11 The comparative between pre-test and post-test of maximum 
voluntary ventilation; MVV (liters/min) in control group (CON), 
exercise group (EX) and exercise combined vitamin C 
supplementation group (EX + Vit. C)…………………………………….. 

 
 
 

79 
 

 



 
 

xviii 

Figure  Page 
4.12 The comparison of white blood cell (cells/mm3) between pre- and 

post-training and among three groups of subjects: control group 
(CON), exercise group (EX) and exercise combined vitamin C 
supplementation group (EX + Vit. C)……………………………………….. 82 

4.13 The comparison of red blood cell (mcells/mm3) between pre- and 
post-training and among three groups of subjects: control group 
(CON), exercise group (EX) and exercise combined vitamin C 
supplementation group (EX + Vit. C)……………………………………… 83 

4.14 The comparison of hemoglobin (g/dl) between pre- and post-training 
and among three groups of subjects: control group (CON), exercise 
group (EX) and exercise combined vitamin C supplementation group 
(EX + Vit. C)…………………………………………………………………... 84 

4.15 The comparison of hematocrit (%) between pre- and post-training and 
among three groups of subjects: control group (CON), exercise group 
(EX) and exercise combined vitamin C supplementation group (EX + 
Vit. C)………………………………………………………………………….. 85 

4.16 The comparison of cholesterol (mg/dl) between pre- and post-training 
and among three groups of subjects: control group (CON), exercise 
group (EX) and exercise combined vitamin C supplementation group 
(EX + Vit. C)…………………………………………………………………. 86 

4.17 The comparison of triglyceride (mg/dl) between pre- and post-training 
and among three groups of subjects: control group (CON), exercise 
group (EX) and exercise combined vitamin C supplementation group 
(EX + Vit. C)………………………………………………………………….. 88 

4.18 The comparison of high density lipoprotein cholesterol; HDL-C 
(mg/dl) between pre- and post-training and among three groups of 
subjects: control group (CON), exercise group (EX) and exercise 
combined vitamin C supplementation group (EX + Vit. C)……….…….. 

 
 
 

91 
 

 



 
 

xix 

Figure  Page 
4.19 The comparison of low density lipoprotein cholesterol; LDL-C (mg/dl) 

between pre- and post-training and among three groups of subjects: 
control group (CON), exercise group (EX) and exercise combined 
vitamin C supplementation group (EX + Vit. C)…………………………… 89 

4.20 The comparison of total Immunoglobulin E; Total IgE (IU/ml) between 
pre- and post-training and among three groups of subjects: control 
group (CON), exercise group (EX) and exercise combined vitamin C 
supplementation group (EX + Vit. C)……………………………………….. 90 

4.21 The comparison of total Immunoglobulin E; Total IgE (IU/ml) between 
pre- and post-training in control group (CON) (n=6)…………………… 91 

4.22 The comparison of total Immunoglobulin E; Total IgE (IU/ml) between 
pre- and post-training in exercise group (EX) (n=6)……………………. 91 

4.23 The comparison of total Immunoglobulin E; Total IgE (IU/ml) between 
pre- and post-training in exercise combined vitamin C supplementation 
group (EX + Vit. C) (n=7)……………………………………………………. 92 

4.24 The comparison of specific immunoglobulin E; Specific IgE 
(D.pteronyssinus) (kUA/L) between pre- and post-training and 
among three groups of subjects: control group (CON), exercise 
group (EX) and exercise combined vitamin C supplementation 
group (EX + Vit. C)…………………………………………………………. 93 

4.25 The comparison of specific immunoglobulin E; Specific IgE 
(D.pteronyssinus) (kUA/L) between pre- and post-training in control 
group (CON) (n=6)…………………………………………………………. 

 
 

93 
4.26 The comparison of specific immunoglobulin E; Specific IgE 

(D.pteronyssinus) (kUA/L) between pre- and post-training in exercise 
group (EX) (n=6)…………………………………………………………… 94 

4.27 The comparison of specific immunoglobulin E; Specific IgE 
(D.pteronyssinus) (kUA/L) between pre- and post-training in exercise 
combined vitamin C supplementation group (EX + Vit. C) (n=7)………... 

 
 

94 
 



 
 

xx 

Figure  Page 
4.28 The comparison of malondialdehyde; MDA (µmol/L) between pre- and 

post-training and among three groups of subjects: control group 
(CON), exercise group (EX) and exercise combined vitamin C 
supplementation group (EX + Vit. C)…………………………………….. 95 

4.29 The comparison of interleukin-2 (pg/ml) between pre- and post-
training in three groups of subjects: control group (CON), exercise 
group (EX) and exercise combined vitamin C supplementation group 
(EX + Vit. C)………………………………………………………………… 98 

4.30 The comparison of interleukin-2 after 5 minutes nasal challenge by 
house dust mite (D.pteronyssinus) between pre- and post-training in 
control group (CON)………………………………………………………… 100 

4.31 The comparison of interleukin-2 after 5 minutes nasal challenge by 
house dust mite (D.pteronyssinus) between pre- and post-training in 
exercise group (EX)…………………………………………………………. 100 

4.32 The comparison of interleukin-2 after 5 minutes nasal challenge by 
house dust mite (D.pteronyssinus) between pre- and post-training in 
exercise combined vitamin C supplementation group (EX + Vit. C)……. 101 

4.33 The comparison of interleukin-4 (pg/ml) between pre- and post-
training in three groups of subjects: control group (CON), exercise 
group (EX) and exercise combined vitamin C supplementation group 
(EX + Vit. C)…………………………………………………………………... 102 

4.34 The comparison of interleukin-4 after 5 minutes nasal challenge by 
house dust mite (D.pteronyssinus) between pre- and post-training in 
control group (CON)………………………………………………………… 

 
 

104 
4.35 The comparison of interleukin-4 after 5 minutes nasal challenge by 

house dust mite (D.pteronyssinus) between pre- and post-training in 
exercise group (EX)…………………………………………………………. 105 

4.36 The comparison of interleukin-4 after 5 minutes nasal challenge by 
house dust mite (D.pteronyssinus) between pre- and post-training in 
exercise combined vitamin C supplementation group (EX + Vit. C)……. 105 



 
 

xxi 

Figure  Page 
4.37 The comparison of interleukin-13 (pg/ml) between pre- and post-

training in three groups of subjects: control group (CON), exercise 
group (EX) and exercise combined vitamin C supplementation group 
(EX + Vit. C)………………………………………………………………….. 106 

4.38 The comparison of interleukin-13 after 5 minutes nasal challenge by 
house dust mite (D.pteronyssinus) between pre- and post-training in 
control group (CON)………………………………………………………… 108 

4.39 The comparison of interleukin-13 after 5 minutes nasal challenge by 
house dust mite (D.pteronyssinus) between pre- and post-training in 
exercise group (EX)…………………………………………………………. 109 

4.40 The comparison of interleukin-13 after 5 minutes nasal challenge by 
house dust mite (D.pteronyssinus) between pre- and post-training in 
exercise combined vitamin C supplementation group (EX + Vit. C)……. 109 

4.41 The comparison of peak nasal inspiratory flow; PNIF (liter/sec) 
between pre- and post-training and among three groups of subjects: 
control group (CON), exercise group (EX) and exercise combined 
vitamin C supplementation group (EX + Vit. C)………………………….. 112 

4.42 The comparison of PNIF after nasal challenge on 5, 15, 30, 45 and 60 
minutes between pre- and post-training in control group (CON)……….. 114 

4.43 The comparison of PNIF after nasal challenge on 5, 15, 30, 45 and 60 
minutes between pre- and post-training in the exercise group (EX)….. 114 

4.44 The comparison of PNIF after nasal challenge on 5, 15, 30, 45 and 60 
minutes between pre- and post-training in the exercise combined 
vitamin C supplementation group (EX + Vit. C)………………………… 

 
 

115 
4.45 The comparison of nasal blood flow (AU) between pre- and post-

training and among three groups of subjects: control group (CON), 
exercise group (EX) and exercise combined vitamin C supplementation 
group (EX + Vit. C)………………………………………………………….. 116 

4.46 The comparison of NBF after nasal challenge on 5, 15, 30, 45 and 60 
minutes between pre- and post-training in the control group (CON)…. 119 



 
 

xxii 

Figure  Page 
4.47 The comparison of NBF after nasal challenge on 5, 15, 30, 45 and 60 

minutes between pre- and post-training in the exercise group (EX)….. 119 
4.48 The comparison of NBF after nasal challenge on 5, 15, 30, 45 and 60 

minutes between pre- and post-training in the exercise combined 
vitamin C supplementation group (EX + Vit. C)………………………… 120 

4.49 The comparison of nasal congestion (level) between pre- and post-
training and among three groups of subjects: control group (CON), 
exercise group (EX) and exercise combined vitamin C supplementation 
group (EX + Vit. C)………………………………………………………….. 121 

4.50 The comparison of itching (level) between pre- and post-training and 
among three groups of subjects: control group (CON), exercise group 
(EX) and exercise combined vitamin C supplementation group (EX + 
Vit. C)…………………………………………………………………………. 122 

4.51 The comparison of sneezing (level) between pre- and post-training and 
among three groups of subjects: control group (CON), exercise group 
(EX) and exercise combined vitamin C supplementation group (EX + 
Vit. C)………………………………………………………………………….. 123 

4.52 The comparison of rhinorrhea (level) between pre- and post-training 
and among three groups of subjects: control group (CON), exercise 
group (EX) and exercise combined vitamin C supplementation group 
(EX + Vit. C)…………………………………………………………………... 124 

4.53 The comparison of total rhinitis symptoms (level) between pre- and 
post-training and among three groups of subjects: control group 
(CON), exercise group (EX) and exercise combined vitamin C 
supplementation group (EX + Vit. C)……………………………………….. 125 

4.54 The comparison of nasal congestion after nasal challenge on 5, 15, 
30, 45 and 60 minutes between pre- and post-training in the control 
group (CON)………………………………………………………………... 

 
 

129 
 

 



 
 

xxiii 

Figure  Page 
4.55 The comparison of nasal congestion after nasal challenge on 5, 15, 

30, 45 and 60 minutes between pre- and post-training in the exercise 
group (EX)………………………………………………………………… 129 

4.56 The comparison of nasal congestion after nasal challenge on 5, 15, 
30, 45 and 60 minutes between pre- and post-training in the exercise 
combined vitamin C group (EX + Vit. C)……....................................... 130 

4.57 The comparison of itching after nasal challenge on 5, 15, 30, 45 and 
60 minutes between pre- and post-training in the control group 
(CON)………………………………………………………………………... 132 

4.58 The comparison of itching after nasal challenge on 5, 15, 30, 45 and 
60 minutes between pre- and post-training in the exercise group (EX). 132 

4.59 The comparison of itching after nasal challenge on 5, 15, 30, 45 and 
60 minutes between pre- and post-training in the exercise combined 
vitamin C group  (EX + Vit. C)…………………………………………….. 133 

4.60 The comparison of sneezing after nasal challenge on 5, 15, 30, 45 
and 60 minutes between pre- and post-training in the control group 
(CON)………………………………………………………………………... 135 

4.61 The comparison of sneezing after nasal challenge on 5, 15, 30, 45 
and 60 minutes between pre- and post-training in the exercise group 
(EX)…………………………………………………………………………... 135 

4.62 The comparison of sneezing after nasal challenge on 0, 15, 30, 45 
and 60 minutes between pre- and post-training in the exercise 
combined vitamin C group (EX + Vit. C)………………………………… 136 

4.63 The comparison of rhinorrhea after nasal challenge on 5, 15, 30, 45 
and 60 minutes between pre- and post-training in the control group 
(CON)………………………………………………………………………... 138 

4.64 The comparison of rhinorrhea after nasal challenge on 5, 15, 30, 45 
and 60 minutes between pre- and post-training in the exercise group 
(EX)…………………………………………………………………………... 

 
 

138 
 



 
 

xxiv 

Figure  Page 
4.65 The comparison of rhinorrhea after nasal challenge on 5, 15, 30, 45 

and 60 minutes between pre- and post-training in the exercise 
combined vitamin C group (EX + Vit. C)………………………………… 139 

4.66 The comparison of total rhinitis symptoms after nasal challenge on 5, 
15, 30, 45 and 60 minutes between pre- and post-training in the 
control group (CON)……………………………………………………….. 141 

4.67 The comparison of total rhinitis symptoms after nasal challenge on 5, 
15, 30, 45 and 60 minutes between pre- and post-training in the 
exercise group (EX)………………………………………………………... 141 

4.68 The comparison of total rhinitis symptoms after nasal challenge on 5, 
15, 30, 45 and 60 minutes between pre- and post-training in the 
exercise combined vitamin C group (EX + Vit. C)……………………… 142 

5.1 The conclusion of study…………………………………………………… 154 
 



CHAPTER I 
INTRODUCTION 

 
Background and Rationale 
  Allergy is a common disease in Thailand and tends to affect more people 
especially one who lives in the large cities. This is an important health problem for 
patients themselves, their families, societies and also the nation (Boonyaleepan and 
Boonyaleepan, 2006). Allergic rhinitis; AR is the most common atopic disorder, affecting 
10-25 % of the worldwide population. It was also found that 26 % of the England 
population and about 20-40 million people in the United States were suffered from this 
disorder (Storm, 2008).  In Thailand, the prevalence of allergic rhinitis was 25-30 % of 
the total population (Assanasen, 2008). Moreover, the allergy organization of 
Chulalongkorn hospital studied the prevalence and severity of allergies in children aged 
6-18 years in Bangkok and 9 provinces from January 2006 to June 2007 by using the 
questionnaire and the study showed that most sample were suffered from allergic rhinitis 
(49.3 %), the second was Urticaria (27 %), atopic dermatitis (25.6 %), allergic 
conjunctivitis (21.7 %), food allergy (11 %), asthma (6.8 %) and drug allergy (4.9 %) 
(Ngamphaiboon and Vangveeravong, 2009).   
  Allergic rhinitis is a disease caused by a malfunction of the immune 
system in nasal mucosa. It affects quality of life; physical, mental illnesses and also 
socialization, comparing with healthy persons (Assanasen, 2008). Ngamphaiboon and 
Vangveeravong (2009) showed that this disease had effect on 38.5 % sleeping, 30.9 % 
sickness and 28.7 % annoyance. Allergic rhinitis is a common occurrence for several 
reasons. First, the predisposing factor is the genetic. Second, the primary or specific 
factor is allergen that is the most common house dust mites, cockroaches, grass pollen 
and mold (Potirat, 2003). And third, secondary or precipitating factors that increase the 
allergic rhinitis symptoms such as infection, direct irritants, physical factors, 
psychological factors and anatomical abnormalities (Vichyanond et al., 2000). Allergic 
rhinitis can be divided into two categories; seasonal allergic rhinitis triggered by pollen, 
grass, and weeds and perennial allergic rhinitis caused by indoor allergens such as 
dust mites, pet dander, and mold. People who have seasonal allergic rhinitis commonly 
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suffer from the disease only a period of time or season (Kemp, 2009). In the nose 
allergens are processed by antigen- presenting cells (dendritic cells expressing CD1a 
and CD11c and macrophages) in the nasal epithelial mucosa, with subsequent 
presentation of allergenic peptides by MHC class II molecules to T-cell receptors on 
resting CD4+ T lymphocytes in regional lymph nodes. With costimulatory signals, 
allergen-stimulated T cells proliferate into Th2-biased cells that release IL-3, IL-4, IL-5, 
IL-13, and other cytokines. These cytokines then lead to a cascade of events that 
promote B-cell isotype switching with subsequent local and systemic production of 
allergen-specific IgE antibody production by plasma cells, eosinophilic infiltration into 
the nasal epithelium and mucosa, and mast cell proliferation and infiltration of airway 
mucosa (Dykewicz, 2010). The symptoms of allergic rhinitis include; itching, nasal 
congestion, sneezing, rhinorrhea caused by allergic reactions between allergen and 
Immunoglobulin E (IgE). This reaction causes the secretion of mediator such as 
histamine, leukotriene and prostaglandin to cause the rhinitis symptoms (Banjapolpitak 
et al., 2001). In addition, the symptoms for patients are red itchy eyes and headaches 
(Storms, 2008). The nasal congestion caused by the direct effect of the mediator to the 
blood vessels and nerve endings, it was stimulating vasodilatation of vessel and 
increases blood permeability cause to swelling in nasal mucosa and nasal passages. 
The runny nose or rhinorrhea is reflex mechanism in the vidian nerve, which is important 
in stimulating the secretion of mucus. This symptom is caused by a mucous glands 
produce more mucus (Vichyanond, 2000).  
  There are many problems that the patients suffering from allergic rhinitis 
have to cope with. First, the discomfort caused by the symptoms of the disease. The 
survey found that most patients have a stuffy nose (43 %), followed by runny nose (31 
%). Second, a study showed that allergic rhinitis patients have worse quality of life. The 
symptoms of nasal congestion, runny nose, make them cannot sleep well at night. Third, 
the complications of allergic rhinitis can cause sinusitis, reduced odor, ear tubes 
malfucntion, chronic hoarseness, sore throat and asthma. Last, the treatment of the 
disease costs, both direct and indirect costs. Direct costs are nasal and oral 
medications or immune therapy. Indirect costs are the cost of associated complications 
treatment, and quality of life in recognition and work life (Potirat, 2003). In 2000, the 
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United States paid for the treatment of allergic rhinitis about 6 billion dollars (Stempel  
and Woolf, 2002). In Thailand, a survey found that the cost dealing with the symptoms of 
allergic rhinitis was 777.12 baht per month (Sudchai, 2006). 
  The diagnosis of AR can usually be made from the history and physical 
examination. Allergy testing can be performed to identify which allergens are 
responsible for the symptoms. There are 2 methods used to determine the presence of 
immunoglobulin (Ig)-E antibodies to specific allergens: skin testing, and 
radioallergosorbent (RAST) testing (Lehman and Lieberman, 2007). The symptoms were 
diagnosed in many ways in clinical and research including the rhinoscopy; a method for 
analyzing anterior and posterior of nasal cavity (Windsor and Johnson, 2006; Rawlings, 
2009), rhinomanometry; a method for measuring nasal resistance (Nathan et al., 2005; 
Priftis et al., 2006; Ciprandi et al., 2009), peak nasal flowmetry; a method for measuring 
the volume of air exhaled from the nose (Martin, et al., 2008; Pinar et al., 2008), acoustic 
rhinometry; a method for measuring volume of the nasal cavity based on the reflection of 
sound waves to the cross-sectional area or width of the nasal cavity in various positions 
(Kim et al., 2008; Warrier et al., 2009). In addition, there are other allergy test methods 
i.e. cytokine analysis in blood, nasal lavage fluid, and nasal secretion by using flow 
cytometry (Howarth et al., 2005). 

In 2003, Scavuzzo et al. (2003) were found that the cytokines IL-6 and IL-
10 in allergic rhinitis patients were significantly higher than healthy, but there were no 
significant difference in Interferon-gramma. Moreover, Rondon et al. (2007) studied the 
immunoglobulin E and cytokine in nasal lavage fluid of allergic rhinitis patients by 
dropping saline 10 ml. into the nose and analyzed by flow cytometry. They found that flow 
cytometry could detect the difference of cytokine in patients with allergic rhinitis and 
normal people. Furthermore, the study of nasal mucosa fluids in occupational rhinitis, 
which measured after nasal challenge showed an increase in eosinophils but the level of 
neutrophils and myeroperoxidase did not change (Castano et al., 2010). 
  The treatment for allergic rhinitis were avoiding or eliminating allergen, 
using drugs to relieve symptoms and taking vaccine. It is reasonable to conclude that 
no one treatment is totally effective and that the different treatments target the different 
symptoms and signs of the disease (Al Suleimani and Walker, 2007). The patients with 

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Stempel%20DA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Woolf%20R%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Windsor%20RC%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Johnson%20LR%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Rawlings%20CA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Nathan%20RA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Priftis%20KN%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ciprandi%20G%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Pinar%20E%22%5BAuthor%5D
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allergic rhinitis should be take care themselves; have a healthy diet, have a good sleep, 
maintain good mental health and perform exercise regularly (Assanasen, 2008).  
  Recently, there were many studies about acute exercise or single bout 
exercise that induced the symptoms of allergy, such as exercise induced 
bronchoconstriction; EIB (Zietkowski et al., 2008, Manjra et al., 2009, Randolph, 2010) 
and exercise induced rhinitis; EIR (Silvers and. Poole, 2006, Schwartz et al., 2008). 
These researches used high intensity exercise (Strenuous exercise) induced acute 
symptoms of allergy. Valero et al. (2005) studied in patients with allergic rhinitis and 
asthma by cycling ergometer for 6 minutes at 80 - 90% of maximum heart rate. They 
found that exercise increased nasal volume, but decreased forced expiratory volume in 
1 second (FEV1). In 2006, Silvers and Poole, (2006) reported that exercise-induced 
rhinitis, predominantly rhinorrhea, commonly occurs in athletes regardless of underlying 
nasal cavity. In 2010, Aldred et al. (2010) investigated the effect of an acute steady state 
moderate intensity exercise task on circulating immunoglobulin E. The results shown that 
IgE levels increased in airborne allergic volunteers but decreased in food allergic 
volunteers, after exercise at 60% of maximal power output for 40 minutes. This study 
indicated that acute steady state moderate exercise significantly altered circulating IgE 
concentrations in volunteers with known allergy, while IgE concentrations in non-allergy 
sufferers did not change (Aldred et al., 2010). 
  Aerobic exercise training has been recommended as an effective 
adjuvant treatment in the management of symptoms in patients with many disease 
including hypertension (Smith et al., 2007), diabetes (Zoppini et al., 2006; Gill et al., 
2007), heart disease (Swain and Franklin, 2006; Hirschhorn et al., 2008) and obesity 
(Ozcelik et al., 2006; Ghroubi et al., 2009; Shang and Hasenberg, 2010). However, the 
study in the effects of aerobic exercise training in the patients with allergic rhinitis are 
very few and still unclear.  Most of these studies were done in animal. In 2007, Vieira et 
al. (2007) studied in allergic asthma mice. They found that running on treadmill 50% of 
maximum speed and 75% of maximum speed for 60 minutes per day, 5 days per week, 
for 4 weeks could infiltrate eosinophil and no significant difference in the presence of 
Th2 cytokines such as interleukin 4 (IL-4) and interleukin 5 (IL-5) found. It indicated that 
mild and moderate aerobic exercise training decrease airway inflammation and 
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remodeling in a murine model of asthma. After that, in 2008, Vieira et al. (2008) have 
reported that aerobic conditioning decrease pulmonary vascular and parencymal 
inflammation and remodeling in this experimental model of chronic allergic lung 
inflammation in mice. Moreover, recent study has reported that aerobic exercise 
increased the immunoglobulin E (IgE) and immunoglobulin G (IgG) but reduced 
eosinophils, CD3+, CD4+, IL-4, IL-5, IL-13, nuclear factor-kappa-B; NF-kB, airway 
remodeling, mucus synthesis, the thickness of smooth muscle and nasal resistance in a 
chronic model of allergic lung inflammation in mice (Silva et al., 2010). However, there is 
hypothesis that engaging in moderate activity may enhance immune function, but 
excessive amounts of prolonged, high-intensity exercise may impair immune function 
(Gleeson, 2007). 
  Vitamin C or ascorbic acid is an important antioxidant of the body. The 
vitamin C is water soluble vitamins. It does not cause accumulation of toxins in the body 
and has no side effects (Thornhill and Kelly, 2000; Michael, 2008). In addition, vitamin C 
is also essential for the synthesis of collagen, a fiber produced by the various tissues 
and is essential for wound healing and maintenance of bones and teeth (Maggini, 2010). 
Vitamin C supplementation is used to prevent and treat various diseases including 
cardiovascular disease (Houston, 2010), diabetes (Chen et al., 2006; Ceriello et al., 
2007), hypertension (Sato et al. 2006; Mahajan et al. 2007; Plantinga et al. 2007; Block 
et al. 2008; Hatzitolios et al. 2008; Ledlerc et al. 2009) common cold (Douglas and 
Hemila, 2005; Sasazuki et al., 2006) and cancer (Verrax and Calderon, 2008). 
Furthermore, there are some reports in the studied effects of vitamin C supplementation 
combined with exercise diabetes (Chakraphan et al., 2007) and heart disease (Angus et 
al., 2002). It has been suggested that vitamin C deficiency causes reduction of immune 
function, the adequate amount of vitamin C could enhance phagocytic cell and T 
lymphocyte functioning in the immune system (Anderson et al., 1990; Wintergerst et al., 
2006). In 2004, Hartel et al. (2004) reported that vitamin C could inhibit cytokine 
secretion such as tumor Necrosis Factor Alpha; TNF-α, interleukin 2; IL-2 and interleukin 
6; IL-6 in the inflammatory process. However, the effects of vitamin C supplementation in 
allergic rhinitis patients are conflicting. Some studies reported that vitamin C had no 
effect on the reaction of allergic sensitisation (Forastiere et al., 2000; McKeever and 
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Britton, 2004), hay fever (Nagel et. al., 2003) and allergic rhinitis (Kompauer et al., 
2006). Some studies reported that vitamin C was good for allergy sufferers. Helms and 
Miller (2006) demonstrated the application of vitamin C sprayed into the nose three 
times a day for 2 weeks improved the symptoms of patients with allergic rhinitis by 
reducing fluids to stimulate the congestion and swelling in the nasal cavity. Moreover, 
Thornhill and Kelly (2000) suggested that using vitamin C at least 2 grams per day could 
prevent the release of histamine from white blood cells for naturally allergic rhinitis 
treatment 
  Despite the known effects of exercise training and vitamin C 
supplementation on healthy and patients with chronic disease individuals, few studies 
have investigated the effect of exercise training and supplemented vitamin C on allergy 
inflammatory response. Moreover, there is no report showing a synergistic protective 
role of exercise training combined with vitamin C supplementation. Therefore, the 
present study was designed to establish whether exercise training and/or dietary 
supplementation of vitamin C have favorable effect in the immune function. Additionally, 
we interested to investigate the effects of moderate aerobic exercise training and 
vitamin C supplementation on physical fitness, cytokines response and symptoms in 
patients with allergic rhinitis. The knowledge arised from this study will be the guidelines 
for the care of patients with allergic rhinitis in order to reduce the cost of treatment for 
both themselves and the nation.  
 
Research questions 
 

1. How does moderate exercise training effect on cytokine and rhinitis 
symptoms in patients with allergic rhinitis? 

2. How does moderate exercise training combined with vitamin C 
supplementation effect on cytokine and rhinitis symptoms in patients with allergic 
rhinitis? 

3. How difference effects of moderate exercise training and moderate 
exercise training combined with vitamin C supplementation on cytokine and rhinitis 
symptoms in allergic rhinitis patients?  

http://th.w3dictionary.org/index.php?q=additionally
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The purposes of this study 
 
  1. To determine the effects of moderate exercise training on cytokine and 
rhinitis symptoms in patients with allergic rhinitis. 
  2. To determine the effects of moderate exercise training combined with 
vitamin C supplementation on cytokine and rhinitis symptoms in patients with allergic 
rhinitis. 
  3. To compare the effect of aerobic exercise training and aerobic 
exercise training combined with vitamin C supplementation on cytokine and rhinitis 
symptoms in patients with allergic rhinitis. 
 
Research Hypotheses 
 

1. Moderate exercise training decreases cytokine response and rhinitis 
symptoms in patients with allergic rhinitis. 
  2. Moderate exercise training combined with vitamin C supplementation 
decreases cytokine response and rhinitis symptoms in patients with allergic rhinitis. 
  3. Moderate exercise training combined with vitamin C supplementation 
has more beneficial effects than moderate exercise training alone for decreasing 
cytokine response and rhinitis symptoms in patients with allergic rhinitis. 
 
Scope of research 
 

1. The participants were the nineteen patients with allergic rhinitis who 
were students and official personnel in Chulalongkorn University. Nineteen patients with 
allergic rhinitis, aged 18-45 years old, were recruited. They were randomized into 3 
groups; 

- Group I: Control group (CON; n=6) (non exercise)  
- Group II: Exercise group (EX; n=6) (moderate exercise training 

65-70% HRR)  
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- Group III: Exercise combined vitamin C supplement group    
(EX + Vit. C; n=7) (moderate exercise training 65-70% HRR and intake vitamin C 2,000 
mg./day) 

2. The variables used in the study include; 
2.1 Independent variables were a moderate exercise training and 

vitamin C supplements. 
2.2 Dependent variables were 
 - Physiological variables as to body weight, percent body 

fat, resting heart rate and blood pressure. 
 - Blood chemical variables as to complete blood count, 

lipid profile, malondialdehyde, total immunoglobulin E, specific IgE (D. pteronyssinus)  
- Cytokine levels in blood and nasal secretion as to  IL-2, 

IL-4 and IL-13. 
- Rhinitis symptoms variables as to nasal blood flow, peak 

nasal inspiratory flow and rhinitis symptoms score. 
  

Operational definition 
 
  Allergic rhinitis is an allergic inflammation of the nasal airways. It is 
caused by the allergens and inflammation of the lining of the nose. The patient has a 
nasal congestion, itching, sneezing, runny nose, etc. 
  Acute exercise is a single bout of exercise done at a specific time for a 
specific amount of time. 
  Aerobic exercise training is an activity that raises the body's demand for 
oxygen, resulting in a temporary increase in rate of respiration and heart rate. In this 
study we use treadmill to exercise training. 
  Vitamin C is an essential nutrient found mainly in fruits and vegetables. 
The body requires vitamin C to form and maintain bones, blood vessels, and skin. It is 
one of many antioxidants. Antioxidants are nutrients that block some of the damage 
caused by free radicals. 

http://en.wikipedia.org/wiki/Allergic
http://en.wikipedia.org/wiki/Inflammation
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  Nasal blood flow is rate of the subcutaneous blood flow as measured by 
the speed and the average concentration of hemoglobin in the tissue samples (Flux) by 
using laser Doppler. 
  Peak nasal inspiratory flow is a clinical trial that has been instituted in 
clinical practice in order to determine the extent of nasal airway patency and it is used to 
assess the degree of nasal obstruction. 
  Lung function is a total lung capacity refers to the total amount of air in 
the lungs after taking the deepest breath possible by used spirometer. 
  Maximal oxygen Consumption (Vo2max) is the maximal oxygen uptake or 
the maximum volume of oxygen that can be utilized in one minute during maximal or 
exhaustive exercise. It is measured as milliliters of oxygen used in one minute per 
kilogram of body weight. 

Cytokine is a generic term for nonantibody proteins released by one cell 
population on contact with specific antigen, which act as intercellular mediators, as in 
the generation of an immune response. The cytokines in this study included IL-2, IL-4, 
and IL-13. 
  Nasal secretion is mucus produced in the nasal mucosa. In this study 
used the filter paper and analyzed by flow cytometry method. 
  Rhinitis symptom scores is the symptoms of allergic rhinitis that using 
questionnaires to assess symptoms. The symptoms including nasal congestion, itching, 
sneezing and rhinorrhea. 
 
Expected benefits and applications 
  
  1. To understand the effects of aerobic exercise training on cytokine 
concentration in nasal secretion and rhinitis symptoms in patients with allergic rhinitis. 

2. To understand the effects of aerobic exercise training combined with 
vitamin C supplementation on cytokines in nasal secretion and rhinitis symptoms in 
patients with allergic rhinitis. 

http://en.wikipedia.org/wiki/Mucosa


 10 

3. To understand the comparative effects between aerobic exercise 
training and aerobic exercise training combined with vitamin C supplementation on 
cytokines in nasal secretion and rhinitis symptoms in patients with allergic rhinitis. 

4. To providing exercise training recommendations for protection and 
rehabilitation in allergic rhinitis patients. 
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Conceptual Framework 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

Fig 1.1 Conceptual framework  
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CHAPTER II 
LITERATURE REVIEW 

 
The aim of the present study was to determine the effect of exercise 

training combined with vitamin C supplementation on cytokine secretion and rhinitis 
symptoms in patients with allergic rhinitis. This chapter will explore the literature were 
listed as followed:- 

1. Allergic rhinitis 
 1.1 Definition of allergic rhinitis 
 1.2 Prevalence and epidemiology of allergic rhinitis 
 1.3 Classification of allergic rhinitis 
 1.4 Pathophysiological of allergic rhinitis 
 1.5 Sign and Symptoms of allergic rhinitis 
 1.6 Treatment of allergic rhinitis 
2. Cytokines 
 2.1 Characteristic of cytokine and their receptor 
 2.2 Cytokine abbreviations, sources, and functions 
 2.3 T-helper lymphocyte and allergy 
 2.4 Cytokines and allergic rhinitis 
3. Oxidant and antioxidant 
 3.1 Free radicals and oxidative stress 
 3.2 Antioxidant 
 3.3 Free radicals, antioxidant and exercise 
 3.4 Oxidative stress and allergic rhinitis  
4. Vitamin C 
 4.1 Nutrient sources and actions 
 4.2 Vitamin C as an antioxidant 
 4.3 Clinical efficacy of vitamin C 
 4.4 Vitamin C and allergic rhinitis 
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  5. Exercise 
   5.1 Acute exercise and chronic exercise 
   5.2 Components of the training session 
   5.3 The exercise FITT principles 
   5.4 Exercise and allergic rhinitis 
  6. The preliminary study  
 
1. Allergic rhinitis 
 

1.1 Definition of allergic rhinitis 
  Allergic rhinitis is defined as an abnormal inflammation of the membrane 
lining the nose. It is characterized by nasal congestion, rhinorrhea, sneezing, itching of 
the nose, and/or postnasal drainage (Bousquet et al., 2001). Additionally, airway 
hypersensitivity may develop. A loss of the sense of smell and an inability to taste may 
occur. Moreover, some patients experience sleep disturbances, decreased emotional 
well-being and social functioning, headache, and irritability. On physical examination, 
nasal obstruction can often be seen with pale to bluish nasal mucosa, enlarged or 
boggy turbinates, clear nasal secretions, and pharyngeal cobble-stoning (Al Suleimani 
and Walker, 2007).  
  Common allergens causing allergic rhinitis include proteins and 
glycoproteins in airborne dust mite fecal particles, cockroach residues, animal danders, 
molds, and pollens. On inhalation, allergen particles are deposited in nasal mucus, with 
subsequent elution of allergenic proteins and diffusion into nasal tissues (Dykewicz and 
Hamilos, 2010).    
 

 1.2 Prevalence and epidemiology of allergic rhinitis 
  Allergic rhinitis is an extremely common health problem, affecting 20 to 
40 million Americans, approximately 26% of the population in the United Kingdom, and 
approximately 10-25% of the population worldwide (Storms, 2008). The prevalence varies 
with age: 32% of patients are 17 years or younger, 43% are 18–44 years of age, 17% are 
45–64, and only 8% are 65 years or older (Law et al., 2003). 
 

http://www.sciencedirect.com/science/article/pii/S016372580700037X#ref_bib35
http://www.sciencedirect.com/science/article/pii/S016372580700037X#ref_bib171
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  Another important and perhaps under appreciated aspect of allergic 
rhinitis is its negative impact on quality of life of patients. The total of 80% of patients in 
the survey studied complained of being frequently (44%) or sometimes (36%) tired 
because of their nasal allergy problems, and nearly two-thirds reported that they 
frequently or sometimes felt miserable or irritable during the allergy season. In another 
survey of 1,322 self-reported allergic rhinitis sufferers, over half indicated that their 
allergy condition interfered with sleep (68% among those with perennial allergic rhinitis 
and 51% among those with seasonal allergic rhinitis) (Storms, 2008). 
  In 1996, the overall direct costs of treating allergic rhinitis exceeded 
$3 billion with an additional $4 billion for treating comorbidities that are triggered or 
exacerbated by rhinitis. To this cost must be added indirect costs such as lowered 
productivity and lost work time. In the United States alone, the number of lost workdays 
is estimated as 3.5 million a year ( Holgate and Broide, 2003; Mahr and Sheth, 2005). 
 

 1.3 Classification of allergic rhinitis 
  Rhinitis may be classified into non-allergic and allergic. Allergic rhinitis is 
further divided into seasonal and perennial. The allergic inflammatory process may 
involve different mediators in seasonal and perennial AR. (Figure 2.1) (Kemp, 2009).  

 
 

 
 
    
 
 
 
 
 

 
 
 

Figure 2.1 Functional classification of allergic rhinitis (Kemp, 2009). 

http://www.sciencedirect.com/science/article/pii/S016372580700037X#ref_bib127
http://www.sciencedirect.com/science/article/pii/S016372580700037X#ref_bib127
http://www.sciencedirect.com/science/article/pii/S1526054209000165#ref_fig1
http://www.sciencedirect.com/science/article/pii/S1526054209000165#ref_fig1
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  Traditionally, allergic rhinitis has been subdivided into seasonal and 
perennial, and either mild, moderate, or severe. Mild allergic rhinitis involves no sleep 
interruption, no impairment of daily activities, and no troubling symptoms. Moderate-to-
severe allergic rhinitis involves one or more of those factors. A newer classification 
system characterizes allergic rhinitis as intermittent, or persistent. In the intermittent form 
symptoms last less than 4 days per week with a total duration of less than 4 weeks. In 
the persistent form symptoms occur for more than 4 days per week for longer than 
4 weeks (Noble et al., 1995; Bousquet et al., 2001). Seasonal rhinitis is periodic due to 
the occurrence of seasonal allergens. Pollens that cause seasonal allergic rhinitis in the 
Northern Hemisphere are from trees in springtime, grass pollens from May to July and 
weed pollen and mould spores in late summer and autumn. Perennial (year round) 
disease involves nonseasonal allergens in the air, most commonly from mites (25%; 
Dermatophagoides pteronyssinus/farinae), animal dander antigens (15%; cats, dogs, 
rodents), fungal spores (10%; Alternaria, Cladosporium, Aspergillus, Penicillium), or 
exposure to workplace antigens (Al Suleimani and Walker, 2007). 
  Allergic rhinitis is a common occurrence for several reasons. The 
predisposing factor involves heredity. Primary of specific factor is allergen, the most 
common include dust, house dust mites, cockroaches and allergens in the atmosphere 
(grass and fungi). Secondary or precipitating factors which cause the promotion to 
increase the rhinitis symptoms including infection, direct irritants, physical factors, 
psycho factors) and anatomical abnormalities (Vichyanond et al., 2000). 
 

 1.4 Pathophysiological of allergic rhinitis 
  Nasal anatomy and physiology 
  The nasal cavity (Figure 2.2) is divided by the nasal septum, which is 
composed of bone more proximally and cartilage more distally. The inferior, middle, and 
superior turbinates in the nasal cavity promote air filtration, humidification, and 
temperature regulation. The nasal cavity and turbinates are lined with mucosa 
comprised of pseudostratified columnar ciliated epithelium that overlies a basement 
membrane and the submucosa (lamina propria). The submucosa consists of serous and 
seromucous nasal glands, nerves, extensive vasculature, and cellular elements. 
Overlying the nasal epithelium is a thin layer of mucus that dynamically moves by means 

http://www.sciencedirect.com/science/article/pii/S016372580700037X#ref_bib225
http://www.sciencedirect.com/science/article/pii/S016372580700037X#ref_bib35
http://www.sciencedirect.com/science/article/pii/S0091674909028814#ref_fig1
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of ciliary action to the posterior nasopharynx. Infections (viral or bacterial) and allergic 
inflammation impair mucociliary clearance. Because nasal tissues are highly vascular, 
vascular changes can lead to significant nasal obstruction. Vasoconstriction and 
consequent decreases in nasal airway resistance result from sympathetic nerve 
stimulation. Parasympathetic nerve stimulation promotes secretion from nasal airway 
glands and nasal congestion (Dykewicz and Hamilos, 2010). 

 
 
 
 
 
 
 

 
 
 

Figure 2.2 Nasal anatomy (Dykewicz and Hamilos, 2010). 
 

There is a rich parasympathetic innervation to nasal glands. Nervous 
stimulation of glandular cholinoceptors causes marked hypersecretion and is often part 
of a reflex arc. Blood vessels have both sympathetic and parasympathetic innervation 
but are controlled mainly by sympathetic fibers. A continuous release of norepinephrine 
is postulated to keeps the sinusoids partly contracted since the vasoconstrictor effects 
of stimulation of α-adrenoceptors is more marked than vasodilatation resulting from 
stimulation of β2-receptors (Dahl and Mygind, 1998). The release of the classic 
neurotransmitters, norepinephrine and acetylcholine, has in recent years been found to 
be accompanied by a number of peptide neurotransmitters. These neurotransmitters are 
secreted by afferent unmyelinated C fibers (substance P; SP, calcitonin gene-related 
prptide; CGRP, neurokinin A; NK-A, gastrin-releasing peptide); efferent parasympathetic 
nerve endings (vasoactive intestinal peptide; VIP, peptide histidine methionine), and 
from efferent sympathetic nerve endings (neuropeptide Y; NPY) (Uddman et al., 1987;  
Lundblad, 1990; Baroody, 1997). Neuropeptides are capable of generating local 

http://www.sciencedirect.com/science/article/pii/S016372580700037X#ref_bib67
http://www.sciencedirect.com/science/article/pii/S016372580700037X#ref_bib305
http://www.sciencedirect.com/science/article/pii/S016372580700037X#ref_bib305
http://www.sciencedirect.com/science/article/pii/S016372580700037X#ref_bib305
http://www.sciencedirect.com/science/article/pii/S016372580700037X#ref_bib178
http://www.sciencedirect.com/science/article/pii/S016372580700037X#ref_bib24
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reflexes that cause an increase in vascular permeability, plasma leakage, vasodilatation, 
and subsequent tissue oedema (Baraniuk, 1997) (Figure 2.3). 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

Figure 2.3 Schematic representation of the nasal neuronal control.  
(Al Suleimani and Walker, 2007) 

 
  Pathophysiology 
  In the nose allergens are processed by antigen- presenting cells 
(dendritic cells expressing CD1a and CD11c and macrophages) in the nasal epithelial 
mucosa, with subsequent presentation of allergenic peptides by MHC class II molecules 
to T-cell receptors on resting CD4+ T lymphocytes in regional lymph nodes. With 
costimulatory signals, allergen-stimulated T cells proliferate into Th2-biased cells that 
release IL-3, IL-4, IL-5, IL-13, and other cytokines. These cytokines then lead to a 
cascade of events that promote B-cell isotype switching with subsequent local and 
systemic production of allergen-specific IgE antibody production by plasma cells, 

http://www.sciencedirect.com/science/article/pii/S016372580700037X#ref_bib17
http://www.sciencedirect.com/science/article/pii/S016372580700037X#ref_fig2
http://www.sciencedirect.com/science/article/pii/S016372580700037X#ref_fig2
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eosinophilic infiltration into the nasal epithelium and mucosa, and mast cell proliferation 
and infiltration of airway mucosa. (Figure 2.4) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 2.4 Pathophysiology of allergic rhinitis.  

(Al Suleimani and Walker, 2007) 
 
Early/immediate allergic response 

  Within minutes of inhalation of allergen in sensitized subjects, deposited 
allergens are recognized by IgE antibody bound to mast cells and basophils, causing 
degranulation and release of preformed mediators, such as histamine and tryptase, and 
the rapid de novo generation of mediators, including cysteinyl leukotrienes (leukotrienes 

http://www.sciencedirect.com/science/article/pii/S016372580700037X#ref_fig2
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C4, D4, and E4) and prostaglandin D2. Mediators cause plasma leakage from blood 
vessels and dilation of arteriovenous arteriole venule anastomoses, with consequent 
edema, pooling of blood in the cavernous sinusoids (the principal cause of the 
congestion of allergic rhinitis), and occlusion of the nasal passages. Mediators also 
stimulate active secretion of mucus from glandular and goblet cells. Histamine elicits 
itching, rhinorrhea, and sneezing, whereas other mediators, such as leukotrienes and 
prostaglandin D2, likely have more important roles in the development of nasal 
congestion. Stimulation of sensory nerves results in the perception of nasal congestion 
and itching and can provoke systemic reflexes, such as sneezing paroxysms (Heppt et 
al., 2004; Wallace et al., 2008). 
  Late-phase response 
  Mediators and cytokines released during the early phase set off a 
cascade of events over the ensuing 4 to 8 hours that lead to an inflammatory response 
called the late response. Although clinical symptoms during the late phase might be 
clinically similar to those of the immediate reaction, nasal congestion is more prominent. 
The cysteinyl leukotrienes also play an active role in recruitment of inflammatory cells. 
Mediators and cytokines released during the early response act on postcapillary 
endothelial cells to promote expression of adhesion molecules, such as intercellular 
adhesion molecule 1, E-selectin, and vascular cell adhesion molecule 1, that promote 
adherence of circulating leukocytes, such as eosinophils, to endothelial cells. Factors 
with chemoattractant properties, such as IL-5 for eosinophils, promote the infiltration of 
the superficial lamina propria of the mucosa with many eosinophils, some neutrophils 
and basophils, and eventually CD4+ (Th2) lymphocytes and macrophages (Wallace et 
al., 2008). These cells become activated and release more mediators, which in turn 
activate many of the proinflammatory reactions seen in the immediate response. 
  Priming effect 
  The amount of allergen necessary to elicit an immediate response 
becomes less when allergen challenges are given repeatedly, a phenomenon called the 
priming effect (Heppt et al., 2004; Wallace et al., 2008). During ongoing, prolonged 
allergen exposure and repeated late-phase/inflammatory responses, the nasal mucosa 
becomes progressively more inflamed and responsive to allergen. Clinically, the priming 
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effect can explain why patients might have increasing symptoms despite decreasing 
aeroallergen levels as a season progresses and also provides the rationale for initiating 
effective anti-inflammatory rhinitis therapies before a pollen season or before other 
chronic or repetitive aeroallergen exposures. In addition, the priming effect from allergen 
is also associated with mucosal hyperresponsiveness to nonantigenic triggers, such as 
strong odors and cigarette smoke (Dykewicz and Hamilos, 2010).  
 

 1.5 Sign and Symptoms of allergic rhinitis 
  Classically the sensitized human nasal response to challenge with a 
relevant antigen can be itemized as consisting of the following symptoms and sign 
profile (Al Suleimani and Walker, 2007): 

(i) sneezing, generally occurs as multiple events and for extended 
periods; 

(ii) itching, in and around the nose and nasal mucosa; 
(iii) rhinorrhea, a copious water secretion from the nose; 
(iv) nasal congestion with airflow through one of both nasal passages 

being impaired, even to the point of complete blockade. 
The acute signs of allergic rhinitis include the following: 
(i) engorged nasal mucosa, with obvious congestion and obstruction; 
(ii) infiltration of immune cells into the nasal mucosa as shown by taking 

swabs of the nasal passages or by nasal lavage. 
Allergic rhinitis associated nasal congestion results from dilation of 

venous capacitance vessels in the nasal submucosa and increase vascular 
permeability, mucosa oedema with influx of inflammatory cells, and excess secretions 
(Rappai et al., 2003). The allergic response is composed of two phases: the early phase 
and late phase. During the early-phase nasal allergic response, antigen deposition on 
the mucosa surface results in binding of IgE antibodies to respiratory mucosa mast cells 
and peripheral blood basophils. Consequent mast cell degranulation and release of 
chemical mediators (e.g., histamine, leukotrienes, and proinflammatory cytokines) is the 
process primarily responsible for sneezing, itching, and rhinorrhea (Baranluk, 1997; 
Gelfand, 2004; Hansen et al., 2004). Nasal congestion – the predominant late phase 
symptom – results from the infiltration of inflammatory ccells (eosinophils and T ells) into 
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tissue, and consequent prolonged release of mediators (histamine, leukotrienes, and 
prostaglandins) (Storms, 2004). 
  Nasal congestion increase in the supine position, thus worsening its 
effects during sleep (Rundcrantz, 1969). In addition, nasal congestion, rhinorrhea, and 
sneezing exhibit circadian rhythms, with the greatest intensity in early morning, thus 
exacerbating their negative effects on sleep (Reinberg et al., 1988; Smolensky et al., 
1995). Allergic rhinitis-related inflammatory mediators also exhibit a circadian pattern, with 
levels peaking in early morning (Aoyagi et al., 1999). Moreover, sympathetic tone 
decrease at night, resulting in a relative parasympathetic excess, which is associated with 
nasal congestion and reduced bronchial dilation (Ferguson, 2004). 
 

 1.6 Treatment of allergic rhinitis  
  1. Allergen avoidance  

Rhinitis symptoms due to inhaled allergens may resolve in the absence 
of allergen (Kemp, 2009). Avoidance of inciting factors, such as allergens (house dust 
mites, molds, pets, pollens, and cockroaches), irritants, and medications, can effectively 
reduce symptoms of rhinitis. In particular, patients allergic to house dust mites should 
use allergen-impermeable encasings on the bed and all pillows. Pollen exposure can be 
reduced by keeping windows closed, using an air conditioner, and limiting the amount 
of time spent outdoors (Dykewicz and Hamilos, 2010). 

2. Medications 
Selection of medications should be individualized based on multiple 

considerations, including patient preference (e.g., intranasal vs oral), individual 
response (which can differ from average responses in the general population), and cost 
(Wallace et al., 2008). Some medications are more effective for treating certain types of 
rhinitis (e.g., allergic vs nonallergic), more severe symptoms, or particular rhinitis 
symptoms that are more bothersome to a patient (eg, nasal congestion) (Bousquet et 
al., 2008; Wallace et al., 2008). Medications also differ in onset of action, with those 
having more rapid symptom relief better suited to treating episodic rhinitis (defined by 
the Joint Task Force as allergic nasal symptoms elicited by sporadic exposures to 
inhalant aeroallergens that are not usually encountered in the patient's indoor or outdoor 
environment) (Wallace et al., 2008) or intermittent symptoms (defined by Allergic Rhinitis 
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and Its Impact on Asthma guidelines as present <4 days per week or <4 weeks 
duration) (Bousquet et al., 2008). 

3. Allergen immunotherapy/allergy vaccination 
Subcutaneous allergen immunotherapy can be highly effective in 

controlling symptoms of allergic rhinitis and favorably modifies the long-term course of 
the disease (American Academy of Allergy, 2007). Sublingual immunotherapy with 
single allergens, although part of clinical practice for the treatment of rhinitis in Europe, 
is undergoing clinical trials in the United States and is not approved by the US Food and 
Drug Administration (FDA) at the time of this manuscript's submission. Patients with 
allergic rhinitis should be considered candidates for immunotherapy on the basis of the 
severity of their symptoms, failure or unacceptability of other treatment modalities, 
presence of comorbid conditions, and possibly as a means of preventing worsening of 
the condition or the development of comorbid conditions (eg, asthma and sinusitis) 
(American Academy of Allergy, 2007; Wallace et al., 2008).  Approximately 80% of 
patients will experience symptomatic improvement after 1 to 2 years of subcutaneous 
immunotherapy, and guidelines recommend that treatment be continued for a total of 4 
to 5 years (American Academy of Allergy, 2007). In many patients the beneficial effects 
persist for years after injections are stopped. Allergen immunotherapy for allergic rhinitis 
can reduce the development of asthma in children and possibly in adults (American 
Academy of Allergy, 2007; Wallace et al., 2008). 
 
2. Cytokines 
 
 Cytokines, a class of molecular-weight molecules produced by many different 
cells in a highly regulated fashion, change the behavior and function of many different 
cells. Cytokines are regulatory and effector molecules that act at picomolar to nanomolar 
concentrations on cytokine receptors expressed by target cells. Cytokines are involved 
in signal transduction; they activate genes for growth, differentiation, and cell activity. 
They play a cardinal role in mediating the host’s defense against internal and external 
antigentic insults (Elgert, 2009).  
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 In 1979, an international workshop was convened to address the need to 
develop a consensus regarding the definition of these macrophage- and T cell-derived 
factors. Since they mediated signals between leukocytes, the term interleukin (IL) was 
coined. The macrophage-derived LAF and T cell-derived growth factor were given the 
names interleukin-1 (IL-1) and interleukin-2 (IL-2), respectively. Currently, numbers have 
been assigned to 29 interleukins, and the number will undoubtedly increase as research 
efforts continue to identify new members of this cytokine family (Coico et al., 2003). 
  

2.1 Characteristic of cytokine and their receptor (Elgert, 2009) 
 2.1.1 Cytokines are usually low molecular weight (usually < 30 kD) 

glycoproteins that are biochemically distinct. They are divided into four groups: the the 
hematopoietin family, the interferon family, the chemokine family, and the tumor necrosis 
family. 

 2.1.2 Cytokines are obtained from lymphoid and nonlymphoid tissues 
and cell. 

 2.1.3 Cytokines are pleiotropic (they can have multiple overlapping 
biological activities in disparate organ systems or cell); they are often redundant (different 
cytokines exhibit the same function). For example, IL-2, IL-4, and IL-5 can induce 
proliferation of B cells (Figure 2.5) 

 2.1.4 Cytokines are involved in inflammation and immunity; they regulate 
the amplitude and duration of the response. Some cytokines acts as regulators of cell 
division. 

 2.1.5 Cytokines are produced by lymphoid cells in response to: 
  a. Nonspecific mitogenic stimulants and 
  b. Specific antigenic stimulant (if previously sensitized). 
 2.1.6 Cytokines are compartmentalized. They are usually produced 

locally and transiently, acting in an autocrine (binding to the same cell that secreted the 
cytokine) or paracrine (binding to a nearby cell), rather than endocrine (binding to a 
distant cell), manner (Figure 2.5). The cytokines produced during an immune response 
interact in a cascade fashion. 
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Figure 2.5 Characteristic of cytokine (Elgert, 2009) 
 
2.1.7 Cytokines are synthesized briefly, are secreted in nanomolar 

amounts, and are self-limiting; thus, they have high specific activity (great biological 
potency at low concentrations). 

 2.1.8 Cytokines are nonspecific and antigen-independent in mode of 
activity. They react directly with many different types of target cells (pleiotropism) 
through high-affinity cell surface receptors specific for each cytokine or cytokine group. 
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Many of these receptors have two polypeptide chains: a cytokine-specific α chain and 
a signal-transducing β chain. Some cytokines share chains (such as, the common γ 
chain), and some have three chains. Cytokine binding leads to a change in the pattern 
of cellular RNA and protein synthesis and to altered cell behavior. The target cells are as 
follow; 

  a. Inflammatory cells: leukocytes (neutrophils, macrophages) and 
lymphocyes, 

  b. Noninflammatory cells: endothelial cells, osteoclasts, and 
fibroblasts. 

 2.1.9 All cytokine receptors have the typical receptor structure: an 
extracellular domain, a single membrane-spanning domain, and a cytoplasmic domain. 
The conserved amino acid sequence motifs found in the extracellular domains are used 
to defined the cytokine-receptor families: lg superfamily receptor, class I cytokine 
receptors, class II cytokine receptors, TNF receptor, and chemokine receptor. 

 2.1.10 Cytokine interacts in a network by: 
  a. Inducing each other (cascade-like activity). 
  b. Transmodulating cytokine cell surface receptors. 
  c. Interacting synergistically on cell functions. 

 

2.2 Cytokine abbreviations, sources, and functions (Elgert, 2009) 
 Cytokine abbreviations, sources, and functions were shown in Table 2.1 as 
following. 
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Table 2.1 Cytokine abbreviations, sources, and functions 
 

Abbreviations Sources Functions 
Interleukins 
IL-1α, IL-1β Monocytes, 

macrophages, 
endothelial cells, 
epithelial cells, 
and others 

Mediates host inflammatory response: 
vasculature inflammation, fever, stimulates 
acute phase protein production, promotes TH2 
cell proliferation 

IL-2 TH0, TH1 Stimulates T-cell growth or activation-induced 
cell death, costimulates B-cell proliferation, NK 
cell activation 

IL-3 THcells, NK cell, 
mast cell 

Stimulates hematopoietic cell growth (one of 
the CSFs); stimulates mast cell growth 

IL-4 TH2 cells, mast 
cell 

Promotes TH2 cell growth; costimulates B-cell 
proliferation; enhances IgG1 and IgE 
production; stimulates class II MHC molecule 
expression on B cells; inhibits TH1 cells 

IL-5 TH2 cells Stimulates B-cell growth and antibody 
production; enhances IgA production by 
stimulated B cells; enhance eosinophil 
activation and differentiation 

IL-6 T cells, 
macrophages, 
endothelial cells, 
and others 

Stimulates hematopoietic progenitors; induces 
production of acute phase proteins; stimulates 
T cell activation and IL-2 production; promotes 
B-cell proliferation and antibody secretion 

IL-7 Bone marrow 
cells, thymic 
stromal cells 

Stimulates pre-B cells and pre-T cells (one of 
the CSFs) 

IL-9 IL-2 activated 
THcells 

Stimulates T cell proliferation; mast cell 
activation 
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Abbreviations Sources Functions 
IL-10 TH2 cells, 

macrophages 
Inhibits cytokine synthesis by TH1 cells and 
activated macrophages; enhances B cell, 
thymocyte, and mast cell proliferation; in 
association with TGF-β, it stimulates IgA 
synthesis 

IL-11 Bone marrow 
stromal cells, 
fibroblasts 

Stimulate megakaryocyte growth; growth factor 
of macrophage progenitors 

IL-12 Macrophages, 
dendritic cells 

Induces IFN-γ production from T and NK 
cells; enhance of NK cell cytotoxic activity; 
stimulates differentiation of CD4+ T cell to TH1 
cells 

IL-13 Activated T cells, 
NK cells, and 
mast cells 

Blocks inflammatory monokine production; 
shares activity with IL-4; growth factor for B 
cells 

IL-14 T cells B-cell growth factor; inhibits antibody synthesis 
IL-15 Mainly dendritic 

cells and 
monocytic cell 
lineage, T cells, 
epithelial cells, 
and others 

Shares IL-2 bioactivities: T cell and NK cell 
growth factor; augments NK cell activation 

IL-16 T cells Chemotactic for CD4+ T cells, CD4+ 

macrophages, eosinophils; completes with HIV 
binding to CD4 molecule 

IL-17 Mainly CD4+ T 
cells (TH17) 

A family of six cytokines; proinflammatory 
activity; induces severe autoimmunity 

IL-18 Monocytic cell 
lineage, dendritic 
cells, and others 

Promotes TH1 cells differentiation; induces T 
cell IFN-γ production; enhances NK cell 
activity 
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Abbreviations Sources Functions 
IL-19 LPS-stimulated 

monocytes and B 
cells 

Member of IL-10 family of cytokines that 
induces proinflammatory cytokines; alter TH1/ 
TH2 balance by inhibiting IFN-γ and 
enhancing IL-4 and IL-13 production 

IL-20 Monocytes and 
keratinocytes 

IL-10 family member with similar activity as IL-
19 

IL-21 Activated T cells Enhance NK cell and Tc cell cytotoxicity and 
IFN-γ production 

IL-22 Mainly CD4+ T 
cells 

IL-10 family member that inhibits epidermal 
differentiation and has activity similar to IL-19 
and -20 

IL-23 Activated 
dendritic cells 

IL-12 family member that stimulates CD4+ T 
cells to produce IL-17 

IL-24 B cells, 
fibroblasts, 
melanocytes, NK 
cells, and T cell 
subsets 

IL-10 family member that induces IFN-γ and 
TNF-α and low levels of IL-1β, IL-12, and GM-
CSF 

IL-25 Bone marrow 
stromal cells, T 
cell subsets 

IL-17 family member that induces production 
IL-4, IL-5, IL-13, and eotaxin; involved airway 
disease of the lung 
 

IL-26 T and NK cell 
subset 

IL-10 family member with functions similar to 
IL-20 

IL-27 Dendritic cells, 
macrophages, 
endothelial cells, 
and plasma cells 
 
 

IL-12 family member that has pro- and anti-
inflammatory activities 
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Abbreviations Sources Functions 
IL-28 A/B Monocyte-derived 

dendritic cells 
An IFN-like molecule that is coexpressed with 
IFN-β; exhibits antiviral activity and induces 
class I and II MHC molecule expression 

IL-29 Monocyte-derived 
dendritic cells 

Activities similar to IL-28 A/B 

IL-30 Antigen-
presenting cells 

A subunit of IL-27 with functions similar to IL-27 

IL-31 Primarity activated 
TH2 cells, which 
can be induced 
by activated 
monocytes 

Possible recruitment of monocytes, 
neutrophils, and T cells to areas of skin 
inflammation  

IL-32 Activated NK cells 
and peripheral 
blood 
mononuclear cells 

IL-1 family member that is a proinflammatory 
cytokine; induces TNF-α 

IL-33 Smooth muscle 
cells, epithelial 
cells; levels by 
TNF-α and IL-1β 
induced dendritic 
cells and 
macrophages 

IL-1 like cytokine that induces TH2 cell-
associated cytokines 

IL-35 CD4+ CD25+ 
FOXP3+ Treg cells 

IL-12 family cytokine is required to mediate 
their suppressive activity 

Interferons 
IFN-α Lymphocytes, 

dendritic cells, 
and macrophages 
 

Induces antiviral resistance; inhibits cellular 
proliferation; controls class I MHC molecule 
expression 
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Abbreviations Sources Functions 
IFN-β Fibroblasts, 

dendritic cells 
Same activity as IFN-α 

IFN-γ CD4+ and CD8+ T 
cells, NK cell 

Activates B cells, T cells, macrophages, and NK 
cells; induces class II MHC molecule expression 
on APCs; TH1 cell signature cytokine; inhibits all 
activities of IL-4 on B cell; weakly inhibits viral 
replication 

Tumor necrosis factor 
TNF-α Monocytes, 

macrophages, 
and others such 
as, activated T 
cells, fibroblasts, 
NK cell, and 
neutrophils 

Vascular inflammatory; regulates growth of 
many different cell types; causes apoptosis of 
target cells; induces acute phase proteins; 
promotes angiogenesis and cachexia; activates 
neutrophils and endothelial cell 

TNF-β Activated TH1 cell, 
B cells, 
astrocytes, 
fibroblasts, and 
endothelial and 
epithelial cells 

Causes apoptosis of target cells; promotes 
fibroblast growth; inhibits osteoclasts and 
keratinocyte growth; induces terminal 
differentiation of monocytes; activates 
neutrophils, enhances adhesion 

Colony-stimulating factors 
CSF Colony-stimulating 

factors 
Stimulate the growth of colonies of granulocyte 
and macrophages from bone marrow progenitor 
cells; some activate mature macrophages  

Other 
TGF-β Many different cell 

types 
Inhibits and stimulates extracellur matrix 
formation; also inhibits B-, T-, and NK-cell 
activity; switches antibody production to IgA 
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2.3 T-helper lymphocyte and allergy 
Th1 and Th2 subsets develop from the same precursor cells, which are   

CD4+ T lymphocytes, and the pattern of differentiation is determined by environmental 
stimuli present early during immune responses (Figure 2.6) (Ngoc et al., 2005). Further 
consideration of these environmental exposures is beyond the scope of this review. Th2 
differentiation occurs in response to environmental allergens and helminths via activated 
antigen-presenting cells under the influence of IL-4. Activated Th2 lymphocytes produce 
IL- 4, IL-13, and IL-5, which are responsible for IgE production by B cells, eosinophil 
activation and recruitment, and mucus production (Romagnani, 1994; Akdis et al., 
2004). In contrast, Th1 cells differentiate from naı¨ve CD4+ cells in response to microbial 
activation of antigen-presenting cells under the influence of IL-12. Differentiated Th1 
cells secrete interferon-g, which is important in intracellular destruction of phagocytosed 
microbes. Furthermore, interferon- g produced by Th1 cells and IL-4 produced by Th2 
counter-regulate each other (De Vries et al., 1999). 
 

 
 
 
 
 
 

 
 
 

Figure 2.6 T-helper lymphocyte differentiations to Th1 or Th2 
(Ngoc et al., 2005) 

 
Despite variation in sample sizes, laboratory techniques, and age or risk 

factors of the cohort examined, results from cross-sectional and longitudinal studies 
have consistently demonstrated a strong association between an upregulated Th2 
immune response and atopic diseases. Studies have shown that cord-blood IL-13 in 
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response to dust mite (Der p 1) and phytohemagglutinin were associated with atopic 
dermatitis at age 3 years (Lange et al., 2003). In a group of 175 children with a high 
genetic risk for atopy based on family history, staphylococcal enterotoxin Binduced IL-
13 responses in cord blood were shown to be the strongest independent predictor of 
allergy development as defined by positive skin-prick test at age 2 years (Rowe et al., 
2004). However, the heightened Th2 immune response to allergens or mitogens 
associated with allergy or atopic diseases is more consistently observed in peripheral 
blood obtained from children early in postnatal life rather than at birth. For example, a 
study in which investigators measured unstimulated cord-blood cytokine levels reported 
an association between lower concentrations of IL-4 and interferon-g at birth and 
wheeze at 6 years (Macaubas et al., 2003). In another study, it was demonstrated that 
children who had a positive skin-prick test at age 6 years had lower Th2 (IL-13 and IL-6) 
cytokine responses at birth. However, a positive skin-prick test to house dust mite at 6 
years was associated with higher IL-13 response to house dust mite at 1 year; clinical 
atopic disease at 6 years was associated with higher IL-5 mRNA responses to house 
dust mite at 1 year (Prescott et al., 2003). Similarly, Neville and his group demonstrated 
that, although there were no associations between neonatal 
phytohemagglutininstimulated Th2 cytokines and atopic markers of allergy (i.e. absolute 
eosinophil count and total IgE) at age 1 year, there were associations between 
increased levels of IL-5 and IL-13 (Th2 polarization) and atopic markers of allergy at age 
1 year (Neaville et al., 2003). These two studies demonstrated that Th2 cytokines, 
although low at birth, increase significantly from birth to age 1 year (Neaville et al., 2003) 
and from birth to age 2 years (Prescott et al., 2003). One study showed an association of 
increased IL-4 at 18 months and atopic disease at age 6 years (Borres and Bjorksten, 
2004). In cross-sectional analysis of an older group of children ages 2–3 years, it was 
shown that allergenstimulated IL-13 was associated with allergic sensitization and 
clinical allergy or wheeze (Contreras et al., 2003). Th2 cytokine responses have been 
demonstrated in peripheral blood of atopic or asthmatic patients as well as at target 
sites of inflammation such as asthmatic airways (Boniface et al., 2003; Cho et al., 2004) 
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2.4 Cytokines and allergic rhinitis 
  Allergic rhinitis is characterized by the development of nasal mucosal 
inflammation in response to natural allergen exposure. Inflammatory allergic disorders 
are characterized by the production of numerous cytokines and chemokines by 
activated cells present in target tissues, including T cells, mast cells, macrophages and 
eosinophils. Moreover, allergic inflammation is associated with a shift in the balance 
between cytokines produced by Th1 and Th2 cells toward a Th2 predominance 
(Romagnani, 1997). The allergen induces Th2 lymphocyte proliferation with the release 
of characteristic combination of cytokines such as IL-3, IL-4, IL-5, IL-6, IL-9, IL-10, IL-13 
and granulocyte–macrophage colony-stimulating factor (GM-CSF). Th1 cells produce a 
different cytokine profile characterized by IFN-γ secretion (Scavuzzo et al., 2003).  
  IL-4 cytokine appears to be an essential requirement for IgE production 
and IL-4 production is critical for the development of Th2 cells. Inside, IFN-γ inhibits IgE 
production and plays a negative regulatory role in the Th2 cell development (Del Prete 
et al., 1988). However, the mechanisms underlying the preferential activation of Th2 
cells by environmental allergens in atopic individuals still remain unclear. A number of 
recent studies on nasal mucus samples suggest that the level of IL-4 increases in 
allergic rhinitis (Scavuzzo et al., 2003; Sausenthaler et al., 2009). 

IL-2 has been shown to play a major role in the immune system, e.g. it 
regulates the growth and function of cells that are involved in both cell-mediated and 
humoral immune responses. IL-2 is produced by T cells in the course of T cell activation 
and because IL-2 promotes and regulates the growth and function of immune cells 
(Smith, 1984; Balkwill, 1991). 

IL-13 is an important cytokine that regulates inflammatory and TH2 
immune responses. IL-13 shares many activities with IL-4, in large part because both 
use a common receptor subunit (IL-4Rα-chain) as part of their receptor (Miyahara et al., 
2006). As a result, IL-13 like IL-4, acts on B cells and stimulates both proliferation and 
IgE synthesis in these cells (Defrance et al., 1994; McKenzie et al., 1998). However, IL-
13 but not IL-4 appears to be an effector cytokine that directly contributes to bronchial 
hyperreactivity and mucus overproduction in mouse models of asthma (Zhu et al., 
1999). IL-13 has been shown to be produced by T cells, B cells, mast cells, basophils, 

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sausenthaler%20S%22%5BAuthor%5D
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eosinophils, and natural killer cells (Schmid-Grendelmeier et al., 2002). In allergic 
rhinitis, the IL-13 gene is expressed in the nasal mucosa of patients with perennial 
allergic rhinitis (AR) or after allergen provocation. Miyahara et al. (2006) reported that 
wild-type (WT) mice that were sensitized and challenged (intranasally) exhibited 
increased levels of IL-13 in nasal tissue homogenates compared with challenged-only 
mice. 

TNF-α is considered to be a pro-inflammatory cytokine that has a crucial 
role in the initiation and continuation of inflammation and immunity, including allergic 
inflammation (Iwasaki, 2003). TNF-α is a candidate cytokine relevant to the 
pathogenesis of these events through its capacity to upregulate the expression of 
endothelial cell adhesion molecules, mediate granulocyte chemoattraction, and activate 
eosinophils, mast cells and T cells in allergic rhinitis (Bradding et al., 1995).  

 
3. Oxidant and Antioxidant 
 
 3.1 Free radicals and oxidative stress 
  Oxidative damage is caused by free radicals – chemicals or compounds 
which, by virtue of having unpaired electrons, are unstable, highly reactive and seek to 
stabilize themselves by ‚stealing‛ electrons from other chemicals or compounds 
(including proteins, carbohydrates, lipids and DNA), thereby oxidising the latter (Figure 
2.7). In the process they create more free radicals, sparking off a chain of destruction. 
The results of free radical damage or oxidation include cell injury, making the cells more 
vulnerable to infection and degenerative disease, and DNA damage, interfering with 
normal cell division and resulting in mutations. Thus oxidative damage accompanies 
most, if not all, diseases and has been implicated in the pathogenesis of cancer, 
diabetes, heart disease, arthritis, neurodegenerative disorders, atherosclerosis, 
osteoporosis, pancreatitis and, specific to women's health, pre-eclampsia. While free 
radicals are produced during normal respiration and metabolism, their production can 
also be triggered by exposure to air pollutants, sun exposure, radiation from X-rays, 
drugs, viruses, bacteria, parasites, dietary fats, stress and injury (Talaulikar and 
Manyonda, 2011). 

https://vpn.chula.ac.th/+CSCO+dh756767633A2F2F6A6A6A2E61706F762E61797A2E6176752E746269++/pubmed?term=%22Bradding%20P%22%5BAuthor%5D
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A free radical is a chemical species that has an odd number of electrons. 
In the context of oxidative stress the radicals are small molecules/ions that are reactive 
with small activation energies and short lifetimes. The small size makes it possible for 
many of them to penetrate cell membranes. The free radicals can be considered as a 
subset of reactive oxygen or nitrogen species. A major part of reactive oxygen species 
originates as by-products of the aerobic metabolism in the mitochondria. The 
superoxide anion, O2

− is produced in the inner membrane of the mitochondria as part of 
the mechanism, which reduces O2 to water (Jensen, 2003). 

 
 
 
 
 

 
 
   
 
 
 
 

 
 
 

Figure 2.7 Interaction of oxygen free radicals and antioxidants. 
(Talaulikar and Manyonda, 2011) 

 
Malondialdehyde 
Aldehydes, especially MDA, have been frequently used as markers of 

oxidative stress in response to exercise. Figure 2.8 presents the chain of chemical 
reactions leading to MDA, which can be measured by HPLC, spectrophotometry or 
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spectrofluorescence (Halliwell and Chirico, 1993). The most common method used to 
assess changes in MDA with exercise is the thiobarbituric acid (TBARS) assay.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Figure 2.8 Steps of lipid peroxidation (Alessio, 2000). 
 
This method works well when used on defined membrane systems such 

as microsomes in vitro (Halliwell and Chirico, 1993), but the method has been criticized 
for use in human studies of oxidative stress because TBARS lacks specificity. The assay 
also reacts with saturated and unsaturated nonfunctional aldehydes, carbohydrates and 
prostaglandins (Alessio, 2000). 

https://vpn.chula.ac.th/+CSCO+ch756767633A2F2F6A6A6A2E667076726170727176657270672E70627A++/science/article/pii/S0300483X03001513#BIB31#BIB31
https://vpn.chula.ac.th/+CSCO+ch756767633A2F2F6A6A6A2E667076726170727176657270672E70627A++/science/article/pii/S0300483X03001513#BIB31#BIB31
https://vpn.chula.ac.th/+CSCO+ch756767633A2F2F6A6A6A2E667076726170727176657270672E70627A++/science/article/pii/S0300483X03001513#BIB2#BIB2
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Resting plasma MDA was found to be higher in sprint trained athletes 
and marathon runners compared with control subjects (Marzatico et al., 1997). Santos-
Silva et al. (2001) also found elevated resting MDA levels in trained adolescent 
swimmers compared with control subjects. In contrast, Niess et al. (1996) reported 
higher plasma MDA in untrained subjects compared with trained subjects, and Miyazaki 
et al. (2001) observed no change in erythrocyte MDA after a 12-week training program. 
 

3.2 Antioxidant 
An antioxidant is a molecule capable of slowing or preventing the 

oxidation of other molecules by being oxidized itself. As stated above, oxidation 
reactions can produce free radicals, which start chain reactions that damage cells. 
Antioxidants neutralize free radicals by donating one of their own electrons, ending the 
electron-‚stealing‛ reaction. The antioxidants do not become free radicals when they 
donate an electron because they are stable in either form. They act as scavengers, 
helping to prevent cell and tissue damage. Antioxidants are often reducing agents such 
as thiols, ascorbic acid or polyphenols. Although oxidation reactions are crucial for life, 
they can also be damaging; hence plants and animals maintain complex systems of 
multiple types of antioxidants, such as glutathione, vitamin C and vitamin E, as well as 
enzymes such as catalase, superoxide dismutase and various peroxidases. Low levels 
of antioxidants, or inhibition of the antioxidant enzymes, cause oxidative stress and may 
damage or kill cells. Therefore the potential for antioxidants in preventing disease has 
attracted much attention (Talaulikar and Manyonda, 2011). 

It has been known for a long time that diets rich in fruits and vegetables 
appear to protect against the types of diseases associated with free radical damage, 
including certain types of cancer, heart disease, dementia, diabetes and stroke. The 
attractive supposition has been that fruits and vegetables are a rich source of 
antioxidants that can neutralize free radicals. Green plants are especially vulnerable to 
oxidative stress since they produce pure oxygen during photosynthesis, and therefore 
need to manufacture a range of potent antioxidants to protect themselves. Thus the 
concept that fruits and vegetables contain antioxidants that could also be given as 
supplements or in fortified foods gained ground and spawned what is now a multi-billion 
dollar ‘nutraceutical’ industry that vigorously promotes the sale and consumptions of 

https://vpn.chula.ac.th/+CSCO+ch756767633A2F2F6A6A6A2E667076726170727176657270672E70627A++/science/article/pii/S0300483X03001513#BIB60#BIB60
https://vpn.chula.ac.th/+CSCO+ch756767633A2F2F6A6A6A2E667076726170727176657270672E70627A++/science/article/pii/S0300483X03001513#BIB88#BIB88
https://vpn.chula.ac.th/+CSCO+ch756767633A2F2F6A6A6A2E667076726170727176657270672E70627A++/science/article/pii/S0300483X03001513#BIB88#BIB88
https://vpn.chula.ac.th/+CSCO+ch756767633A2F2F6A6A6A2E667076726170727176657270672E70627A++/science/article/pii/S0300483X03001513#BIB69#BIB69
https://vpn.chula.ac.th/+CSCO+ch756767633A2F2F6A6A6A2E667076726170727176657270672E70627A++/science/article/pii/S0300483X03001513#BIB65#BIB65
https://vpn.chula.ac.th/+CSCO+ch756767633A2F2F6A6A6A2E667076726170727176657270672E70627A++/science/article/pii/S0300483X03001513#BIB65#BIB65
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capsule-packaged ‚pure antioxidants‛ in pursuit of the prevention/amelioration of 
diseases associated with oxidative stress. The popular range of antioxidants includes 
vitamin E, vitamin C, carotenoids (including beta carotene and lycopene) and 
polyphenols (including flavonoids), although the full list of compounds with antioxidant 
properties is extensive. Vitamin E is the most abundant fat-soluble antioxidant in the 
body and one of the most efficient chain-breaking antioxidants available, and therefore a 
primary defender against oxidation. Vitamin C is the most abundant water-soluble 
antioxidant in the body and acts primarily in cellular fluid, being especially effective in 
combating free-radical formation caused by pollution and cigarette smoke. In the western 
world and especially in America it is estimated that up to 50% of the adult population take 
antioxidant pills on a daily basis to promote health and stave off disease. The question is 
whether these supplements are effective (Talaulikar and Manyonda, 2011). 
 

3.3 Free radical, antioxidant and exercise 
Several studies reported that single bouts of exercise increase blood 

levels of MDA (Koska et al., 2000; Miyazaki et al., 2001). Marzatico et al. (1997) found 
plasma MDA increased over 48h post-sprint type exercise in sprinters and immediately 
post-endurance exercise in marathon runners. Kanter et al. (1988) reported increases in 

plasma MDA (∼70%) following an extreme endurance event (50 m run) in elite athletes. 
Further, these measures correlated with plasma increases in CK and LDH, markers of 
muscle damage. Similarly, Child et al. (2000) found an increase in MDA of about 40% 
immediately after a half marathon. 

Not all studies reported increases in MDA in response to exercise 
(Viinikka et al., 1984). Niess et al. (1996) measured plasma levels of MDA in trained and 
untrained individuals at rest, before and after an exhaustive bout of exercise. They found 
no significant increases in MDA in either group following a treadmill test to exhaustion, 
either at 15 min post-exercise or 24 h post-exercise. Moderately trained subjects who 
ran for 2.5 h on a treadmill showed no change in plasma MDA (Duthie et al., 1990; 
Dufaux et al., 1997). Similarly, there were no documented changes at rest, before or 
after 4 weeks of high intensity rowing training in plasma MDA levels (Dernbach et al., 

https://vpn.chula.ac.th/+CSCO+ch756767633A2F2F6A6A6A2E667076726170727176657270672E70627A++/science/article/pii/S0300483X03001513#BIB50#BIB50
https://vpn.chula.ac.th/+CSCO+ch756767633A2F2F6A6A6A2E667076726170727176657270672E70627A++/science/article/pii/S0300483X03001513#BIB50#BIB50
https://vpn.chula.ac.th/+CSCO+ch756767633A2F2F6A6A6A2E667076726170727176657270672E70627A++/science/article/pii/S0300483X03001513#BIB60#BIB60
https://vpn.chula.ac.th/+CSCO+ch756767633A2F2F6A6A6A2E667076726170727176657270672E70627A++/science/article/pii/S0300483X03001513#BIB46#BIB46
https://vpn.chula.ac.th/+CSCO+ch756767633A2F2F6A6A6A2E667076726170727176657270672E70627A++/science/article/pii/S0300483X03001513#BIB15#BIB15
https://vpn.chula.ac.th/+CSCO+ch756767633A2F2F6A6A6A2E667076726170727176657270672E70627A++/science/article/pii/S0300483X03001513#BIB109#BIB109
https://vpn.chula.ac.th/+CSCO+ch756767633A2F2F6A6A6A2E667076726170727176657270672E70627A++/science/article/pii/S0300483X03001513#BIB69#BIB69
https://vpn.chula.ac.th/+CSCO+ch756767633A2F2F6A6A6A2E667076726170727176657270672E70627A++/science/article/pii/S0300483X03001513#BIB21#BIB21
https://vpn.chula.ac.th/+CSCO+ch756767633A2F2F6A6A6A2E667076726170727176657270672E70627A++/science/article/pii/S0300483X03001513#BIB18#BIB18
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1993) in athletes, and Alessio et al. (2000) found no change in plasma MDA after 
repeated isometric contractions. 

Strenuous endurance training was shown to reduce indices of oxidative 
stress following exhausting exercise (Miyazaki et al., 2001). Untrained male subjects 
performed an acute period of exercise on a cycle ergometer before and after a 12-week 
strenuous endurance training program. There was a smaller increase in erythrocyte 
MDA in response to the exercise bout post-training compared to pre-training. Moreover, 
decreased levels of MDA in response to exercise have also been reported in highly 
trained skiers and runners immediately following exercise to exhaustion (Hubner-
Wozniak et al., 1994; Rokitzki et al., 1994). 

Eccentric exercise, which is known to cause muscle inflammation, has 
been hypothesized to contribute to increased levels of lipid peroxidation presumably 
due to macrophage reactions in tissue. Maughan et al. (1989) found increases in MDA 6 
h post downhill-running (biased toward eccentric contractions), with these levels 
returning to baseline levels at 72 h post exercise. Those subjects with the greatest 
increase in markers of muscle damage, (i.e. CK, lactate dehydrogenase (LDH)) 
experienced the greatest increases in serum MDA concentrations. However, muscle 
biopsies taken after a single bout of maximal eccentric exercise failed to show any 
change in MDA levels (Saxton et al., 1994). Furthermore, Child et al. (1999) reported no 
change in both plasma and muscle MDA levels following a single bout of eccentric 
exercise, despite the increase in inflammatory cell invasion into the tissue. 

Endurance exercise training protects rats from exercise induced 
oxidative stress, raising levels of antioxidants and antioxidant enzymes in both skeletal 
and cardiac muscle (Powers et al., 1999; Leeuwenburgh and Heinecke, 2001). 
Leeuwenburgh and Heinecke (2001) found that a 10-week exercise program increased 
glutathione peroxidase and superoxide dismutase activities in the deep portion of vastus 
lateralis muscle. In another study, they detected a 33% increase in the glutathione 
content of this muscle in endurance-trained rats. The rats also had 62% more 
glutathione peroxidase activity and 27% more superoxide dismutase activity than 
untrained sibling controls (Leeuwenburgh and Heinecke, 2001). 

https://vpn.chula.ac.th/+CSCO+ch756767633A2F2F6A6A6A2E667076726170727176657270672E70627A++/science/article/pii/S0300483X03001513#BIB4#BIB4
https://vpn.chula.ac.th/+CSCO+ch756767633A2F2F6A6A6A2E667076726170727176657270672E70627A++/science/article/pii/S0300483X03001513#BIB65#BIB65
https://vpn.chula.ac.th/+CSCO+ch756767633A2F2F6A6A6A2E667076726170727176657270672E70627A++/science/article/pii/S0300483X03001513#BIB37#BIB37
https://vpn.chula.ac.th/+CSCO+ch756767633A2F2F6A6A6A2E667076726170727176657270672E70627A++/science/article/pii/S0300483X03001513#BIB37#BIB37
https://vpn.chula.ac.th/+CSCO+ch756767633A2F2F6A6A6A2E667076726170727176657270672E70627A++/science/article/pii/S0300483X03001513#BIB85#BIB85
https://vpn.chula.ac.th/+CSCO+ch756767633A2F2F6A6A6A2E667076726170727176657270672E70627A++/science/article/pii/S0300483X03001513#BIB62#BIB62
https://vpn.chula.ac.th/+CSCO+ch756767633A2F2F6A6A6A2E667076726170727176657270672E70627A++/science/article/pii/S0300483X03001513#BIB90#BIB90
https://vpn.chula.ac.th/+CSCO+ch756767633A2F2F6A6A6A2E667076726170727176657270672E70627A++/science/article/pii/S0300483X03001513#BIB14#BIB14
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Moreover, Powers et al. (1999) found that increases in muscle 
antioxidant enzymes induced by exercise training were muscle-specific. They also 
showed that high-intensity and moderate-intensity exercise up regulated superoxide 
dismutase activity in the ventricular myocardium. In addition, we recently demonstrated 
that old rats that voluntarily ran on a wheel all their lives had higher levels of several 
skeletal muscle antioxidant enzymes than their sedentary counterparts. The exercising 
animals also had lower levels of markers of oxidative stress in muscle and urine 
(Leeuwenburgh and Heinecke, 2001). They continued to be active into old age, though 
they decreased their running time. This study also detected lower levels of dityrosine in 
skeletal and heart muscle of the exercising animals. This difference may reflect a 
decrease in the overall rate of oxidant generation or an increase in antioxidant defenses. 

There is support the hypothesis that acute exercise increases oxidant 
levels and oxidative stress in untrained animals but long-term exercise may counter this 
effect by increasing the activity of antioxidant enzymes and reducing oxidant 
production. These defenses may be critical for preventing chronic oxidative damage to 
muscle during exercise and even at rest (Leeuwenburgh and Heinecke, 2001). 

 

 3.4 Oxidative stress and allergic rhinitis  
  Oxidative stress plays an important role in allergic disorders and 
increased levels of oxidants are considered as markers of the inflammatory process. 
Overproduction of oxygen free radicals, while the natural scavenging mechanisms are 
weakened, is a process that is implicated in cell damage and multiorgan failure (Bowler 
et al., 2002). The role of oxidative stress in allergic rhinitis is not well studied but is likely 
to be similar to that of asthma. Ozone exposure exacerbates antigen-induced rhinitis, 
sneezing, nasal secretions, hyperresponsiveness, and eosinophil infiltration in guinea 
pigs (Iijima et al, 2001). In allergic rhinitis house dust mite exposure induces nasal 
eosinophils to produce hydrogen peroxide (Ogasawara et al., 1991).  
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4. Vitamin C 
 
Vitamin C (ascorbic acid) is a required nutrient for a variety of biological 

functions. Humans and other primates have lost the ability to synthesize ascorbic acid 
due to a defect in L-gulono-1, 4-lactone oxidase, an enzyme that catalyzes the 
conversion of L-gulonolactone into ascorbic acid. Humans, primates, and a few other 
animals (e.g., guinea pigs) depend on the diet as a source of vitamin C to prevent the 
vitamin C deficiency disease, scurvy, and to maintain general health. The health-
promoting effects of vitamin C can be attributed to its biological functions as a cofactor 
for a number of enzymes, most notably hydroxylases involved in collagen synthesis, and 
as a water-soluble antioxidant. Vitamin C can also function as a source of the signaling 
molecule, hydrogen peroxide, and as a Michael donor to form covalent adducts with 
endogenous electrophiles in plants. These functions and the underlying mechanisms will 
be illustrated here with examples from the recent literature. This review focuses on 
chronic diseases and is not intended to provide an exhaustive account of the biological 
and clinical effects. Other authors have recently discussed the effects of vitamin C on 
cancer chemoprevention (Gann, 2009; Gaziano et al., 2009) and in the treatment of 
cancer (Padayatty et al., 2010), sepsis (Wilson, 2009) and neurodegenerative diseases 
(Bowman et al., 2009). 

Vitamin C is an electron donor and therefore a reducing agent. All known 
physiological and biochemical actions of vitamin C are due to its action as an electron 
donor. Ascorbic acid donates two electrons from a double bond between the second 
and third carbons of the 6-carbon molecule. Vitamin C is called an antioxidant because, 
by donating its electrons, it prevents other compounds from being oxidized. However, 
by the very nature of this reaction, vitamin C itself is oxidized in the process (Padayatty 
et al., 2003).  

It is noteworthy that when vitamin C donates electrons, they are lost 
sequentially. The species formed after the loss of one electron is a free radical, 
semidehydroascorbic acid or ascorbyl radical. As compared to other free radicals (a 
species with an unpaired electron), ascorbyl radical is relatively stable with a half-life of 
10−5 seconds and is fairly unreactive. This property explains why ascorbate may be a 
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preferred antioxidant. In simple terms, a reactive and possibly harmful free radical can 
interact with ascorbate. The reactive free radical is reduced, and the ascorbyl radical 
formed in its place is less reactive. Reduction of a reactive free radical with formation of 
a less reactive compound is sometimes called free radical scavenging or quenching. 
Ascorbate is therefore a good free radical scavenger due to its chemical properties 
(Bielski et al., 1975; Buettner and Moseley, 1993).  
 

4.1 Nutrient sources and actions 
Vitamin C is an essential water-soluble vitamin that serves as an 

antioxidant and is responsible for protein metabolism including the biosynthesis of 
collagen, neurotransmitters and L-carnitine. Vitamin C also plays an important role in 
immune function and in the absorption of iron from plant-based foods. The antioxidant 
effects of vitamin C supplementation have been studied primarily for the prevention or 
delay of certain cancers, cardiovascular disease and disorders involving oxidative 
stress (Dennehy and Tsourounis, 2010). 

Fruits and vegetables are the richest sources of vitamin C. Tomatoes, 
tomato juice, potatoes and citrus juices are the most abundant sources of vitamin C in the 
US diet. Other sources include fortified breakfast cereals, bell peppers, broccoli and 
strawberries (Dennehy and Tsourounis, 2010). 
 

4.2 Vitamin C as an antioxidant 
Role of vitamin C on lipid peroxidation 
Lipid peroxidation can be considered as an example of a radical chain 

reaction (Figure 2.9). Reactive oxygen species (ROS) produced by a variety of sources, 
such as the electron transport chain, xanthine oxidase, myeloperoxidase. And NADPH 
oxidase, initiate the radical reaction through abstraction of hydrogen atoms from 
bisallylic C–H bonds, thereby forming lipid radicals (Halliwell and Gutteridge, 1999). 
Lipids are often prime targets of oxygen radicals because many of the enzymes 
producing ROS are embedded in lipid bilayers and because the bisallylic C–H bond in 
polyunsaturated fatty acids (PUFAs) is relatively weak compared to other C–H bonds. 
Carbon-centered lipid radicals react with molecular oxygen to form peroxyl radicals that, 
if not neutralized by α-tocopherol in membranes, may participate in the radical 

https://vpn.chula.ac.th/+CSCO+ch756767633A2F2F6A6A6A2E667076726170727176657270672E70627A++/science/article/pii/S0891584911003194#f0010#f0010
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propagation reaction. Lipid hydroperoxides are chemically unstable and, when not 
reduced by glutathione-dependent reductases to hydroxy-fatty acids, constitute a 
source of a variety of LPO products, including 2-alkenals, epoxides, and 
malondialdehyde. Vitamin C has the ability to protect against LPO by acting as a 
scavenger of ROS and by one-electron reduction of lipid hydroperoxyl radicals via the 
vitamin E redox cycle (Halliwell and Gutteridge, 1999). Furthermore, findings from our 
laboratory support a role for vitamin C in protection against cellular damage from LPO-
derived 2-alkenals. Vitamin C-adequate cultured human THP-1 cells exposed to the LPO 
product, 4-hydroxy-2(E)-nonenal (HNE) showed a significant reduction in protein 
carbonylation compared to THP-1 cells that were not preincubated with vitamin C 
(Miranda et al., 2009; Chavez et al., 2010). The protective effects of ascorbate were 
associated with an increase in the formation of GSH-HNE conjugate and its phase I 
metabolites, measured by LC-MS/MS, and with increased transport of GSH conjugates 
from the cells into the medium (Miranda et al., 2009). 
 
 
 
 
 
 

 
 

Figure 2.9 Antioxidant effects of vitamins C and E on lipid peroxidation. 
(Halliwell and Gutteridge, 1999) 

 
4.3 Clinical efficacy of vitamin C (Dennehy and Tsourounis, 2010) 

Bone health 
Epidemiologic studies have demonstrated a positive association 

between BMD and intake of vitamin C. Low vitamin C intakes have been associated with 
a decline in BMD specifically at the femoral neck and total hip. One study found that 
among postmenopausal women who had a history of smoking and estrogen use, vitamin 
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C was associated with a decreased prevalence of self-reported fractures. Among 
postmenopausal women who were taking estrogen, calcium and vitamin C (mean dose 
745 mg daily), higher BMD levels were observed at the femoral neck, total hip, distal 
radius and lumbar spine as compared to those not taking vitamin C. 

Cardiovascular health 
Observational studies evaluating vitamin C for primary prevention of 

coronary heart disease have found conflicting results in women. Across multiple large 
clinical trials, vitamin C supplementation alone or in combination with vitamin E, and 
beta-carotene appears to be ineffective at secondary prevention of CHD in pre- and 
postmenopausal women. 

Breast cancer 
There is limited evidence to support the use of vitamin C in the primary 

prevention of total cancer incidence, including breast cancer, among menopausal 
women. One of the largest studies in women found that vitamin C (500 mg daily) had no 
effect on the incidence of cancer after 9.4 years of follow-up. Vitamin C (500 mg daily), 
when combined with vitamin E (400 mg daily) and tamoxifen therapy in postmenopausal 
women with breast cancer have been shown to reduce tamoxifen-induced increases in 
triglycerides (41 mg/dL) and VLDL (12 mg/dL) after 3 months of therapy. Since 
tamoxifen may increase the synthesis of VLDL and reduce the activity of lipoprotein 
lipase which hydrolyses triglycerides, vitamin C and vitamin E may help mitigate these 
effects. 

Cognition 
Vitamin C has not been specifically studied for its effects on cognition in 

postmenopausal women, however it has been studied in older women (>65 years of 
age) when combined with vitamin E and beta-carotene. At 3.5 years, vitamin C (500 mg 
daily) was not associated with cognitive change over time but was more protective 
against cognitive change among older women with new cardiovascular events as 
compared to placebo. Another study in older men and women also found that vitamin C 
and E when combined with NSAIDs resulted in less cognitive decline than in those not 
taking these vitamins. 
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 4.4 Vitamin C and allergic rhinitis 
  Vitamin C is also associated with immune cells and immune responses. 
Millimolar vitamin C, which is far above the plasma concentration, is accumulated in 
immune cells including neutrophils, B cells, T cells, monocytes, and macrophages and 
acts as an anti-oxidant to protect these cells from reactive oxygen radicals produced 
during immune responses such as inflammation and oxidative bursts (Jeong et al., 
2010). Podoshin et al. (1991) reported that vitamin C was found to decrease symptoms 
of perennial allergic rhinitis patient, parallely there was a decrease of the pH of nasal 
secretion to normal limits. In addition, recent study reported that vitamin C play a role in 
the development of allergic sensitization and allergic diseases and it was negatively 
associated with an increased risk of current AR symptoms (Sausenthaler et al., 2009). 
Thornhill and Kelly, (2000) found that treated with vitamin C have decreased nasal 
secretions, blockage, and edema. Improvement was seen in only 24 percent of placebo 
treated patients. The pH of the secretions in the allergic rhinitis sufferers appeared to be 
more alkaline, over 7.0, with normal nasal secretions tending be in the range of 5.5-7.0. 
The pH of nasal secretion was found to be within normal ranges after administration of 
vitamin C; patients with nasal pH’s closer to 8.0 seemed to respond more favorably to the 
vitamin C therapy (Podoshin et al., 1991).  Vitamin C is nontoxic and virtually free of side 
effects, diarrhea and abdominal distention being the most common. For allergic rhinitis, a 
dosage of at least 2 grams per day should be administered (Bucca et al., 1990). 
 
5. Exercise 
 

Exercise places an increased demand on the cardiovascular system. Oxygen 
demand by the muscles increases sharply. Metabolic processes speed up and more 
waste is created. More nutrients are used and body temperature rises. To perform as 
efficiently as possible the cardiovascular system must regulate these changes and meet 
the bodys increasing demands (Wilmore and Costill, 2005). 

 
 
 

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sausenthaler%20S%22%5BAuthor%5D
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 5.1 Acute exercise and chronic exercise 
Acute exercise 
Acute exercise refers to a bout of exercise done at a specific time for a 

specific amount of time. Acute anxiety is anxiety that exists in a person in response to a 
specific event (Landers, 1997).  

Immediate Response of the Cardiovascular System to Exercise 
After the initial anticipatory response, heart rate increases in direct 

proportion to exercise intensity until a maximum heart rate is reached. Stroke volume 
may increase only up to 40-60% of maximal capacity after which it plateaus. Beyond 
this relative exercise intensity, stroke volume remains unchanged right up until the 
point of exhaustion (Crawford et al., 1985; Higginbotham et al., 1986). But this is not 
conclusive and other studies suggest stroke volume continues to rise until the pint of 
exhaustion (Scruggs et al., 1991). Cardiac output increases proportionally with 
exercise intensity - which is predictable from understanding the response of heart rate 
and stroke volume to activity. At rest the cardiac output is about 5L/min. During intense 
exercise this can increase to 20-40L/min (McArdle et al., 2000). During vigorous 
exercise this increases to 80-85% of cardiac output. Blood is shunted away from major 
organs such as the kidneys, liver, stomach and intestines. It is then redirected to the 
skin to promote heat loss. Systolic pressure, the pressure during contraction of the 
heart (known as systole) can increase to over 200 mmHg and levels as high as 
250mmHg have been reported in highly trained, healthy athletes. Diastolic pressure on 
the other hand remains relatively unchanged regardless of exercise intensity (Wilmore  
and Costill, 2005). 

Chronic exercise 
Chronic refers to something that persists for a relatively long period of 

time. Chronic depression, for example, would be depression that lasts a long time. A 
chronic exerciser is someone who does exercise on a regular basis (Landers, 1997). 
Exercise training specificity refers to adaptations in metabolic and physiologic functions 
that depend upon the type and mode of overload imposed. A specific anaerobic 
exercise stress (e.g., strength-power training) induces specific strength-power 
adaptations; specific endurance exercise stress elicits specific aerobic system 
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adaptations with only a limited interchange of benefits between strength power training 
and aerobic training. Nonetheless, the specificity principle extends beyond this broad 
demarcation. Aerobic training, for example, does not represent a singular entity 
requiring only cardiovascular overload. Aerobic training that relies on the specific 
muscles in the desired performance most effectively improves aerobic fitness for 
swimming, bicycling, running, or upper-body exercise. Some evidence even suggests a 
temporal specificity in training response such that indicators of training improvement 
peak when measured at the time of day when training regularly occurred. The most 
effective evaluation of sport-specific performance occurs when laboratory measurement 
most closely simulates the actual sport activity and/or uses the muscle mass and 
movement patterns required by the sport. Simply stated, specific exercise elicits 
specific adaptations to create specific training effects (McArdle et al., 2000). 

Adaptations in the Cardiovascular System to exercise training 
The hearts mass and volume increase and cardiac muscle undergoes 

hypertrophy. It is the left ventricle that adapts to the greatest extent. As well as the 
chamber size increasing as a result of endurance training more recent studies show that 
the myocardial wall thickness also increases (Fagard, 1996). Resting heart rate can 
decrease significantly following training in a previously sedentary individual (Wilmore  
and Costill, 2005). Stroke volume increases at rest, during submaximal exercise and 
maximal exercise following training. Stroke volume at rest averages 50-70 ml/beat in 
untrained individuals, 70-90ml/beat in trained individuals and 90-110ml/beat in world-class 
endurance athletes (McArdle et al., 2000). In untrained individuals, maximal cardiac 
output may be 14-20L/min compared to 25-35L/min in trained subjects. In large, elite 
athletes, maximal cardiac output can be as high as 40L.min (Wilmore and Costill, 2005). 
Blood pressure can decrease (both systolic and diastolic pressure) at rest and during 
submaximal exercise by as much as 10mmHg in people with hypertension. However, at a 
maximal exercise intensity systolic blood pressure is decreased compared to pre-training. 
Endurance training increase blood volume (Wilmore and Costill, 2005). 
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 5.2 Components of the training session 
  Exercise is integrated into a comprehensive physical conditioning 
program, which generally is complemented by an overall health improvement plan. The 
format for exercise session should include a warm-up period (approximately 5 to 10 
minutes), a stimulus or conditioning phase (cardiorespiratory; CR, flexibility, resistance 
training) (20 to 60 minutes), an a cool-down period (5 to 10 minutes) (Figure 2.10) 
(ACSM, 2006) 
 
 
 
 
 
 
 
 

 
 
 

Figure 2.10 Format of a typical aerobic exercise session. (ACSM, 2006) 
 
Warm-up 
Warm-up facilitates the transition from rest to exercise, stretches postural 

muscles, augments blood flow, elevates body temperature, dissociates more oxygen, 
and increases the metabolic rate from the resting level (1 MET) to the aerobic 
requirements for endurance training (Bishop, 2003). A warm-up may reduce the 
susceptibility to musculoskeletal injury by increasing connective tissue extensibility, 
improving joint range of motion, and enhancing muscular performance (Pollock, 1998). 
The exercise session should begin with 5 to 10 minutes of low-intensity large muscle 
activity (10%-30% VO2R) and progress to an intensity at the lower limit prescribed for 
endurance training (ACSM, 2006). 
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Stimulus or conditioning phase 
The stimulus (conditioning) phase includes CR (endurance), resistance, 

and flexibility programming. Depending on the individual’s goal or outcomes; one, two, or 
all program areas can be included. A comprehensive program should include all three 
conditioning components. Figure 2.10 depicts a typical exercise training session with the 
CR phase exemplified. Later sections of this chapter focus on exercise programming by 
CR conditioning, resistance training, and flexibility training (ACSM, 2006). 

Cool-down 
The cool-down period provides a gradual recovery from the 

endurance/games phase and includes exercise of diminishing intensities; for example, 
approximately 5 minutes of slower walking or jogging, cycling and approximately 5 
minutes of stretching exercises, and in some cases, alternate activities. The cool-down 
is critical to attenuate the exercise-induced circulatory responses and return heart rate 
and blood pressure to near resting values (ACSM, 2006). 

 

5.3 The exercise FITT principles (Dick, 2007)  
The FITT principle as a set of rules that must be adhered to in order to 

benefit from any form of fitness training program. These rules relate to the Frequency, 
Intensity, Type and Time (FITT) of exercise. These four principles of fitness training are 
applicable to individuals exercising at low to moderate training levels and may be used 
to establish guidelines for both cardiorespiratory and resistance training. 

Frequency 
Following any form of fitness training, the body goes through a process 

of rebuild and repair to replenish its energy reserves consumed by the exercise. The 
frequency of exercise is a fine balance between providing just enough stress for the 
body to adapt to and allowing enough time for healing and adaptation to occur. 

Cardiorespiratory Training 

The guidelines for cardiorespiratory training (also called aerobic 
conditioning) is a minimum of three sessions per week and ideally five or six sessions 
per week. Experts suggest that little or no benefit is attained over and above this 
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amount. Of course athletes often fall outside the suggested guidelines but even elite 
performers must give themselves time to rest.  

Resistance Training 

The frequency of resistance training is dependent upon the particular 
individual and format of the program. For example, a program that works every body 
part every session should be completed 3-4 days a week with a day's rest between 
sessions. On the other hand, a program that focuses on just one or two body parts per 
session, in theory it could be completed as frequently as six days per week. Many 
bodybuilders follow such a routine.  

Intensity 

The second rule in the FITT principle relates to intensity. It defines the 
amount of effort that should be invested in a training program or any one session. Like 
the first FITT principle - frequency - there must be a balance between finding enough 
intensity to overload the body (so it can adapt) but not so much that it causes 
overtraining. Heart rate can be used to measure the intensity of cardiorespiratory 
training. Workload is used to define the intensity of resistance training.  

Cardio Respiratory Training 

Heart rate is the primary measure of intensity in aerobic endurance 
training. Ideally before you start an aerobic training program a target heart rate zone 
should first be determined. The target heart rate zone is a function of both your fitness 
level and age.  

Heart rate and maximum heart rate 

Heart rate is measured as beats per minute (bpm). Heart rate can be 
monitored and measured by taking your pulse at the wrist, arm or neck. An 
approximation of maximum heart rate (MHR) can also be calculated as follows: MHR = 
220 - age.  

Target Heart Rate 

For beginners a target heart rate zone of 50-70 percent of their maximum 
of heart rate is a good place to start. So if, for example, you are 40 years old that gives 
you a predicted maximum heart rate of 180 (220 - 40). Multiply 180 by 50% and 70% 
and your reach a target zone of 90 bpm – 126 bpm. For fitter, more advanced 

https://vpn.chula.ac.th/+CSCO+ch756767633A2F2F6A6A6A2E66636265672D737667617266662D6E7169766662652E70627A++/resistance-training.html
https://vpn.chula.ac.th/+CSCO+ch756767633A2F2F6A6A6A2E66636265672D737667617266662D6E7169766662652E70627A++/heart-rate-training.html
https://vpn.chula.ac.th/+CSCO+ch756767633A2F2F6A6A6A2E66636265672D737667617266662D6E7169766662652E70627A++/aerobic-endurance-training.html
https://vpn.chula.ac.th/+CSCO+ch756767633A2F2F6A6A6A2E66636265672D737667617266662D6E7169766662652E70627A++/aerobic-endurance-training.html
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individuals, a target heart rate zone of 70-85 percent of their maximum of heart rate may 
be more appropriate. Staying with the example above, that 40 year old now has a heart 
rate zone of 126 bpm – 153 bpm. There are limitations with heart rate and the heart rate 
reserve method, while no means flawless, may be a more accurate way to determine 
exercise intensity. 

Resistance Training 

For resistance training, workload is the primary measure of intensity. 
Workload can have three components:  

1. The amount of weight lifted during an exercise 
2. The number of repetitions completed for a particular exercise 
3. The length of time to complete all exercises in a set or total training 

session  
TYPE 
The third component in the FITT principle dictates what type or kind of 

exercise which choose to achieve the appropriate training response. 
Cardio Respiratory Training 

Using the FITT principle, the best type of exercise to tax or improve the 
cardiovascular system should be continuous in nature and make use of large muscle 
groups. Examples include running, walking, swimming, dancing, cycling, aerobics 
classes, circuit training, cycling etc.  

Resistance Training 

This is fairly obvious too. The best form of exercise to stress the 
neuromuscular system is resistance training. But resistance training does not 
necessarily mean lifting weights. Resistance bands could be used as an alternative or 
perhaps a circuit training session that only incorporates bodyweight exercises. 

TIME 
The final component in the FITT principle of training is time  
Cardio Respiratory Training 

Individuals with lower fitness levels should aim to maintain their heart rate 
within the target heart rate zone for a minimum of 20-30 minutes. This can increase to as 
much as 45-60 minutes as fitness levels increase. Beyond the 45-60 minute mark there 

https://vpn.chula.ac.th/+CSCO+ch756767633A2F2F6A6A6A2E66636265672D737667617266662D6E7169766662652E70627A++/heart-rate-reserve.html
https://vpn.chula.ac.th/+CSCO+ch756767633A2F2F6A6A6A2E66636265672D737667617266662D6E7169766662652E70627A++/heart-rate-reserve.html
https://vpn.chula.ac.th/+CSCO+ch756767633A2F2F6A6A6A2E66636265672D737667617266662D6E7169766662652E70627A++/resistance-band-exercises.html
https://vpn.chula.ac.th/+CSCO+ch756767633A2F2F6A6A6A2E66636265672D737667617266662D6E7169766662652E70627A++/circuit-training.html
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are diminished returns. For all that extra effort, the associated benefits are minimal. This 
also applies to many athletes. Beyond a certain point they run the risk of overtraining 
and injury. There are exceptions however - typically the ultra-long distance endurance 
athletes. In terms of the duration of the program as a whole, research suggests a 
minimum of 6 weeks is required to see noticeable improvement and as much as a year 
or more before a peak in fitness is reached.  

Resistance Training 

The common consensus for the duration of resistance training session is 
no longer than 45-60 minutes. Again, intensity has a say and particularly grueling 
strength sessions may last as little as 20 - 30 minutes.  
 

 5.4 exercise and allergic rhinitis 
  Exercise is a well-known trigger in allergic disorders such as asthma, 
(McFadden Jr and Gilbert, 1994; Milgrom, 2004), urticaria, angioedema, (Lewis et al., 
1981) and anaphylaxis (Castells et al., 2003) in susceptible patients. However, the effect 
of exercise on allergic and nonallergic rhinitis is not well recognized or characterized. 
Outdoor exercise was first observed by Blackley (Blackley, 1873) in the late 1800s to 
worsen sneezing symptoms in patients with hay fever. This was presumably due to 
increased pollen exposure; thus, he recommended against exercise in these patients. In 
contrast, it was later observed that nasal congestion actually improved with exercise, 
and exercise was then recommended as a form of therapy for patients with hay fever 
(Hollopeter, 1916). In 1968, Richerson and Seebohm (1968) performed the first scientific 
studies demonstrating a decrease in nasal airway resistance in individuals with hay fever. 
Several studies have since confirmed that the nose becomes more patent during exercise 
in allergic and nonallergic individuals (Syabbalo et al., 1985; Serra-Batlles et al., 1994). 
The impact of exercise on rhinitis and the effect of rhinitis on exercise received 
considerable attention before the 1984 Olympics, where evidence indicated that chronic 
rhinitis occurs and deserves specific management in the athlete (Katz, 1984). The matic 
episodes caused by bruising and reflex stimulation, but other exposures such as cold air, 
changes in temperature and weather, outdoor pollution, and indoor exposures 
(formaldehyde, glues, paints, cleaners, and vinyl) were all suggested as possible triggers 
of exercise-induced chronic rhinitis (Katz, 1984). In the early 1990s, exercise in cold 
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temperatures, such as in skiing, was demonstrated to trigger a distinct clinical syndrome 
termed cold-induced rhinorrhea or skier’s nose (Silvers, 1991). Although the primary nasal 
symptom was rhinorrhea, nasal congestion and sneezing were also involved (Silvers, 
1991). More recently, it has been demonstrated that endurance athletes in top elite sports 
reported physician-diagnosed allergic rhinitis more often than other athletes or control 
subjects. Furthermore, only half of those athletes who reported allergic rhinitis were taking 
antiallergic medication (Alaranta et al., 2005). 
  Recently, some of studies have been studied about acute exercise or 
single bout exercise that induced the symptoms of allergies, such as exercise induced 
bronchoconstriction; EIB (Zietkowski et al., 2008, Manjra et al., 2009, Randolph, 2010) 
and exercise induced rhinitis; EIR (Silvers and. Poole, 2006, Schwartz et al., 2008). 
These researches were used high intensity exercise (Strenuous exercise) induced acute 
symptoms of allergic rhinitis. Exercise-induced rhinitis is characterized by itching, 
sneezing, rhinorrhea and/or postnasal drainage, nasal congestion and occasional 
anosmia provoked by exercise (Bonini, 2006). Valero A. et al. (2005) conducted a study 
of patients with allergic rhinitis and asthma with an acute exercise by cycling ergometer 
for 6 minutes at the intensity 80 - 90% of maximum heart rate. They found that exercise 
increased in nasal volume occurs, while in the latter there is a drop in forced expiratory 
volume in 1 second (FEV1). In 2006, Silvers and Poole, (2006) studied on physical 
activity, indoor versus outdoor exercise in athletes with allergic rhinitis. The survey found 
that 40% of the patients indicated that their indoor EIR adversely affected athletic 
performance, and this finding occurred more frequently in patients with nasal allergy vs 
unaffected individuals. Outdoor EIR occurred in 56.1% of the total population, and 
patients with nasal allergy reported significantly more rhinitis with outdoor exercise 
compared with unaffected individuals. In 2010, Aldred et al. (2010) studied of exercise 
increased the symptoms of allergic rhinitis in athletes swim evaluated by lung function, 
dyspnea and airway inflammation. The resulted showed that exercise is a decrease in 
peak nasal inspiratory flow and increased rhinitis symptoms. In 2005, Silvers and Poole 
survey individuals with and without nasal allergy who exercise regularly to determine the 
prevalence and nature of nasal symptoms induced by indoor exercise. They found that 
exercise-induced rhinitis, predominantly rhinorrhea, commonly occurs in athletes 
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regardless of underlying nasal allergy. A history specific to indoor and outdoor exercise 
triggers needs to be part of the complete rhinitis history so that specific treatment can 
be directed. The nose protects the lower airway by filtering, humidifying and warming 
inspired air, so nasal congestion places the lower airway at an increased risk (Passali et 
al., 2004). Autonomic reflexes affect nasal congestion by regulating glandular secretions 
and mucosal blood vessel dilation and permeability. Dynamic exercise stimulates a-
adrenoceptors that vasoconstrict and reduce nasal resistance (Fonseca et al., 2006). 
Isometric exercise increases nasal resistance in rhinitis patients, but minimally affects 
nasal resistance in healthy subjects. Autonomic nerves also mediate the contraction and 
relaxation of bronchial smooth muscle. Cholinergic-parasympathetic nerves stimulate 
bronchoconstriction, whereas b2-adrenergic sympathetic and/or noncholinergic 
parasympathetic nerves bronchodilate (Canning, 2006). Intensive training may promote 
vagal hegemony (Triposkiadis et al., 2002) with resting bradycardia, but increased 
bronchomotor tone and susceptibility to bronchospasm (Filipe et al., 2003). In addition, 
aerobic training decrease chronic allergic inflammation in the airways (Vieira et al., 
2008). Moderate physical activity seems to reduce the amount of inflammation 
mediators could be a possible explanation for physical activity being linked to 
frequencies of hay fever (Kohlhammer et al., 2006). However, the effects of aerobic 
exercise training are few and it is not clear in the patients with allergic rhinitis.  
Therefore, we are interested to study the effects of exercise training compared with 
exercise training combined vitamin C supplementation on cytokines and symptoms in 
allergic rhinitis patients. 
 
6. The preliminary study  
 
 We have studied the effect of acute exhaustive and moderate intensity 
exercise on cytokines in allergic rhinitis patients as the preliminary study.  The purpose 
of the present study was to determine the effects of acute exhaustive and 
moderate exercises on cytokine levels and clinical symptoms in patients with allergic 
rhinitis. 
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Twenty-seven individuals subjects between the age of 18 to 45 years 
were divided into 2 groups: healthy subjects (C; n = 14; male/female=5/9) and patients 
with allergic rhinitis (AR; n = 13; male/female=5/8). The C group had no history of 
allergic rhinitis and had a negative skin prick test. The AR group had a clinical history 
of persistent rhinitis, and had positive skin prick test (wheal diameter ≥ 3 mm) to 
house dust mite (D. pteronyssinus). Subjects with known asthma, chronic 
rhinosinusitis, hypertension or cardiovascular diseases were excluded. The AR 
subjects were asked to abstain from taking antihistamine medications, leukotriene 
receptor antagonist and nasal steroid in 5 days, 1 week and 2 weeks respectively prior 
to the start of the experiment.  

Before each exercise protocol, the subjects reported to the laboratory 
in the morning after an overnight fast for 8 hrs. Physiological characteristic s and 
rhinitis symptoms score were assessed. A blood sample was collected from a forearm 
vein. After having breakfast for 2 hrs, the subjects were asked to perform a maximal 
incremental exercise until exhaustion. In a subsequent visit (2 wks later), a mode rate-
intensity exercise was performed following the earlier mentioned assessment. 
Physiological characteristics (resting heart rate and blood pressure), Pulmonary 
function (FVC and FEV1), Rhinitis symptoms scores assessment, and nasal secretion 
collection were performed at pre and immediately post exercise of each exercise 
protocol. 
  Two exercise protocols were set in this study. Exhaustive exercise was 
performed using the Bruce treadmill protocol (Souza MS. et al., 2004). Subjects were 
asked to run on a treadmill (Landice, USA) in which the grade and intensity were 
increased every 3 minutes until exhaustion. Heart rate, oxygen consumption (VO 2) and 
carbondioxide production (VCO2) was measured throughout the test using a breath-
by-breath gas analysis system (Cortex Metamax 3X, Germany). Hereafter, we refer to 
this VO2max test as the exhaustive exercise protocol. After 2 weeks, each subject 
performed a moderate-intensity exercise bout, which comprised of running on the 
treadmill at an intensity corresponding to 65-70% heart rate reserve for 30 minutes.  

The results of this study are as followed; 

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Souza%20MS%22%5BAuthor%5D
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  Physiological characteristics and blood chemical data of the subjects 
are summarized in Table 1 (Appendix G). Body fat, cholesterol, and low density 
lipoprotein in the AR group were significantly lower than the C group (p<0.05). 
Moreover, the AR group exhibited a significantly higher total IgE than C groups 
(p<0.05). There were no significant differences (p<0.05) in heart rate, systolic blood 
pressure, diastolic blood pressure, maximal oxygen consumption (VO2max), forced 
vital capacity (FVC), forced expiratory volume (FEV1), hemoglobin, hematocrit, 
triglyceride, and high density lipoprotein cholesterol between the C and AR groups. 
  The baseline rhinitis symptoms score including nasal congestion, 
itching, sneezing, and rhinorrhea are shown in Table 2 (Appendix G).  After both 
exhaustive and moderate-intensity exercise, all rhinitis symptoms were significantly  
lower than before exercise (p<0.05); they were decreased from 7.69 to 1.23 points 
and 6.46 to 0.53 points, respectively. 
  The cytokines level of IL-2, IL-4, IL-13, and TNF-α measured in serum 
and nasal secretions at baseline were shown in Table 3 (Appendix G). The 
concentrations of the cytokines level were expressed as pg/ml. The cytokines 
concentration in nasal secretions contained significantly higher (p< 0.05) levels than 
serum in both groups. Moreover, all cytokines levels at baseline in AR group were 
significantly higher than C group (p<0.05). The percent difference of IL-2, IL-4, IL-13, 
and TNF-α after exhaustive exercise in the C:AR group were 21.13:35.25, -2.31:-2.46, 
0.15:1.49 and -16.21:-15.42, respectively. The percent difference of IL-2, IL-4, IL-13, 
and TNF-α after moderate exercise in the C:AR group were 35.25:58.36, -40.67:- 
11.74, -1.76: -1.29 and -28.7:-27.23, respectively. 

The percent difference of cytokine levels in nasal secretion of the C and 
AR groups are shown in Figure 1 (Appendix G). The data demonstrate that there ar e 
no significant difference (p<0.05) in the percent difference of nasal secretion 
cytokines when compared between exhaustive exercise and moderate exercise in 
both the C and AR groups. It was found that both the C and AR groups had relatively 
lower percent difference in pro-inflammatory cytokines (IL-4, IL-13, and TNF-α) and 
relatively higher percent difference in anti-inflammatory cytokine (IL-2) after moderate 
exercise but not significant difference. However, the ratio of IL -2 and IL-4 (IL-2/IL-4) 
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after moderate exercise was significantly higher than exhaustive exerci se in both the C 
and AR groups (p<0.05) (Figure 2) (Appendix G). The IL-2/IL-4 of the C and AR 
groups after exhaustive exercise were 0.5 and 0.7, respectively. The IL -2/IL-4 of the C 
and AR groups after moderate exercise were 6.32 and 2.18, respectively.  
  The results demonstrate that baseline cytokines in nasal secretion of 
patient with allergic rhinitis were higher than those of healthy controls. Both acute 
exhaustive and moderate-intensity exercise reduce rhinitis symptoms. But only 
moderate-intensity exercise had beneficial effects on cytokine response in nasal 
secretion by showed increasing the ratio of IL-2 and IL-4 in both C and AR groups. 
  In our study, the level of total immunoglobulin E (IgE) in the AR group 
(416.50 ± 352.69 IU/ml) was significantly higher than the C group (77 ± 52.06 IU/ml), 
which agrees with previous studies that have also reported that the IgE in patients with 
rhinitis was higher than in healthy controls (Rondon C. et al., 2007; Aldred S. et al., 
2010; Chan IH. et al., 2010). Patients with allergic rhinitis present an inflammatory IgE-
mediated response characteristized by a Th2 immunologic pattern, with mast cell and 
eosinophil activation and release of inflammatory mediators in response to an allergen 
(Rondon C. et al., 2007). IgE levels greater than 140 IU/ml are suggestive of an atopic 
etiology for patients with signs and symptoms of rhinitis (Demirjian M. et al., 2011).  

In the present study, the data found that rhinitis symptoms scores 
decrease after a single bout exercise in both exhaustive and moderate -intensity 
exercise. These findings lead to the assumption that nasal symptoms improve rather 
than worsen with exercise. The mechanisms by which acute exercise improve nasal 
rhinitis symptoms are not completely understood. It has been thought that these 
changes could be caused by a sympathetic activity induced nasal vasoconstriction 
that reduced the volume of the venous sinusoids (Valero A. et al., 2005). In addition, 
the improvement is most likely related to both acute exhaustive and moderate -intensity 
exercise reducing nasal congestion by decreasing blood flow and increasing sinus 
emptying in the capacitance vessels (Ramey JT. et al., 2006), since the nasal mucosa 
is composed of both resistance and capacitance blood vessels (Howarth PH. et al., 
2005). It has been shown that nasal resistance decrease with exercise (Serra -Batlles 
J. et al., 1994). However, a few studies have demonstrated an increase in rhinitis 

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Rond%C3%B3n%20C%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Aldred%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Chan%20IH%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Rond%C3%B3n%20C%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Valero%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Howarth%20PH%22%5BAuthor%5D
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symptoms with exercise (Mackinnon LT., 2000; Silvers WS. and Poole JA., 2006). 
Silvers WS. suggested that exercise-induced rhinitis, with varying degrees of 
rhinorrhea, congestion, and sneezing, has been increasingly recognized i n athletes 
who run, cycle, and ski (Silvers WS., 1992). 

Using flow cytometry, we found that cytokines in nasal secretion 
contained significantly higher concentrations than serum in both the C and AR groups. 
This indicates that cytokine determination should be determined in local area (nasal 
secretion) rather than in the systematic system (serum). In the present study, the IL -2, 
IL-4, IL-13 and TNF-α in nasal secretion of allergic rhinitis patients were significantly 
higher than the healthy subjects, which is in agreement with previous studies ( Bachert 
C. et al., 1995; Scavuzzo MC. et al., 2003). 

In terms of the cytokines response following acute exercise, the data 
showed that there was no significant difference between exhaustive and moderate -
intensity exercise in both the C and AR groups. However, we found that IL -2/IL-4 ratio 
after moderate-intensity exercise was significantly higher than exhaustive exercise in 
both the C and AR groups (p<.05). It was suggested that moderate -intensity exercise 
is more effective in cytokines response than exhaustive exercise for allergic rhinitis 
patients. Those previous studies indicated that moderate exercise induced the 
increase of anti-inflammatory cytokines but decrease the pro-inflammatory cytokine. 
We suggest that moderate-intensity exercise appears to have beneficial effects for 
allergic rhinitis patients, which is consistent with previous study ( Jeurissen A. et al., 
2003). They reported that moderate-intensity exercise could protect against upper 
respiratory tract infections. Moreover, Pedersen BK. et al. found that strenuous 
exercise is accompanied by an increase in circulating pro-inflammatory cytokines 
(Pedersen BK. et al., 1998). The mechanisms for this cytokine response to acute 
exercise is not known, and requires further investigation.  
  In summary, our data demonstrate that rhinitis  symptoms decrease 
after both acute exhaustive and moderate-intensity exercise but only moderate-
intensity exercise has positive response to pro-inflammatory cytokines levels. We 
therefore conclude that moderate-intensity exercise is beneficial for allergic rhinitis 
patients.  

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Mackinnon%20LT%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Silvers%20WS%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Bachert%20C%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Bachert%20C%22%5BAuthor%5D
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http://www.ncbi.nlm.nih.gov/pubmed?term=%22Jeurissen%20A%22%5BAuthor%5D
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  Based on the results of the preliminary study we used the moderate -
intensity exercise as the intervention in the study of the effects of exercise training 
combined with vitamin C supplementation on cytokines and symptoms in allergic  
rhinitis patients. 



CHAPTER III 
METHODOLOGY 

 
This study aims to determine the effects of moderate exercise training 

alone and moderate exercise training combination with vitamin C supplementation on 
cytokines levels in nasal secretion and symptoms in allergic rhinitis patients. The 
experimental protocol were divided into 4 parts. First, physiological characteristics and 
physical fitness in all subjects were examined. Second, blood chemical data i.e. total 
IgE level, specific IgE level and MDA levels were analyzed. Third, cytokine in nasal 
secretion level i.e.  IL-2, IL-4 and IL-13 were performed. And fourth, rhinitis symptoms 
variable including peak nasal inspiratory flow and nasal blood flow as well as rhinitis 
symptoms scores were assessed. All protocol and procedures employed in this study 
were reviewed and approved by the Institutional Review Board, Faculty of Medicine, 
Chulalongkorn University, Bangkok, COA No. 481/2011. 
 
Sample group 
 

The sample group of this study included healthy subjects and patients 
with allergic rhinitis who were students and official personnel in Chulalongkorn 
University, ranging in age from 18 to 45 years old. 

Inclusion criteria  
1. The study was composed of 19 patients with allergic rhinitis (6 control 

group, 6 exercise group and 7 exercise combined vitamin C supplementation group) 
2. The rhinitis patients were the persistent allergic rhinitis who had rhinitis 

symptoms more than 4 days a week and positive skin prick test to house dust mite 
(D.pteronyssinus).  

 - They had no complications with allergic rhinitis and sinusitis, ear 
tube malfunctions and asthma, and patients without kidney disease and kidney stones. 

 - All volunteers stopped taking all medicine before the study such 
as antihistamine for at least 3 days, oral steroid and nasal steroid for at least 2 weeks 
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and luekotriene receptor antagonist for at least a week prior to the study, but the 
patients could take pseudo ephedrine.  

3. The participants had no exercise training program. They were non-
smoker and without any food supplementation. 
  4. Volunteers signed the consent form to become subjects. 
  Exclusion criteria 
  1. The participants were sick or injured. 
  2. The participants were not voluntarily continued participating in the 
experiment. 

3. The participants who participate less than 80% of training program. 
 
Data collection 
 

  All allergic rhinitis patient volunteers were diagnosed by the co-advisor 
(Asst. Prof. Jettanong Klaewsongkram, M.D.), a medical professor of allergy and clinical 
immunology division, King Chulalongkorn Memorial hospital. The research working was 
carried out in the Faculty of Sports Science, Chulalongkorn University, Bangkok, 
Thailand. 
 
Instruments 
 

  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 protocol 
  1. Treadmill (Landice, UK.) 
  2. Heart rate monitor (Polar, Finland) 
  Instrument for measuring physiological data variables 
  1. Body composition analyze (Inbody, Korea) 
  2. Digital blood pressure (Omron, Japan) 
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  3. Heart rate monitor (Polar, Finland) 
  Instrument of measuring blood chemical data variebles 
  1. Centrifugator 
  2. Freezer - 80°C 
  3. Flow cytometer (BD FACSCalibur Flow Cytometer, USA) 
  Instruments for measuring symptoms variables of allergic rhinitis 
  1. Laser Doppler flowmeter (DRT4 MoorLAB, Moor instrument, England) 
  2. Peak nasal inspiratory flow meter (Clement Clark International model IN-
CHECK ORAL, UK.) 
  3. Rhinitis symptoms score 
  Instruments for measuring physical fitness variables 
  1. Spirotouch (Spacelabs Burdick, Inc., Deerfield, Wisconsin USA.) 
  2. Cardiopulmonary gas exchange system (Cortex, Metamax 3X): Breath 
by breath, Germany) 
 
Methodology 
 

  1. The volunteers have been aware of the details to perform the testing 
and data collection and signed the Informed Consent Form.  
  2. The sample account for 3 groups by using immunoglobulin E (IgE) 
data. 
  Group I: Subjects could do daily life as usual but no exercise program, 6 
persons. 
  Group II: Subjects were aerobic exercise by walking - running on a 
treadmill at a moderate intensity or about 65-70% of heart rate reserve (HRR) combined 
with placebo, 6 persons. The target heart rate used this following formula; 
 

Target HR = (HRmax – HRrest) x %intensity + HRrest 
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  Group III: Subjects were aerobic exercise by walking - running on a 
treadmill at a moderate intensity or about 65-70% of heart rate reserve (HRR) combined 
with vitamin C supplementation, 6 persons. 
  Exercise training protocol 
  Subjects got exercise training for 30 minutes per session three times a 
week for 8 weeks at the Faculty of Sports Science and they were took care by the 
researchers and staff. Subjects wear heart rate monitor (Polar, Finland) for control heart 
rate, warm up and stretching about 5 minutes, then walking - running on a treadmill 
(Landice, USA) at intensity of 65-70% HRR. The speed start at about 5 km / hour and the 
slope at about 0-2% level for 30 minutes, after that cool down for 5 minutes, so take the 
time to exercise a total of 40 minutes. 
  Vitamin C supplementation 
  The participants were vitamin C supplemented daily with an oral dose of 
2,000 mg 2 times/day (1,000 mg in the morning and evening) for 2 months. (Ascorbic 
acid, The Government Pharmaceutical Organization, Thailand)  

3. The data collection procedure that is defined (Figure 3.2). Subjects all 
group have been tested parameters before and after experiment. The test is divided into 
the following 2 days. The first day, subjects were collected physiological characteristics 
variables, physical fitness variables and blood chemical variables. The second day, they 
were collected nasal blood flow, peak nasal inspiratory flow, cytokine in nasal secretion, 
rhinitis symptom scores and nasal challenge by house dust mite (D.pteronyssinus). 
 
Parameter Assessment 
 

Physiological characteristics 
3.1 Physiological characteristics testing 
Body composition assessment   
Direct segmental multi-frequency bioelectrical impedance analysis 

method is used to measure percentage body fat, a body composition analysis device 
(InBody 220, Biospace, Korea). Subjects take off their shoes and socks before 
measuring. 
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Figure 3.1 Procedure 
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(n=19) 
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Skin Prick Testing 
 

House dust mite 
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bilateral 
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Nasal blood flow 
  Laser doppler flowmetry after 
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Nasal blood flow 
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  Laser doppler flowmetry after 
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Rhinitis symptoms score 

Rhinitis symptoms score  

Nasal secretion for cytokine analysis 
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Nasal secretion for cytokine analysis 
  Filter paper  
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Resting heart rate 
The participant was sitting and had an adequate rest period of at 

least 5 minutes prior to the measurement. Adequate rest was indicated when the heart 
rate had stabilized at a low rate. The resting heart rate was measured with heart rate 
monitor (Polar, Finland). 

Resting blood pressure 
The participants were sitting upright in a straight backed chair. 

Both feet were flat on the floor, and the left arm was resting on the table with the elbow 
flexed. Subject was relaxed for a few minutes in this position. Conversation was 
discouraged. The blood pressure was measured with digital blood pressure (Omron, 
Japan). The phase systolic pressure and diastolic pressure were recorded in millimeters 
of mercury (mmHg).   

Physical fitness testing 
Pulmonary function 
Pulmonary function (FVC and FEV1) were conducted on all subjects 

using a calibrated computerized pneumotachograph spirometer (Spirotouch; Burdick, 
Inc., Deerfield, Wisconsin USA.) according to American Thoracic Society (ATS) 
recommendations (Laszlo G., 2006). 

Cardiorespiratory fitness (VO2max) testing  
VO2max was performed using bruce treadmill protocol. Subjects 

were asked to run on a treadmill (Landice, USA) in which the grade and intensity were 
increased every 3 minutes until exhaustion. 

Blood collection and analysis 
Blood samples were obtained from an antecubital vein.  A portion of 

blood was collected into a tube containing ethylenediamine tetraacetic acid and was 
place immediately on ice for the determination of hematological parameters and vitamin 
C level. Another portion of blood was collected in plain tubes, left on ice for 30 min to 
clot and centrifuged at 1200 g for 20 min at 4 ºC for serum separation. Lipid profiles 
including total cholesterol, triglyceride, high density lipoprotein (HDL-C), and low density 
lipoprotein (LDL-C) were analyzed using the homogenous enzymatic colorimetric 
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method. The rest serum was transferred in tubes and was stored at -70 ºC until analysis 
(Suksom D. et al., 2011). 

Nasal secretion collection and handing 
  Nasal secretions collection were performed bilaterally with filter paper strips 
(7x30 mm Whatman No.42, Whatman, Clifton, NJ). Three filter paper strips were sequentially 
placed on each anterior portion of the inferior turbinate for 10 min. This filter paper strips 
were collected into appropriate tubes and centrifuged at 3,000 rpm for 5 min at 4 °C and 
immediately frozen at -70 °C until later analysis. 

Cytokines analysis 
  The cytokines IL-2, IL-4, IL-13, and tumor necrosis factor (TNF)-α in 
blood and nasal secretion were determined by using the flow cytometry technique 
(Scavuzzo MC. et al., 2003). Data were acquired using the Flow cytometer (BD 
FACSCalibur Flow Cytometer, USA) and analyzed by FlowcytomixTM Pro software 
(eBioscience, USA.).  

Rhinitis symptom score 
Nasal symptoms were recorded using rhinitis symptom scores 

questionnaires. The patients were asked to score symptoms of persistent allergic rhinitis; 
nasal congestion, itching, sneezing, and rhinorrhea before and after each exercise 
protocol. The score ranged from 0 to 3 points (0 = none, 1 = mild, 2 = moderate, 3 = 
severe).  

Nasal blood flow  
Nasal mucosa blood flow was measured by laser doppler flowmetry (DRT4 

moor instrument, UK.). A side delivery endoscopic probe with flexible nylon sleeve 
diameter 1.34 mm. was place on anterior surface of the nose. The nasal blood flow values 
before and after exercise in each protocol were measured. 

Peak nasal inspiratory flow 
Peak nasal inspiratory flow (PNIF) measured by using a Peak nasal 

inspiratory flow meter (Clement Clark International model IN-CHECK ORAL, UK.) 
attached to an anesthesia mask. During this procedure, subjects places the mask over 
the nose and mouth and inspires forcefully through the nose, with lips tightly closed. The 

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Scavuzzo%20MC%22%5BAuthor%5D
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measurement is carried out in a scale which varied between 30-370 liters/minute. PNIF 
was measured before and after exercise in each protocol. 

Nasal secretion collection and handing 
Nasal secretion collection was performed bilaterally with filter paper strips 

(7x30 mm Whatman No.42, Whatman, Clifton, NJ). Three filter paper strips were sequentially 
placed on each anterior portion of the inferior turbinate for 10 min. This filter paper strips 
were collected into appropriate tubes and centrifuged 3,000 rpm for 5 min at 4 °C and 
immediately frozen at -70 °C until later analysis. 

Nasal challenge 
Participants were encouraged to nasal challenge by house dust mite 

allergen. Bilateral nasal provocation used a nasal spray (metered-dose bottle) delivering 
a fixed volume of 0.125 mL/puff, 1 puff in each nostril of 1000 AU/ml of D. pteronyssinus 
(Chusakul S. et al., 2010).  
 
Data analysis 
 

Data were analyzed using statistical program in computer (SPSS version 
17 for Windows statistical software). Normality distribution of the variables was test by a 
Shapiro-Wilk test. The dependent variables between pre-test and post-test were 
analyzed by a paired t-test. For comparison among groups, one way analysis of 
covariance (one-way ANCOVA) was used. One-way repeated measure ANOVA for 
analyze between each time after nasal challenge. Post Hoc Multiple Comparisons with 
Scheffe’. Differences were considered significant at p<.05. Data were expressed as 
mean ± SEM. 
 



CHAPTER IV 
RESULTS 

 
This study composed of four major parts which were served to examine 

the effects of aerobic exercise training combined with vitamin C supplement on cytokine 
and symptoms in allergic rhinitis patients. These four major parts were as followed:- 

Part 1 The comparison of physiological characteristics variables 
between pre- and post-training and among three groups of subjects: control group 
(CON), exercise group (EX) and exercise combined vitamin C supplementation group 
(EX + Vit. C). 

Part 2 The comparison of blood chemical variables between pre- and 
post-training and among three groups of subjects: control group (CON), exercise group 
(EX) and exercise combined vitamin C supplementation group (EX + Vit. C).  

Part 3 The comparison of cytokine levels in nasal secretion between pre- 
and post-training and among three groups of subjects: control group (CON), exercise 
group (EX) and exercise combined vitamin C supplementation group (EX + Vit. C). 

Part 4 The comparison of rhinitis symptoms variables between pre- and 
post-training and among three groups of subjects: control group (CON), exercise group 
(EX) and exercise combined vitamin C supplementation group (EX + Vit. C). 
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Part 1 The comparison of physiological characteristics variables between pre- 
and post-training and among three groups of subjects: control group (CON), exercise 
group (EX) and exercise combined vitamin C supplementation group (EX + Vit. C). 

 

Values of resting heart rate were shown in Table 4.1 and Figure 4.1. After 8 weeks 
of training, EX and EX + Vit. C groups had a significantly lower (p < 0.05) resting heart 
rate when compared to pre-test. 

Table 4.1 The comparison of resting heart rate (bpm) between pre- and post-
training and among three groups of subjects: control group (CON), exercise group (EX) 
and exercise combined vitamin C supplementation group (EX + Vit. C). 
   

Group 
Resting heart rate (bpm) 

t P-value 
Pre-test Post-test 

CON (n=6) 77.66 ± 2.09 79.83 ± 1.57 -1.95 0.10 
EX (n=6) 81.33 ± 3.97 73.00 ± 3.45* 2.90 0.03 
EX + Vit. C (n=7) 85.00 ± 3.42 75.42 ± 3.64* 3.15 0.02 

 

Values are means ± SEM. 
*p < 0.05, significant different from pre-test. 

  

 

 

 

 

 

 

 

 
*p < 0.05, significant different from pre-test. 

Figure 4.1 The comparison of resting heart rate (bpm) between pre- and post-
training and among three groups of subjects: control group (CON), exercise group (EX) 
and exercise combined vitamin C supplementation group (EX + Vit. C). 
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Values of systolic blood pressure were shown in Table 4.2 and Figure 4.2.There 
were no significant difference in systolic blood pressure between pre- and post-test in 
all three groups; CON group, EX group and EX + Vit. C group. 

 
Table 4.2 The comparison of systolic blood pressure (mmHg) between pre- and 

post-training and among three groups of subjects: control group (CON), exercise group 
(EX) and exercise combined vitamin C supplementation group (EX + Vit. C). 

 

Group 
Systolic blood pressure (mmHg) 

t P-value Pre-test Post-test 

CON (n=6) 123.16 ± 6.13 126.66 ± 6.37 -0.73 0.49 
EX (n=6) 113.16 ± 4.23 113.00 ± 5.44 0.07 0.94 
EX + Vit. C (n=7) 115.71 ± 3.32 111.00 ± 3.89 1.63 0.15 

Values are means ± SEM. 

  
 

 

 

 

 

 

 

 

 

 

Figure 4.2 The comparison of systolic blood pressure (mmHg) between pre- and 
post-training and among three groups of subjects: control group (CON), exercise group 
(EX) and exercise combined vitamin C supplementation group (EX + Vit. C). 
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Values of diastolic blood pressure were shown in Table 4.3 and Figure 4.3.There 
were no significant difference in diastolic blood pressure between pre- and post-test in 
all three groups; CON group, EX group and EX + Vit. C group. 

 
Table 4.3 The comparison of diastolic blood pressure (mmHg) between pre- and 

post-training and among three groups of subjects: control group (CON), exercise group 
(EX) and exercise combined vitamin C supplementation group (EX + Vit. C). 
 

Group 
Diastolic blood pressure (mmHg) 

t P-value 
Pre-test Post-test 

CON (n=6) 74.16 ± 3.77 75.16 ± 3.55 -0.80 0.45 
EX (n=6) 68.50 ± 4.93 64.83 ± 3.91 0.81 0.45 
EX + Vit. C (n=7) 69.85 ± 1.62 64.71 ± 2.70 2.41 0.05 

Values are means ± SEM. 

 

 

 

 

 

 

 

 

 

 
 
Figure 4.3 The comparison of diastolic blood pressure (mmHg) between pre- 

and post-training and among three groups of subjects: control group (CON), exercise 
group (EX) and exercise combined vitamin C supplementation group (EX + Vit. C). 
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Values of body weight were shown in Table 4.4 and Figure 4.4.There were no 
significant difference in body weight between pre- and post-test in all three groups; CON 
group, EX group and EX + Vit. C group. 

 
Table 4.4 The comparison of body weight (kg) between pre- and post-training 

and among three groups of subjects: control group (CON), exercise group (EX) and 
exercise combined vitamin C supplementation group (EX + Vit. C). 
 

Group 
Body weight (kg) 

t P-value Pre-test Post-test 

CON (n=6) 62.31 ± 5.16 62.75 ± 5.23 -0.93 0.39 
EX (n=6) 62.83 ± 8.01 61.61 ± 7.53 1.70 0.14 
EX + Vit. C (n=7) 53.57 ± 3.78 53.20 ± 3.76 1.09 0.31 

Values are means ± SEM. 
  
 
 

 

 

 

 

 

 

 

 
 
Figure 4.4 The comparison of body weight (kg) between pre- and post-training 

and among three groups of subjects: control group (CON), exercise group (EX) and 
exercise combined vitamin C supplementation group (EX + Vit. C). 
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Values of body mass index were shown in Table 4.5 and Figure 4.5. There were no 
significant difference in body mass index between pre- and post-test in all three groups; 
CON group, EX group and EX + Vit. C group. 

 

Table 4.5 The comparison of body mass index (kg/m2) between pre- and post-
training and among three groups of subjects: control group (CON), exercise group (EX) 
and exercise combined vitamin C supplementation group (EX + Vit. C).  

 

Group 
BMI (kg/m2) 

t P-value 
Pre-test Post-test 

CON (n=6) 21.35 ± 1.70 21.41 ± 1.67 -0.36 0.73 
EX (n=6) 23.56 ± 2.78 23.10 ± 2.58 1.64 0.16 
EX + Vit. C (n=7) 20.10 ± 1.14 19.90 ± 1.12 1.59 0.16 

Values are means ± SEM. 

 
 
 

 

 

 

 

 

 

 

 
Figure 4.5 The comparison of body mass index (kg/m2) between pre- and post-

training and among three groups of subjects: control group (CON), exercise group (EX) 
and exercise combined vitamin C supplementation group (EX + Vit. C). 
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Values of body fat were shown in Table 4.6 and Figure 4.6. There were no 
significant difference in body fat between pre- and post-test in all three groups; CON 
group, EX group and EX + Vit. C group. 

 
Table 4.6 The comparison of body fat (%) between pre- and post-training and 

among three groups of subjects: control group (CON), exercise group (EX) and exercise 
combined vitamin C supplementation group (EX + Vit. C).  

 

Group 
Body fat (%) 

t P-value 
Pre-test Post-test 

CON (n=6) 20.41 ± 4.78 20.33 ± 4.67 0.19 0.85 
EX (n=6) 25.41 ± 5.93 24.63 ± 5.36 0.87 0.42 
EX + Vit. C (n=7) 20.51 ± 4.47 19.27 ± 4.03 1.43 0.20 

Values are means ± SEM. 
 

 

 

 

 

 

 

 

 

 

 
Figure 4.6 The comparison of body fat (%) between pre- and post-training and 

among three groups of subjects: control group (CON), exercise group (EX) and exercise 
combined vitamin C supplementation group (EX + Vit. C). 
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Values of VO2max were shown in Table 4.7 and Figure 4.7. After 8 weeks of 
training, EX and EX + Vit. C groups had a significantly higher (p < 0.05) VO2max when 
compared to pre-test. 

 

Table 4.7 The comparison of maximum oxygen consumption; VO2max (ml/kg/min) 
between pre- and post-training and among three groups of subjects: control group (CON), 
exercise group (EX) and exercise combined vitamin C supplementation group (EX + Vit. C).  

 

Group 
VO2max (ml/kg/min) 

t P-value 
Pre-test Post-test 

CON (n=6) 32.33 ± 3.21 29.83 ± 3.48* 3.47 0.01 
EX (n=6) 29.66 ± 2.24 33.66 ± 1.76* -2.78 0.03 
EX + Vit. C (n=7) 33.85 ± 2.69 36.85 ± 3.05* -2.93 0.02 

 

Values are means ± SEM. 
*p < 0.05, significant different from pre-test. 

 

 

 

 

 

 

 

 

 

*p < 0.05, significant different from pre-test. 

Figure 4.7 The comparison of maximum oxygen consumption; VO2max (ml/kg/min) 
between pre- and post-training and among three groups of subjects: control group (CON), 
exercise group (EX) and exercise combined vitamin C supplementation group (EX + Vit. C). 

 



 76 

0

0.5

1

1.5

2

2.5

3

3.5

CON EX EX + Vit. C 

FV
C 

(L
ite

rs
)

Pre-test

Post-test

Values of FVC were shown in Table 4.8 and Figure 4.8. There were no significant 
difference in FVC between pre- and post-test in all three groups; CON group, EX group 
and EX + Vit. C group. 

 
Table 4.8 The comparison of forced vital capacity; FVC (liters) between pre- and 

post-training and among three groups of subjects: control group (CON), exercise group 
(EX) and exercise combined vitamin C supplementation group (EX + Vit. C).  

 

Group 
FVC (liters) 

t P-value 
Pre-test Post-test 

CON (n=6) 2.97 ± 0.26 2.91 ± 0.27 1.32 0.24 
EX (n=6) 2.61 ± 0.24 2.62 ± 0.18 -0.16 0.87 
EX + Vit. C (n=7) 2.91 ± 0.25 2.99 ± 0.27 -1.29 0.24 

Values are means ± SEM. 

 
 

 

 

 

 

 

 

 

 

 

Figure 4.8 The comparison of forced vital capacity forced vital capacity; FVC 
(liters) between pre- and post-training and among three groups of subjects: control group 
(CON), exercise group (EX) and exercise combined vitamin C supplementation group      
(EX + Vit. C). 
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Values of FEV1 were shown in Table 4.9 and Figure 4.9. There were no significant 
difference in FEV1 between pre- and post-test in all three groups; CON group, EX group 
and EX + Vit. C group. 

 
Table 4.9 The comparison of forced expiratory volume at 1 second; FEV1 (liters) 

between pre- and post-training and among three groups of subjects: control group (CON), 
exercise group (EX) and exercise combined vitamin C supplementation group (EX + Vit. C).  
 

Group 
FEV1 (liters) 

t P-value 
Pre-test Post-test 

CON (n=6) 2.63 ± 0.19 2.68 ± 0.17 -0.73 0.48 
EX (n=6) 2.58 ± 0.17 2.66 ± 0.15 -0.90 0.40 
EX + Vit. C (n=7) 2.60 ± 0.19 2.72 ± 0.29 -0.73 0.48 

Values are means ± SEM. 

 
 

 

 

 

 

 

 

 

 

 
Figure 4.9 The comparison of forced expiratory volume at 1 second; FEV1 (liters) 

between pre- and post-training and among three groups of subjects: control group (CON), 
exercise group (EX) and exercise combined vitamin C supplementation group  (EX + Vit. C). 
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Values of SVC were shown in Table 4.10 and Figure 4.10. There were no 
significant difference in SVC between pre- and post-test in all three groups; CON group, 
EX group and EX + Vit. C group. 

 
Table 4.10 The comparison of slow vital capacity; SVC (liters) between pre- and 

post-training and among three groups of subjects: control group (CON), exercise group 
(EX) and exercise combined vitamin C supplementation group (EX + Vit. C).  
 

Group 
SVC (liters) 

t P-value 
Pre-test Post-test 

CON (n=6) 2.86 ± 0.26 2.83 ± 0.27 0.56 0.59 
EX (n=6) 2.87 ± 0.28 3.03 ± 0.29 -2.40 0.06 
EX + Vit. C (n=7) 2.88 ± 0.23 3.09 ± 0.28 -2.40 0.05 

Values are means ± SEM. 

 
 

 

 

 

 

 

 

 

 

 

Figure 4.10 The comparison of slow vital capacity; SVC (liters) between pre- and 
post-training and among three groups of subjects: control group (CON), exercise group 
(EX) and exercise combined vitamin C supplementation group (EX + Vit. C). 
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Values of MVV were shown in Table 4.11 and Figure 4.11. There were no 
significant difference in MVV between pre- and post-test in all three groups; CON group, 
EX group and EX + Vit. C group. 

 
Table 4.11 The comparison of maximum voluntary ventilation; MVV (liters/min) 

between pre- and post-training and among three groups of subjects: control group (CON), 
exercise group (EX) and exercise combined vitamin C supplementation group (EX + Vit. C).  
 

Group 
MVV (liters/min) 

t P-value 
Pre-test Post-test 

CON (n=6) 83.83 ± 17.52 84.50 ± 16.08 -0.12 0.90 
EX (n=6) 81.00 ± 9.28 83.16 ± 9.81 -0.60 0.57 
EX + Vit. C (n=7) 82.28 ± 12.29 85.00 ± 13.06 -0.79 0.45 

Values are means ± SEM. 

 
 

 

 

 

 

 

 

 

 

 

Figure 4.11 The comparative between pre-test and post-test of maximum 
voluntary ventilation; MVV (liters/min) in control group (CON), exercise group (EX) and 
exercise combined vitamin C supplementation group (EX + Vit. C). 
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Table 4.12 The comparison of percent difference of the physiological characteristics variables among in control group (CON), 
exercise group (EX) and exercise combined vitamin C supplementation group (EX + Vit. C). 
 

 

Values are means ± SEM.  * p < 0.05, significant difference from pre-test in same group.  †p < 0.05, significant difference from CON group. 

  
 

Variables 
CON (n=6) EX (n=6) EX + Vit. C (n=7) 

F 
P-

value Pre-test Post-test %Diff Pre-test Post-test %Diff Pre-test Post-test %Diff 
Resting heart rate (b/min.) 77.66 ± 2.09 79.83 ± 1.57 2.79 81.33 ± 3.97 73.00 ± 3.45* -10.24† 85.00 ± 3.42 75.42 ± 3.64* -11.27† 7.02 0.00 
Systolic BP (mmHg) 123.16 ± 6.13 126.66 ± 6.37 2.84 113.16 ± 4.23 113.00 ± 5.44 -0.14 115.71 ± 3.32 111.00 ± 3.89 -4.07 1.68 0.21 
Diastolic BP (mmHg) 74.16 ± 3.77 75.16 ± 3.55 1.34 68.50 ± 4.93 64.83 ± 3.91 -5.35 69.85 ± 1.62 64.71 ± 2.70 -7.36 1.32 0.29 
Body weight (kg.) 62.31 ± 5.16 62.75 ± 5.23 0.70 62.83 ± 8.01 61.61 ± 7.53 -1.94 53.57 ± 3.78 53.20 ± 3.76 -0.69 1.84 0.19 
BMI (kg./m2) 21.35 ± 1.70 21.41 ± 1.67 0.28 23.56 ± 2.78 23.10 ± 2.58 -1.95 20.10 ± 1.14 19.90 ± 1.12 -1.00 1.34 0.28 
Body fat (%) 20.41 ± 4.78 20.33 ± 4.67 -0.39 25.41 ± 5.93 24.63 ± 5.36 -3.06 20.51 ± 4.47 19.27 ± 4.03 -6.05 0.43 0.65 
Vo2max (ml./kg./min.) 32.33 ± 3.21 29.83 ± 3.48 -7.73 29.66 ± 2.24 33.66 ± 1.76* 13.48† 33.85 ± 2.69 36.85 ± 3.05* 8.86† 10.10 0.00 
FVC (Liters) 2.97 ± 0.26 2.91 ± 0.27 -2.02 2.61 ± 0.24 2.62 ± 0.18 0.38 2.91 ± 0.25 2.99 ± 0.27 2.75 1.31 0.29 
FEV1 (Liters) 2.63 ± 0.19 2.68 ± 0.17 1.90 2.58 ± 0.17 2.66 ± 0.15 3.10 2.60 ± 0.19 2.72 ± 0.29 4.62 0.00 0.99 
SVC (Liters) 2.86 ± 0.26 2.83 ± 0.27 -1.04 2.87 ± 0.28 3.03 ± 0.29 5.57 2.88 ± 0.23 3.09 ± 0.28 7.29 3.22 0.06 
MVV (Liters/min) 83.83 ± 17.52 84.50 ± 16.08 0.79 81.00 ± 9.28 83.16 ± 9.81 2.66 82.28 ± 12.29 85.00 ± 13.06 3.31 0.06 0.94 
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The percent difference of the physiological characteristics variables of control 
group (CON), exercise group (EX) and exercise combined vitamin C supplementation 
group (EX + Vit. C) are shown in Table 4.12. The data demonstrate that the percent 
difference of resting heart rate in both EX and EX + Vit. C groups were significantly lower 
than CON group (p < 0.05) and the percent difference of maximum oxygen 
consumption (VO2max) in both EX and EX + Vit. C groups were significantly higher than 
CON group (p < 0.05). However, there are no significant difference (p>0.05) in the 
percent difference of systolic blood pressure, diastolic blood pressure, body weight, 
body mass index, body fat, FVC, FEV1, SVC and MVV when compared among in CON 
group, EX group and EX + Vit. C group. 
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Part 2 The comparison of blood chemical variables between pre- and post-
training and among three groups of subjects: control group (CON), exercise group (EX) 
and exercise combined vitamin C supplementation group (EX + Vit. C). 

 
Values of white blood cell were shown in Table 4.13 and Figure 4.12. There were 

no significant difference in white blood cell between pre- and post-test in all three 
groups; CON group, EX group and EX + Vit. C group. 

 
Table 4.13 The comparison of white blood cell (cells/mm3) between pre- and post-

training and among three groups of subjects: control group (CON), exercise group (EX) and 
exercise combined vitamin C supplementation group (EX + Vit. C). 
 

Group 
White blood cell (cells/mm3) 

t P-value 
Pre-test Post-test 

CON (n=6) 7236.66 ± 557.03 6983.33 ± 374.47 0.61 0.56 
EX (n=6) 6230.00 ± 375.54 7085.00 ± 480.24 -1.37 0.22 
EX + Vit. C (n=7) 5980.00 ± 557.31 5541.42 ± 347.21 1.40 0.21 
Values are means ± SEM. 

 

 

 

 

 

 

 

 

 
Figure 4.12 The comparison of white blood cell (cells/mm3) between pre- and 

post-training and among three groups of subjects: control group (CON), exercise group 
(EX) and exercise combined vitamin C supplementation group (EX + Vit. C). 
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Values of red blood cell were shown in Table 4.14 and Figure 4.13. There were no 
significant difference in red blood cell between pre- and post-test in all three groups; 
CON group, EX group and EX + Vit. C group. 

 
Table 4.14 The comparison of red blood cell (mcells/mm3) between pre- and post-

training and among three groups of subjects: control group (CON), exercise group (EX) and 
exercise combined vitamin C supplementation group (EX + Vit. C). 

 

Group 
Red blood cell (Mcells/mm3) 

t P-value 
Pre-test Post-test 

CON (n=6) 5.42 ± 0.29 5.40 ± 0.34 0.25 0.80 
EX (n=6) 4.65 ± 0.23 4.71 ± 0.30 -0.38 0.71 
EX + Vit. C (n=7) 4.63 ± 0.23 4.76 ± 0.17 -1.16 0.29 
Values are means ± SEM. 

 

 

 

 

 

 

 

 

 

 

Figure 4.13 The comparison of red blood cell (mcells/mm3) between pre- and 
post-training and among three groups of subjects: control group (CON), exercise group 
(EX) and exercise combined vitamin C supplementation group (EX + Vit. C). 
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Values of hemoglobin were shown in Table 4.15 and Figure 4.14. There were no 
significant difference in hemoglobin between pre- and post-test in all three groups; CON 
group, EX group and EX + Vit. C group. 

 
Table 4.15 The comparison of hemoglobin (g/dl) between pre- and post-training 

and among three groups of subjects: control group (CON), exercise group (EX) and 
exercise combined vitamin C supplementation group (EX + Vit. C). 

 

Group 
Hemoglobin (g/dl) 

t P-value 
Pre-test Post-test 

CON (n=6) 14.76 ± 0.53 14.71 ± 0.65 0.18 0.85 
EX (n=6) 13.43 ± 0.51 13.65 ± 0.61 -0.57 0.59 
EX + Vit. C (n=7) 13.81 ± 0.53 14.04 ± 0.49 -0.80 0.44 
Values are means ± SEM. 

 

 

 

 

 

 

 

 

 

 

Figure 4.14 The comparison of hemoglobin (g/dl) between pre- and post-training 
and among three groups of subjects: control group (CON), exercise group (EX) and 
exercise combined vitamin C supplementation group (EX + Vit. C). 
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Values of hematocrit were shown in Table 4.16 and Figure 4.15. There were no 
significant difference in hematocrit between pre- and post-test in all three groups; CON 
group, EX group and EX + Vit. C group. 

 
Table 4.16 The comparison of hematocrit (%) between pre- and post-training and 

among three groups of subjects: control group (CON), exercise group (EX) and exercise 
combined vitamin C supplementation group (EX + Vit. C). 

 

Group 
Hematocrit (%) 

t P-value 
Pre-test Post-test 

CON (n=6) 46.16 ± 1.99 43.16 ± 1.60 2.47 0.05 
EX (n=6) 40.33 ± 1.90 40.50 ± 1.97 -0.16 0.87 
EX + Vit. C (n=7) 41.42 ± 1.71 41.85 ± 1.47 -0.36 0.72 
Values are means ± SEM. 

 
 

 

 

 

 

 

 

 

 

 

Figure 4.15 The comparison of hematocrit (%) between pre- and post-training and 
among three groups of subjects: control group (CON), exercise group (EX) and exercise 
combined vitamin C supplementation group (EX + Vit. C). 
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Values of cholesterol were shown in Table 4.17 and Figure 4.16. There were no 
significant difference in cholesterol between pre- and post-test in all three groups; CON 
group, EX group and EX + Vit. C group. 

 
Table 4.17 The comparison of cholesterol (mg/dl) between pre- and post-training 

and among three groups of subjects: control group (CON), exercise group (EX) and 
exercise combined vitamin C supplementation group (EX + Vit. C). 

 

Group 
Cholesterol (mg/dl) 

t P-value 
Pre-test Post-test 

CON (n=6) 194.66 ± 14.41 192.83 ± 14.06 0.24 0.81 
EX (n=6) 187.00 ± 2.48 194.16 ± 10.22 -0.77 0.47 
EX + Vit. C (n=7) 186.71 ± 6.23 193.42 ± 5.85 -1.49 0.18 
Values are means ± SEM. 

 

 

 

 

 

 

 

 

 

 

Figure 4.16 The comparison of cholesterol (mg/dl) between pre- and post-training 
and among three groups of subjects: control group (CON), exercise group (EX) and 
exercise combined vitamin C supplementation group (EX + Vit. C). 
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Values of triglyceride were shown in Table 4.18 and Figure 4.17. There were no 
significant difference in triglyceride between pre- and post-test in all three groups; CON 
group, EX group and EX + Vit. C group. 

 
Table 4.18 The comparison of triglyceride (mg/dl) between pre- and post-training 

and among three groups of subjects: control group (CON), exercise group (EX) and 
exercise combined vitamin C supplementation group (EX + Vit. C). 

 

Group 
Triglyceride (mg/dl) 

t P-value 
Pre-test Post-test 

CON (n=6) 84.50 ± 21.36 81.16 ± 17.23 0.53 0.61 
EX (n=6) 78.66 ± 9.68 81.16 ± 7.30 -0.38 0.71 
EX + Vit. C (n=7) 64.71 ± 11.61 71.42 ± 10.56 -0.63 0.55 
Values are means ± SEM. 

 

 

 

 

 

 

 

 

 

 
 
Figure 4.17 The comparison of triglyceride (mg/dl) between pre- and post-training 

and among three groups of subjects: control group (CON), exercise group (EX) and 
exercise combined vitamin C supplementation group (EX + Vit. C). 
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Values of HDL-C were shown in Table 4.19 and Figure 4.18. There were no 
significant difference in HDL-C between pre- and post-test in all three groups; CON 
group, EX group and EX + Vit. C group. 

 
Table 4.19 The comparison of high density lipoprotein cholesterol; HDL-C (mg/dl) 

between pre- and post-training and among three groups of subjects: control group (CON), 
exercise group (EX) and exercise combined vitamin C supplementation group (EX + Vit. C). 
 

Group 
HDL-C (mg/dl) 

t P-value 
Pre-test Post-test 

CON (n=6) 65.66 ± 6.86 56.16 ± 6.79* 10.73 0.00 
EX (n=6) 62.00 ± 5.54 58.16 ± 4.27 1.10 0.31 
EX + Vit. C (n=7) 70.85 ± 5.06 68.85 ± 5.44 0.54 0.60 
Values are means ± SEM. 
*p < 0.05, significant different from pre-test. 
 

 

 

 

 

 
 
 
 

 
*p < 0.05, significant different from pre-test. 
Figure 4.18 The comparison of high density lipoprotein cholesterol; HDL-C 

(mg/dl) between pre- and post-training and among three groups of subjects: control group 
(CON), exercise group (EX) and exercise combined vitamin C supplementation group      
(EX + Vit. C). 
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Values of LDL-C were shown in Table 4.20 and Figure 4.19. There were no 
significant difference in LDL-C between pre- and post-test in all three groups; CON 
group, EX group and EX + Vit. C group. 

 
Table 4.20 The comparison of low density lipoprotein cholesterol; LDL-C (mg/dl) 

between pre- and post-training and among three groups of subjects: control group (CON), 
exercise group (EX) and exercise combined vitamin C supplementation group (EX + Vit. C). 
 

Group 
LDL-C (mg/dl) 

t P-value 
Pre-test Post-test 

CON (n=6) 114.50 ± 13.22 123.33 ± 12.79 -1.45 0.20 
EX (n=6) 112.50 ± 4.35 120.33 ± 7.73 -1.02 0.35 
EX + Vit. C (n=7) 104.28 ± 5.47 116.14 ± 6.38 -1.71 0.09 
Values are means ± SEM. 
 

 

 

 

 

 

 

 

 

 

Figure 4.19 The comparison of low density lipoprotein cholesterol; LDL-C (mg/dl) 
between pre- and post-training and among three groups of subjects: control group (CON), 
exercise group (EX) and exercise combined vitamin C supplementation group (EX + Vit. C). 
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Values of Total IgE were shown in Table 4.21 and Figure 4.20. After 8 weeks of 
training, EX + Vit. C group had a significantly lower (p < 0.05) total IgE when compared 
to pre-test. 

 
Table 4.21 The comparison of total Immunoglobulin E; Total IgE (IU/ml) between 

pre- and post-training and among three groups of subjects: control group (CON), exercise 
group (EX) and exercise combined vitamin C supplementation group (EX + Vit. C). 

 

Group 
Total IgE (IU/ml) 

t P-value 
Pre-test Post-test 

CON (n=6) 323.16 ± 115.75 328.33 ± 110.54 -0.43 0.68 
EX (n=6) 374.00 ± 154.45 363.33 ± 129.10 0.31 0.76 
EX + Vit. C (n=7) 336.28 ± 126.36 262.42 ± 82.59* 4.64 0.04 
Values are means ± SEM. 
*p < 0.05, significant different from pre-test. 
 

 

 

 

 

 

 

 

 

*p < 0.05, significant different from pre-test. 

 
Figure 4.20 The comparison of total Immunoglobulin E; Total IgE (IU/ml) between 

pre- and post-training and among three groups of subjects: control group (CON), exercise 
group (EX) and exercise combined vitamin C supplementation group (EX + Vit. C). 
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Figure 4.21 The comparison of total Immunoglobulin E; Total IgE (IU/ml) between 

pre- and post-training in control group (CON) (n=6). 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.22 The comparison of total Immunoglobulin E; Total IgE (IU/ml) between 

pre- and post-training in exercise group (EX) (n=6). 
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Figure 4.23 The comparison of total Immunoglobulin E; Total IgE (IU/ml) between 

pre- and post-training in exercise combined vitamin C supplementation group (EX + Vit. C) 
(n=7). 

 
Values of specific IgE were shown in Table 4.22 and Figure 4.24. There were no 

significant difference in specific IgE between pre- and post-test in all three groups; CON 
group, EX group and EX + Vit. C group. 

 
Table 4.22 The comparison of specific immunoglobulin E; specific IgE 

(D.pteronyssinus) (kUA/L) between pre- and post-training and among three groups of 
subjects: control group (CON), exercise group (EX) and exercise combined vitamin C 
supplementation group (EX + Vit. C). 
 

Group 
Specific IgE (kUA/L) 

t P-value 
Pre-test Post-test 

CON (n=6) 18.17 ± 16.43 17.94 ± 16.45 0.98 0.36 
EX (n=6) 30.85 ± 15.64 35.88 ± 17.04 -0.79 0.46 
EX + Vit. C (n=7) 24.58 ± 13.93 29.86 ± 16.07 -0.88 0.40 
Values are means ± SEM. 
 

Number of subjects 
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Figure 4.24 The comparison of specific immunoglobulin E; Specific IgE 
(D.pteronyssinus) (kUA/L) between pre- and post-training and among three groups of 
subjects: control group (CON), exercise group (EX) and exercise combined vitamin C 
supplementation group (EX + Vit. C). 

 
 

 

 

 

 

 

 
 
 
 
Figure 4.25 The comparison of specific immunoglobulin E; Specific IgE 

(D.pteronyssinus) (kUA/L) between pre- and post-training in control group (CON) (n=6). 
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Figure 4.26 The comparison of specific immunoglobulin E; Specific IgE 

(D.pteronyssinus) (kUA/L) between pre- and post-training in exercise group (EX) (n=6). 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.27 The comparison of specific immunoglobulin E; Specific IgE 

(D.pteronyssinus) (kUA/L) between pre- and post-training in exercise combined vitamin C 
supplementation group (EX + Vit. C) (n=7). 
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Values of MDA were shown in Table 4.23 and Figure 4.28. After 8 weeks of 
training, EX and EX + Vit. C groups had a significantly lower (p < 0.05) MDA when 
compared to pre-test. 

 
Table 4.23 The comparison of malondialdehyde; MDA (µmol/L) between pre- and 

post-training and among three groups of subjects: control group (CON), exercise group 
(EX) and exercise combined vitamin C supplementation group (EX + Vit. C). 

 

Group 
MDA (µmol/L) 

t P-value 
Pre-test Post-test 

CON (n=6) 0.36 ± 0.07 0.48 ± 0.13 -0.79 0.46 
EX (n=6) 0.60 ± 0.07 0.20 ± 0.01* 4.63 0.00 
EX + Vit. C (n=7) 0.57 ± 0.13 0.24 ± 0.05* 3.08 0.02 
Values are means ± SEM. 
*p < 0.05, significant different from pre-test. 
 
 

 

 

 

 

 

 

 

 

*p < 0.05, significant different from pre-test. 

Figure 4.28 The comparison of malondialdehyde; MDA (µmol/L) between pre- and 
post-training and among three groups of subjects: control group (CON), exercise group 
(EX) and exercise combined vitamin C supplementation group (EX + Vit. C). 
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Table 4.24 The comparison of percent difference of the blood chemical variables among in control group (CON), exercise group 
(EX) and exercise combined vitamin C supplementation group (EX + Vit. C). 

 

Variables 
CON (n=6) EX (n=6) EX + Vit. C (n=7) 

F P-value 
Pre-test Post-test %Diff Pre-test Post-test %Diff Pre-test Post-test %Diff 

WBC (cells/mm3) 7236.66 ± 557.03 6983.33 ± 374.47 -3.50 6230.00 ± 375.54 7085.00 ± 480.24 13.72 5980.00 ± 557.31 5541.42 ± 347.21 -7.33 2.08 0.15 

RBC (mcells/mm3) 5.42 ± 0.29 5.40 ± 0.34 -0.37 4.65 ± 0.23 4.71 ± 0.30 1.29 4.63 ±0.23 4.76 ± 0.17 2.81 0.71 0.50 

Hemoglobin (g/dl)  14.76 ± 0.53 14.71 ± 0.65 -0.34 13.43 ± 0.51 13.65 ± 0.61 1.64 13.81 ± 0.53 14.04 ± 0.49 1.67 0.32 0.73 

Hematocrit (%) 46.16 ± 1.99 43.16 ± 1.60 -6.50 40.33 ± 1.90 40.50 ± 1.97 0.42 41.42 ± 1.71 41.85 ± 1.47 1.04 2.41 0.12 

Cholesterol (mg/dl) 194.66 ± 14.41 192.83 ± 14.06 -0.94 187.00 ± 2.48 194.16 ± 10.22 3.83 186.71 ± 6.23 193.42 ± 5.85 3.59 0.42 0.66 

Triglyceride (mg/dl) 84.50 ± 21.36 81.16 ± 17.23 -3.95 78.66 ± 9.68 81.16 ± 7.30 3.18 64.71 ± 11.61 71.42 ± 10.56 10.37 0.53 0.59 

HDL-C (mg/dl) 65.66 ± 6.86 56.16 ± 6.79 -14.47 62.00 ± 5.54 58.16 ± 4.27 -6.19 70.85 ± 5.06 68.85 ± 5.44 -2.82 2.32 0.13 

LDL-C (mg/dl) 114.50 ± 13.22 123.33 ± 12.79 7.71 112.50 ± 4.35 120.33 ± 7.73 6.96 104.28 ± 5.47 116.14 ± 6.38 11.37 0.13 0.87 

Total IgE (IU/ml) 323.16 ± 115.75 328.33 ± 110.54 1.60¥ 374.00 ± 154.45 363.33 ± 129.10 -2.85¥ 336.28 ± 126.36 262.42 ± 82.59* -21.96 4.47 0.03 

Specific IgE (kUA/L) 18.17 ± 16.43 17.94 ± 16.45 -1.27 30.85 ± 15.64 35.88 ± 17.04 16.30 24.58 ± 13.93 29.86 ± 16.07 21.48 0.39 0.68 

MDA (µmol/L) 0.36 ± 0.07 0.48 ± 0.13 33.33 0.60 ± 0.07 0.20 ± 0.01* -66.67† 0.57 ± 0.13 0.24 ± 0.05* -57.89† 7.72 0.00 

Values are means ± SEM. 
* p < 0.05, significant difference from pre-test in same group.  †p < 0.05, significant difference from CON group.  ¥p < 0.05, significant difference from EX + Vit. C group. 
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The percent difference of the blood chemical variables of control group (CON), 
exercise group (EX) and exercise combined vitamin C supplementation group (EX + Vit. 
C) are shown in Table 4.24. The data demonstrate that the percent difference of total 
IgE in EX + Vit. C group was significantly lower than both CON and EX group (p < 0.05) 
and the percent difference of MDA in both EX and EX + Vit. C groups were significantly 
lower than CON group (p < 0.05). However, there are no significant difference (p>0.05) 
in the percent difference of WBC, RBC, Hemoglobin, Hematocrit, Cholesterol, 
Triglyceride, HDL-C, LDL-C and specific IgE when compared among in CON group, EX 
group and EX + Vit. C group. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 98 

0

20

40

60

80

100

120

140

CON EX EX + Vit. C

In
te

rle
uk

in-
2 

(p
g/

ml
)

Pre-test

Post-test

Part 3 The comparison of cytokine levels in nasal secretion between pre- and 
post-training and among three groups of subjects: control group (CON), exercise group 
(EX) and exercise combined vitamin C supplementation group (EX + Vit. C). 

 

Values of interleukin-2 were shown in Table 4.25 and Figure 4.29. There were no 
significant difference in interleukin-2 between pre- and post-test in all three groups; 
CON group, EX group and EX + Vit. C group. 

 

Table 4.25 The comparison of interleukin-2 (pg/ml) between pre- and post-training 
in three groups of subjects: control group (CON), exercise group (EX) and exercise 
combined vitamin C supplementation group (EX + Vit. C). 

 

Group 
Interleukin-2 (pg/ml) 

t P-value 
Pre-test Post-test 

CON (n=6) 81.28 ± 24.60 78.03 ± 27.35 0.24 0.82 
EX (n=6) 82.65 ± 18.84 89.81 ± 21.07 -0.48 0.64 
EX + Vit. C (n=7) 89.86 ± 14.18 112.33 ± 6.30 -1.73 0.13 
Values are means ± SEM.  

 
 

 
 

 

 

 

 

 

 

 

 
 

Figure 4.29 The comparison of interleukin-2 (pg/ml) between pre- and post-
training in three groups of subjects: control group (CON), exercise group (EX) and exercise 
combined vitamin C supplementation group (EX + Vit. C). 
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Table 4.26 The comparison of percent difference of interleukin-2 after 5 minutes nasal challenge by house dust mite (D.pteronyssinus) between 
pre- and post-training in three groups of subjects: control group (CON), exercise group (EX) and exercise combined vitamin C supplementation group 
(EX + Vit. C). 

 

Group 

Interleukin-2 (pg/ml) %Diff 

Pre-test Post-test 
t 

P-

value Baseline 
After 

challenge 
t P-value %Diff Baseline 

After 
challenge 

t P-value %Diff 

CON (n=6) 81.28 ± 24.60 98.70 ± 19.04 -1.06 0.33 21.43 78.03 ± 27.35 74.80 ± 30.08 0.21 0.83 -4.14 0.28 0.78 

EX (n=6) 82.65 ± 18.84 96.98 ± 20.46 -0.54 0.60 17.34 89.81 ± 21.07 131.70 ± 19.61* -5.79 0.00 46.64 -0.31 0.76 

EX + Vit. C (n=7) 89.86 ± 14.18 111.33 ± 21.25 0.71 0.05 23.89 112.33 ± 6.30 144.61 ± 20.48 -1.71 0.13 28.74 -0.26 0.79 

Values are means ± SEM. 
* p < 0.05, significant difference from baseline. 
Values of interleukin-2 after nasal challenge were shown in Table 4.26 and Figure 4.30, 4.31 and 4.32. After nasal challenge in post-test, 

interleukin-2 in EX group was significantly higher (p < 0.05) than baseline. 
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Figure 4.30 The comparison of interleukin-2 after 5 minutes nasal challenge by 

house dust mite (D.pteronyssinus) between pre- and post-training in control group (CON). 
 
 
 
 
 
 
 

 
 

 
 
 
 
 

* p < 0.05, significant difference from baseline. 

 
Figure 4.31 The comparison of interleukin-2 after 5 minutes nasal challenge by 

house dust mite (D.pteronyssinus) between pre- and post-training in exercise group (EX). 
 

* 

0
20
40
60
80

100
120
140
160

Pre-test Post-test

In
te

rlu
ek

in-
2 

(p
g/

ml
)

Baseline

After nasal challenge



 101 

0

50

100

150

200

Pre-test Post-test

In
te

rlu
ek

in-
2 

(p
g/

ml
)

Baseline

After nasal challenge

 
 
 
 
 
 

 
 
 
 
 

 
Figure 4.32 The comparison of interleukin-2 after 5 minutes nasal challenge by 

house dust mite (D.pteronyssinus) between pre- and post-training in exercise combined 
vitamin C supplementation group (EX + Vit. C). 
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Values of interleukin-4 were shown in Table 4.27 and Figure 4.33. After 8 weeks of 
training, EX and EX + Vit. C groups had a significantly lower (p < 0.05) interleukin-4 
when compared to pre-test. 

 
Table 4.27 The comparison of interleukin-4 (pg/ml) between pre- and post-training 

in three groups of subjects: control group (CON), exercise group (EX) and exercise 
combined vitamin C supplementation group (EX + Vit. C). 

 

Group 
Interleukin-4 (pg/ml) 

t P-value 
Pre-test Post-test 

CON (n=6) 25.52 ± 7.28 42.51 ± 11.96 -2.16 0.08 
EX (n=6) 29.24 ± 2.27 12.78 ± 1.04* 8.26 0.00 
EX + Vit. C (n=7) 32.74 ± 4.33 19.99 ± 2.97* 3.88 0.00 
Values are means ± SEM.  
*p < 0.05, significant different from pre-test.  

 
  

 

 

 

 

 

 

 

 
*p < 0.05, significant different from pre-test. 

 
Figure 4.33 The comparison of interleukin-4 (pg/ml) between pre- and post-

training in three groups of subjects: control group (CON), exercise group (EX) and exercise 
combined vitamin C supplementation group (EX + Vit. C). 
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Table 4.28 The comparison of percent difference of interleukin-4 after 5 minutes nasal challenge by house dust mite (D.pteronyssinus) between 
pre- and post-training in three groups of subjects: control group (CON), exercise group (EX) and exercise combined vitamin C supplementation group 
(EX + Vit. C). 

 

Group 

Interleukin-4 (pg/ml) %Diff 

Pre-test Post-test 
t 

P-

value Baseline 
After 

challenge 
t P-value %Diff Baseline 

After 
challenge 

t P-value %Diff 

CON (n=6) 25.52 ± 7.28 32.58 ± 9.24* -3.24 0.02 27.66 42.51 ± 11.96 54.84 ± 12.59* -3.56 0.01 29.00 -0.81 0.43 

EX (n=6) 29.24 ± 2.27 41.47 ± 3.40* -9.50 0.00 41.83 12.78 ± 1.04 16.01 ± 2.83† -1.62 0.16 25.27 1.17 0.26 

EX + Vit. C (n=7) 32.74 ± 4.33 52.68 ± 9.64* -2.56 0.04 60.90 19.99 ± 2.97 28.33 ± 9.06† -1.18 0.28 41.72 0.84 0.41 

Values are means ± SEM. 
* p < 0.05, significant difference from baseline.  † p < 0.05, significant difference from pre-test. 
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Values of interleukin-4 after nasal challenge were shown in Table 4.28 and Figure 
4.34, 4.35 and 4.36. After nasal challenge in pre-test, interleukin-4 in all three groups 
were significantly higher (p < 0.05) than baseline. After nasal challenge in post-test, 
interleukin-4 in CON group was significantly higher (p < 0.05) than baseline. Moreover, 
after nasal challenge in post-test, interleukin-4 in CON group was significantly higher (p < 
0.05) than pre-test. 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
*p < 0.05, significant different from baseline. 
 
Figure 4.34 The comparison of interleukin-4 after 5 minutes nasal challenge by 

house dust mite (D.pteronyssinus) between pre- and post-training in control group (CON). 
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* p < 0.05, significant difference from baseline.   

† p < 0.05, significant difference from pre-test. 
 

Figure 4.35 The comparison of interleukin-4 after 5 minutes nasal challenge by 
house dust mite (D.pteronyssinus) between pre- and post-training in exercise group (EX). 

 
 

 
 
 
 
 
 
 
 
 
* p < 0.05, significant difference from baseline.   

† p < 0.05, significant difference from pre-test. 
 
Figure 4.36 The comparison of interleukin-4 after 5 minutes nasal challenge by 

house dust mite (D.pteronyssinus) between pre- and post-training in exercise combined 
vitamin C supplementation group (EX + Vit. C). 
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Values of interleukin-13 were shown in Table 4.29 and Figure 4.37. There were no 
significant difference in interleukin-13 between pre- and post-test in all three groups; 
CON group, EX group and EX + Vit. C group. 

 
Table 4.29 The comparison of interleukin-13 (pg/ml) between pre- and post-

training in three groups of subjects: control group (CON), exercise group (EX) and exercise 
combined vitamin C supplementation group (EX + Vit. C). 
 

Group 
Interleukin-13 (pg/ml) 

t P-value 
Pre-test Post-test 

CON (n=6) 107.40 ± 10.55 131.72 ± 19.09 -1.34 0.23 
EX (n=6) 108.76 ± 7.78 97.24 ± 7.06 1.57 0.17 
EX + Vit. C (n=7) 107.41 ± 8.84 98.70 ± 9.05 1.32 0.23 
Values are means ± SEM. 

  
 

 

 

 

 

 

 

 

 

 

Figure 4.37 The comparison of interleukin-13 (pg/ml) between pre- and post-
training in three groups of subjects: control group (CON), exercise group (EX) and exercise 
combined vitamin C supplementation group (EX + Vit. C). 
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Table 4.30 The comparison of percent difference of interleukin-13 after 5 minutes nasal challenge by house dust mite (D.pteronyssinus) 
between pre- and post-training in three groups of subjects: control group (CON), exercise group (EX) and exercise combined vitamin C 
supplementation group (EX + Vit. C). 

 

Group 

Interleukin-13 (pg/ml) %Diff 

Pre-test Post-test 
t 

P-

value Baseline 
After 

challenge 
t P-value %Diff Baseline 

After 
challenge 

t P-value %Diff 

CON (n=6) 107.40 ± 10.55 130.79 ± 10.57* -2.99 0.03 21.78 131.72 ± 19.09 164.07 ± 26.88* -2.76 0.04 24.56 .07 0.94 

EX (n=6) 108.76 ± 7.78 134.87 ± 13.06 -1.73 0.14 24.01 97.24 ± 7.06 104.56 ± 7.76† -1.17 0.29 7.53 1.24 0.24 

EX + Vit. C (n=7) 107.41 ± 8.84 153.61 ± 25.74 -2.27 0.06 43.01 98.70 ± 9.05 110.28 ± 19.39† -0.57 0.58 11.73 1.07 0.30 

Values are means ± SEM. 
* p < 0.05, significant difference from baseline.  † p < 0.05, significant difference from pre-test. 
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Values of interleukin-13 after nasal challenge were shown in Table 4.30 and Figure 

4.38, 4.39 and 4.40.  After nasal challenge, interleukin-13 in CON group were significantly 
higher (p < 0.05) than baseline in both pre and post-test. Moreover, after nasal challenge 
in post-test, interleukin-13 in both EX and EX + Vit. C groups were significantly higher (p 
< 0.05) than pre-test.  

 
 
 
 
 
 
 
 
 
 
 
 
*p < 0.05, significant different from baseline. 
 
Figure 4.38 The comparison of interleukin-13 after 5 minutes nasal challenge by 

house dust mite (D.pteronyssinus) between pre- and post-training in control group (CON). 
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*p < 0.05, significant different from pre-test. 
 
Figure 4.39 The comparison of interleukin-13 after 5 minutes nasal challenge by 

house dust mite (D.pteronyssinus) between pre- and post-training in exercise group (EX). 
 
 
 
 
 
 
 
 
 
 
 

 
*p < 0.05, significant different from pre-test. 
 
Figure 4.40 The comparison of interleukin-13 after 5 minutes nasal challenge by 

house dust mite (D.pteronyssinus) between pre- and post-training in exercise combined 
vitamin C supplementation group (EX + Vit. C). 
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Table 4.31 The comparison of percent difference of cytokine levels in nasal secretion after 5 minutes nasal challenge by house dust mite 
(D.pteronyssinus) among three groups of subjects: control group (CON), exercise group (EX) and exercise combined vitamin C supplementation group 
(EX + Vit. C). 

 

Variables 
CON (n=6) EX (n=6) EX + Vit. C (n=7) 

F P-value 
Pre-test Post-test %Diff Pre-test Post-test %Diff Pre-test Post-test %Diff 

IL-2  Baseline 81.28 ± 24.60 78.03 ± 27.35 -4.00 82.65 ± 18.84 89.81 ± 21.07 8.66* 89.86 ± 14.18 112.33 ± 6.30 25.01* 3.56 .04 
 Challenge 98.70 ± 19.04 74.80 ± 30.08 -24.21 96.98 ± 20.46 131.70 ± 19.61 35.80* 111.33 ± 21.25 144.61 ± 20.48 29.89* 5.30 .01 
 %Diff 21.43 -4.14  17.33 46.64  23.89 28.74    
IL-4  Baseline 25.52 ± 7.28 42.51 ± 11.96 66.58 29.24 ± 2.27 12.78 ± 1.04 -56.29* 32.74 ± 4.33 19.99 ± 2.97 -38.94* 24.16 .00 
 Challenge 32.58 ± 9.24 54.84 ± 12.59 68.32 41.47 ± 3.40 16.01 ± 2.83 -61.39* 52.68 ± 9.64 28.33 ± 9.06 -46.22* 34.55 .00 
 %Diff 27.66 29.00  41.82 25.27  60.90 41.72    
IL-13  Baseline 107.40 ± 10.55 131.72 ± 19.09 22.64 108.76 ± 7.78 97.24 ± 7.06 -10.59 107.41 ± 8.84 98.70 ± 9.05 -8.11 2.80 .09 
 Challenge 130.79 ± 10.57 164.07 ± 26.88 25.45 134.87 ± 13.06 104.56 ± 7.76 -22.47* 153.61 ± 25.74 110.28 ± 19.39 -28.21* 5.38 .01 
 %Diff 21.77 24.55  24.01 7.53  43.01 11.73    

Values are means ± SEM. 
* p < 0.05, significant difference from pre-test in same group. †p < 0.05, significant difference from CON group. 
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The percent difference of the cytokine levels in nasal secretion after 5 minutes 
nasal challenge by house dust mite (D.pteronyssinus) of control group (CON), exercise 
group (EX) and exercise combined vitamin C supplementation group (EX + Vit. C) are 
shown in Table 4.31. The data demonstrate that the percent difference of interleukin-2 in 
baseline and after nasal challenge of the both in EX and EX + Vit. C groups were 
significantly (p < 0.05) higher than CON group. The percent difference of interleukin-4 in 
baseline and after nasal challenge of the both in EX and EX + Vit. C groups were 
significantly (p < 0.05) lower than CON group. Moreover, The percent difference of 
interleukin-13 after nasal challenge of the both in EX and EX + Vit. C groups were 
significantly (p < 0.05) lower than CON group.  
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Part 4 The comparison of rhinitis symptoms variables between pre- and post-
training and among three groups of subjects: control group (CON), exercise group (EX) 
and exercise combined vitamin C supplementation group (EX + Vit. C). 
 

Values of PNIF were shown in Table 4.32 and Figure 4.41. After 8 weeks of 
training, EX and EX + Vit. C groups had a significantly higher (p < 0.05) PNIF when 
compared to pre-test. 

 

Table 4.32 The comparison of peak nasal inspiratory flow; PNIF (liter/sec) 
between pre- and post-training and among three groups of subjects: control group (CON), 
exercise group (EX) and exercise combined vitamin C supplementation group (EX + Vit. C). 

 

Group 
PNIF  (liter/sec) 

t P-value 
Pre-test Post-test 

CON (n=6) 113.33 ± 11.45 116.66 ± 14.06 -0.67 0.53 
EX (n=6) 110.00 ± 14.14 125.00 ± 10.24* -2.35 0.04 
EX + Vit. C (n=7) 108.57 ± 13.70 124.28 ± 11.72* -2.42 0.03 
Values are means ± SEM. 
*p < 0.05, significant different from pre-test. 
 

 

 

 

 

 

 
 

 

*p < 0.05, significant different from pre-test. 

 
Figure 4.41 The comparison of peak nasal inspiratory flow; PNIF (liter/sec) 

between pre- and post-training and among three groups of subjects: control group (CON), 
exercise group (EX) and exercise combined vitamin C supplementation group (EX + Vit. C). 
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Table 4.33 The comparison of PNIF after nasal challenge by house dust mite (D.pteronyssinus) between pre- and post-training and among 
three groups of subjects: control group (CON), exercise group (EX) and exercise combined vitamin C supplementation group (EX + Vit. C). 

 

Group 

PNIF (liters/sec) 
Pre-test  Post-test 

baseline 
After 
5 min 

After 
15 min 

After 
30 min 

After 
45 min 

After 
60 min 

 baseline After 
5 min 

After 
15 min 

After 
30 min 

After 
45 min 

After 
60 min 

CON 113.33 ± 11.45 118.33 ± 2.49 83.33 ± 22.90 78.33 ± 18.69 68.33 ± 19.90 70.00 ± 21.29  116.66 ± 14.06 98.33 ± 27.97 86.66 ± 25.77 76.66 ± 26.66 70.00 ± 23.94 73.33 ± 24.44 

(% Diff)  (4.41) (-26.47) (-30.88) (-39.71) (-38.23)   (-15.71) (-25.72) (-34.29) (-40.00) (-37.14) 

EX 110.00 ± 14.14 108.33 ± 12.22 76.66 ± 18.01 56.66 ± 13.82 60.83 ± 15.83 60.00 ± 14.60  125.00 ± 10.24 101.66 ± 9.80 83.33 ± 14.52 70.00 ± 17.12 91.66 ± 12.75 96.66 ± 20.11* 

(% Diff)  (-1.52) (-30.31) (-48.49) (-44.70) (-45.45)   (-18.67) (-33.34) (-44.00) (-26.67) (-22.67) 

EX + Vit. C 108.57 ± 13.70 104.28 ± 8.41 78.57 ± 13.35 81.42 ± 10.33 87.14 ± 7.46 82.85 ± 11.69  124.28 ± 11.72 105.71 ± 10.20 101.42 ± 10.78 92.85 ± 9.68 94.28 ± 10.20 97.14 ± 9.18* 

(% Diff)  (-3.95) (-27.63) (-25.01) (-19.74) (-23.69)   (-14.94) (-18.39) (-25.29) (-24.14) (-21.84) 

Values are means ± SEM. 
* p < 0.05, significant difference from pre-test in same time.  

 
Values of peak nasal inspiratory flow (PNIF) after nasal challenge by house dust mite (D.pteronyssinus) were shown in Table 4.33 and Figure 

4.42, 4.43 and 4.44. The results showed that after nasal challenge 60 minutes, the EX and EX + Vit. C groups had a significantly higher (p < 0.05) 
PNIF when compared to pre-test. There were no significant difference in PNIF after nasal challenge 5, 15, 30, 45, 60 minutes among three groups; 
CON group, EX group and    EX + Vit. C group. 
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Figure 4.42 The comparison of PNIF after nasal challenge on 5, 15, 30, 45 and 

60 minutes between pre- and post-training in control group (CON). 
 
 
 
 
 
 
 
 
 
 
 
*p < 0.05, significant different from pre-test. 

 
Figure 4.43 The comparison of PNIF after nasal challenge on 5, 15, 30, 45 and 

60 minutes between pre- and post-training in the exercise group (EX). 
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*p < 0.05, significant different from pre-test. 

 
Figure 4.44 The comparison of PNIF after nasal challenge on 5, 15, 30, 45 and 

60 minutes between pre- and post-training in the exercise combined vitamin C 
supplementation group (EX + Vit. C). 
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Values of nasal blood flow were shown in Table 4.34 and Figure 4.45. There were 
no significant difference in nasal blood flow between pre- and post-test in all three 
groups; CON group, EX group and EX + Vit. C group. 

 
Table 4.34 The comparison of nasal blood flow (AU) between pre- and post-

training and among three groups of subjects: control group (CON), exercise group (EX) and 
exercise combined vitamin C supplementation group (EX + Vit. C). 

 

Group 
Nasal blood flow (AU) 

t P-value 
Pre-test Post-test 

CON (n=6) 45.16 ± 9.05 47.86 ± 5.82 -0.68 0.52 
EX (n=6) 47.46 ± 8.46 34.30 ± 3.31 2.42 0.06 
EX + Vit. C (n=7) 47.48 ± 7.22 37.08 ± 3.91 1.82 0.11 
Values are means ± SEM. 
 

 

 

 

 

 

 

 

 

 
Figure 4.45 The comparison of nasal blood flow (AU) between pre- and post-

training and among three groups of subjects: control group (CON), exercise group (EX) and 
exercise combined vitamin C supplementation group (EX + Vit. C). 
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Values of nasal blood flow (NBF) after nasal challenge by house dust mite 
(D.pteronyssinus) were shown in Table 4.35 and Figure 4.46, 4.47 and 4.48. The results 
showed that after nasal challenge 0 minutes, the EX and EX + Vit. C groups had a 
significantly lower (p < 0.05) NBF when compared to pre-test. 

There were no significant difference in NBF after nasal challenge 5, 15, 30, 45, 
60 minutes among three groups; CON group, EX group and EX + Vit. C group. 
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Table 4.35 The comparison of NBF after nasal challenge by house dust mite (D.pteronyssinus) between pre- and post-training and among 
three groups of subjects: control group (CON), exercise group (EX) and exercise combined vitamin C supplementation group (EX + Vit. C). 

 

Group 

NBF (AU) 
Pre-test  Post-test 

baseline 
After 
5 min 

After 
15 min 

After 
30 min 

After 
45 min 

After 
60 min 

 baseline After 
5 min 

After 
15 min 

After 
30 min 

After 
45 min 

After 
60 min 

CON 45.16 ± 9.05 58.31 ± 9.16 55.76 ± 8.38 50.31 ± 10.18 46.26 ± 4.99 42.38 ± 2.22  47.86 ± 5.82 62.50 ± 6.85 53.05 ± 7.21 53.05 ± 11.33 46.65 ± 9.89 44.90 ± 3.32 

(%Diff)  (29.12) (23.47) (11.40) (2.44) (-6.16)   (30.59) (10.84) (10.84) (-2.53) (-6.18) 

EX 47.46 ± 8.46 66.46 ± 11.56 63.98 ± 8.34 57.85 ± 6.36 61.40 ± 17.49 52.31 ± 10.36  34.30 ± 3.31 43.33 ± 6.87* 45.93 ± 6.18 44.23 ± 7.03 38.31 ± 9.61 35.58 ± 10.34 

(%Diff)  (40.03) (34.81) (21.89) (29.37) (10.22)   (26.33) (33.91) (28.95) (11.69) (3.73) 

EX + Vit. C 47.48 ± 7.22 61.42 ± 8.37 54.08 ± 9.08 53.40 ± 7.24 50.72 ± 7.02 45.57 ± 8.67  37.08 ± 3.91 43.91 ± 6.17* 41.18 ± 7.31 43.04 ± 8.44 37.52 ± 4.58 34.11 ± 5.69 

(%Diff)  (29.36) (13.90) (12.47) (6.82) (-4.02)   (18.42) (11.06) (16.07) (1.19) (-8.01) 

 
Values are means ± SEM. 
* p < 0.05, significant difference from pre-test in same time.  

 
 
 
 

 



 119 

0

20

40

60

80

Base
line 5 m

in
15 

min
30 

min
45 

min
60 

min

NB
F 

af
te

r n
as

al 
ch

all
en

ge

Pre-test

Post-test

 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.46 The comparison of NBF after nasal challenge on 5, 15, 30, 45 and 60 

minutes between pre- and post-training in the control group (CON). 
 
 
 
 
 
 
 
 
 
 
 
*p < 0.05, significant different from pre-test. 

 
Figure 4.47 The comparison of NBF after nasal challenge on 5, 15, 30, 45 and 60 

minutes between pre- and post-training in the exercise group (EX). 
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*p < 0.05, significant different from pre-test. 

 
Figure 4.48 The comparison of NBF after nasal challenge on 5, 15, 30, 45 and 60 

minutes between pre- and post-training in the exercise combined vitamin C 
supplementation group (EX + Vit. C). 
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Values of nasal congestion were shown in Table 4.36 and Figure 4.49. After 8 
weeks of training, EX and EX + Vit. C groups had a significantly lower (p < 0.05) nasal 
congestion when compared to pre-test. 

 
Table 4.36 The comparison of nasal congestion (level) between pre- and post-

training and among three groups of subjects: control group (CON), exercise group (EX) and 
exercise combined vitamin C supplementation group (EX + Vit. C). 

 

Group 
Nasal congestion (level) 

t P-value 
Pre-test Post-test 

CON (n=6) 2.16 ± 0.47 2.00 ± 0.25 0.41 0.69 
EX (n=6) 2.16 ± 0.16 1.33 ± 0.21* 2.71 0.04 
EX + Vit. C (n=7) 2.14 ± 0.26 1.14 ± 0.14* 3.24 0.01 
Values are means ± SEM. (0 = none, 1 = mild, 2 = moderate, 3 = severe) 
*p < 0.05, significant different from pre-test.  
 
 

 

 

 

 

 

 

 

 

*p < 0.05, significant different from pre-test. 

 
Figure 4.49 The comparison of nasal congestion (level) between pre- and post-

training and among three groups of subjects: control group (CON), exercise group (EX) and 
exercise combined vitamin C supplementation group (EX + Vit. C). 



 122 

0

0.5

1

1.5

2

2.5

3

3.5

CON EX EX + Vit. C 

Itc
hin

g 
(le

ve
l)

Pre-test

Post-test
* 

* 

Values of itching were shown in Table 4.37 and Figure 4.50. After 8 weeks of 
training, EX and EX + Vit. C groups had a significantly lower (p < 0.05) itching when 
compared to pre-test. 

 
Table 4.37 The comparison of itching (level) between pre- and post-training and 

among three groups of subjects: control group (CON), exercise group (EX) and exercise 
combined vitamin C supplementation group (EX + Vit. C). 
 

Group 
Itching (level) 

t P-value 
Pre-test Post-test 

CON (n=6) 2.66 ± 0.33 2.33 ± 0.33 1.58 0.17 
EX (n=6) 2.33 ± 0.33 1.33 ± 0.21* 2.73 0.04 
EX + Vit. C (n=7) 2.14 ± 0.26 0.71 ± 0.28* 3.87 0.00 
Values are means ± SEM. (0 = none, 1 = mild, 2 = moderate, 3 = severe) 
*p < 0.05, significant different from pre-test.  
 
 

 

 

 

 

 

 
 
 
*p < 0.05, significant different from pre-test. 

 
Figure 4.50 The comparison of itching (level) between pre- and post-training and 

among three groups of subjects: control group (CON), exercise group (EX) and exercise 
combined vitamin C supplementation group (EX + Vit. C). 
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Values of sneezing were shown in Table 4.38 and Figure 4.51. After 8 weeks of 
training, EX and EX + Vit. C groups had a significantly lower (p < 0.05) sneezing when 
compared to pre-test. 

 
Table 4.38 The comparison of sneezing (level) between pre- and post-training and 

among three groups of subjects: control group (CON), exercise group (EX) and exercise 
combined vitamin C supplementation group (EX + Vit. C). 

 

Group 
Sneezing (level) 

t P-value 
Pre-test Post-test 

CON (n=6) 2.00 ± 0.44 1.83 ± 0.30 0.54 0.61 
EX (n=6) 2.00 ± 0.25 1.16 ± 0.16* 5.00 0.00 
EX + Vit. C (n=7) 2.14 ± 0.26 0.85 ± 0.14* 3.57 0.01 
Values are means ± SEM. (0 = none, 1 = mild, 2 = moderate, 3 = severe) 
*p < 0.05, significant different from pre-test.  
 

 

 

 

 

 

 

 
 
 
*p < 0.05, significant different from pre-test. 

 
Figure 4.51 The comparison of sneezing (level) between pre- and post-training and 

among three groups of subjects: control group (CON), exercise group (EX) and exercise 
combined vitamin C supplementation group (EX + Vit. C). 
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Values of rhinorrhea were shown in Table 4.39 and Figure 4.52. After 8 weeks of 
training, EX and EX + Vit. C groups had a significantly lower (p < 0.05) rhinorrhea when 
compared to pre-test. 

 
Table 4.39 The comparison of rhinorrhea (level) between pre- and post-training 

and among three groups of subjects: control group (CON), exercise group (EX) and 
exercise combined vitamin C supplementation group (EX + Vit. C). 
 

Group 
Rhinorrhea (level) 

t P-value 
Pre-test Post-test 

CON (n=6) 2.16 ± 0.30 1.83 ± 0.40 1.58 0.17 
EX (n=6) 2.33 ± 0.21 1.33 ± 0.21* 2.73 0.04 
EX + Vit. C (n=7) 2.14 ± 0.26 1.00 ± 0.21* 2.82 0.03 
Values are means ± SEM. (0 = none, 1 = mild, 2 = moderate, 3 = severe) 
*p < 0.05, significant different from pre-test.  
 
 

 

 

 

 

 

 

 

 

*p < 0.05, significant different from pre-test. 

 
Figure 4.52 The comparison of rhinorrhea (level) between pre- and post-training 

and among three groups of subjects: control group (CON), exercise group (EX) and 
exercise combined vitamin C supplementation group (EX + Vit. C). 
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Values of total rhinitis symptoms were shown in Table 4.40 and Figure 4.53. After 
8 weeks of training, EX and EX + Vit. C groups had a significantly lower (p < 0.05) total 
rhinitis symptoms when compared to pre-test. 

 
Table 4.40 The comparison of total rhinitis symptoms (level) between pre- and 

post-training and among three groups of subjects: control group (CON), exercise group 
(EX) and exercise combined vitamin C supplementation group (EX + Vit. C). 
 

Group 
Total rhinitis symptoms (level) 

t P-value 
Pre-test Post-test 

CON (n=6) 9.00 ± 1.46 8.00 ± 0.93 1.36 0.22 
EX (n=6) 8.83 ± 0.54 5.16 ± 0.40* 6.57 0.00 
EX + Vit. C (n=7) 8.71 ± 0.91 3.71 ± 0.60* 3.98 0.00 
Values are means ± SEM. (0 = none, 1 = mild, 2 = moderate, 3 = severe) 
*p < 0.05, significant different from pre-test.  
 
 

 

 

 

 

 

 

 

 

*p < 0.05, significant different from pre-test. 

 
Figure 4.53 The comparison of total rhinitis symptoms (level) between pre- and 

post-training and among three groups of subjects: control group (CON), exercise group 
(EX) and exercise combined vitamin C supplementation group (EX + Vit. C). 
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Table 4.41 The comparison of percent difference of the rhinitis symptoms variables among in control group (CON), exercise group (EX) 
and exercise combined vitamin C supplementation group (EX + Vit. C). 

 

Variables 
CON (n=6) EX (n=6) EX + Vit. C (n=7) 

F 
P-

value Pre-test Post-test %Diff Pre-test Post-test %Diff Pre-test Post-test %Diff 
PNIF (liters/sec) 113.33 ± 11.45 116.66 ± 14.06 2.94 110.00 ± 14.14 125.00 ± 10.24* 13.64† 108.57 ± 13.70 124.28 ± 11.72* 14.47† 3.78 0.04 
Nasal blood flow (AU) 45.16 ± 9.05 47.86 ± 5.82 5.98 47.46 ± 8.46 34.30 ± 3.31 -27.73† 47.48 ± 7.22 37.08 ± 3.91 -21.90† 4.18 0.03 
The level of rhinitis symptoms 
Nasal congestion  2.16 ± 0.47 2.00 ± 0.25 -7.41 2.16 ± 0.16 1.33 ± 0.21* -38.43 2.14 ± 0.26 1.14 ± 0.14* -46.73 2.09 0.15 
Itching  2.66 ± 0.33 2.33 ± 0.33 -12.41 2.33 ± 0.33 1.33 ± 0.21* -42.92 2.14 ± 0.26 0.71 ± 0.28* -66.82† 4.33 0.03 
Sneezing  2.00 ± 0.44 1.83 ± 0.30 -8.50 2.00 ± 0.25 1.16 ± 0.16* -42.00 2.14 ± 0.26 0.85 ± 0.14* -60.28 2.27 0.13 
Rhinorrhea  2.16 ± 0.30 1.83 ± 0.40 -15.28 2.33 ± 0.21 1.33 ± 0.21* -42.92 2.14 ± 0.26 1.00 ± 0.21* -53.27 1.43 0.26 
Total rhinitis symptoms  9.00 ± 1.46 8.00 ± 0.93 -11.11 8.83 ± 0.54 5.16 ± 0.40* -41.56† 8.71 ± 0.91 3.71 ± 0.60* -57.41† 5.69 0.01 

Values are means ± SEM. 
* p < 0.05, significant difference from pre-test in same group.  †p < 0.05, significant difference from CON group. 
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The percent difference of the rhinitis symptoms variables of control group 
(CON), exercise group (EX) and exercise combined vitamin C supplementation group 
(EX + Vit. C) are shown in Table 4.41. The data demonstrate that the percent difference 
of peak nasal inspiratory flow, nasal blood flow, total rhinitis symptom (level), itching 
(score), sneezing (score), and total rhinitis symptom (score) of the both in EX and EX + 
Vit. C groups were significantly (p < 0.05) lower than CON group. Furthermore, the 
percent difference of itching (level) and nasal congestion (score) of the EX + Vit. C 
group were significantly (p < 0.05) lower than CON group. 
 

Values of nasal congestion after nasal challenge by house dust mite 
(D.pteronyssinus) were shown in Table 4.42 and Figure 4.54, 4.55 and 4.56. The results 
showed that after nasal challenge 30 and 45 minutes, the EX and EX + Vit. C groups 
had a significantly lower (p < 0.05) nasal congestion when compared to pre-test. 

There were no significant difference in nasal congestion after nasal challenge 5, 
15, 30, 45, 60 minutes among three groups; CON group, EX group and EX + Vit. C 
group. 
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Table 4.42 The comparison of nasal congestion after nasal challenge by house dust mite (D.pteronyssinus) between pre- and post-training and 
among three groups of subjects: control group (CON), exercise group (EX) and exercise combined vitamin C supplementation group (EX + Vit. C). 

 

Group 

Nasal congestion (Level) 
Pre-test  Post-test 

baseline 
After 
5 min 

After 
15 min 

After 
30 min 

After 
45 min 

After 
60 min 

 baseline After 
5 min 

After 
15 min 

After 
30 min 

After 
45 min 

After 
60 min 

CON 0.50 ± 0.22 0.83 ± 0.30 2.16 ± 0.30 2.00 ± 0.44 1.83 ± 0.47 1.50 ± 0.56  0.66 ± 0.33 1.83 ± 0.54 2.16 ± 0.30 2.16 ± 0.30 2.00 ± 0.36 1.66 ± 0.42 

(%Diff)  (66.00) (332.00) (300.00) (266.00) (200.00)   (177.27) (227.27) (227.27) (203.03) (151.52) 

EX 0.33 ± 0.21 0.83 ± 0.54 2.00 ± 0.51 2.50 ± 0.34 1.66 ± 0.49 1.66 ± 0.49  0.33 ± 0.21 1.00 ± 0.25 1.16 ± 0.30* 1.33 ± 0.49* 0.83 ± 0.47 0.83 ± 0.47 

(%Diff)  (151.52) (506.06) (657.58) (403.03) (403.03)   (203.03) (251.52) (303.03) (151.52) (151.52) 

EX + Vit. C 0.42 ± 0.20 1.42 ± 0.48 2.14± 0.26 2.28± 0.28 1.57 ± 0.36 1.42 ± 0.36  0.28 ± 0.18 1.28 ± 0.42 1.00 ± 0.30* 1.14 ± 0.34* 1.14 ± 0.26 1.00 ± 0.21 

(%Diff)  (238.10) (409.52) (442.86) (273.81) (238.10)   (357.14) (257.14) (307.14) (307.14) (247.17) 

Values are means ± SEM. 
* p < 0.05, significant difference from pre-test in same time.  
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Figure 4.54 The comparison of nasal congestion after nasal challenge on 5, 15, 

30, 45 and 60 minutes between pre- and post-training in the control group (CON). 
 
 
 
 
 
 
 
 
 
 
 
*p < 0.05, significant different from pre-test. 
 
Figure 4.55 The comparison of nasal congestion after nasal challenge on 5, 15, 

30, 45 and 60 minutes between pre- and post-training in the exercise group (EX). 
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*p < 0.05, significant different from pre-test. 
 
Figure 4.56 The comparison of nasal congestion after nasal challenge on 5, 15, 

30, 45 and 60 minutes between pre- and post-training in the exercise combined vitamin 
C group (EX + Vit. C). 
 

Values of itching after nasal challenge by house dust mite (D.pteronyssinus) 
were shown in Table 4.43 and Figure 4.57, 4.58 and 4.59. The results showed that after 
nasal challenge 15 and 30 minutes, the EX and EX + Vit. C groups had a significantly 
lower (p < 0.05) itching when compared to pre-test. Moreover, after nasal challenge 45 
minutes the EX group had a significantly lower (p < 0.05) itching when compared to pre-
test. 

There were no significant difference in itching after nasal challenge 5, 15, 30, 
45, 60 minutes among three groups; CON group, EX group and EX + Vit. C group. 
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Table 4.43 The comparison of itching after nasal challenge by house dust mite (D.pteronyssinus) between pre- and post-training and among 
three groups of subjects: control group (CON), exercise group (EX) and exercise combined vitamin C supplementation group (EX + Vit. C). 

 

Group 

Itching (Level) 
Pre-test  Post-test 

baseline 
After 
5 min 

After 
15 min 

After 
30 min 

After 
45 min 

After 
60 min 

 baseline After 
5 min 

After 
15 min 

After 
30 min 

After 
45 min 

After 
60 min 

CON 0.66 ± 0.21 1.00 ± 0.36 1.50 ± 0.42 1.33 ± 0.42 1.16 ± 0.47 1.00 ± 0.36  0.50 ± 0.22 2.16 ± 0.47 1.66 ± 0.42 1.16 ± 0.30 1.00 ± 0.25 0.83 ± 0.30 

(%Diff)  (51.52) (127.27) (101.52) (75.76) (51.52)   (332.00) (232.00) (132.00) (100.00) (66.00) 

EX 0.50 ± 0.22 2.16 ± 0.40 2.66 ± 0.33 2.33 ± 0.42 1.33 ± 0.21 1.16 ± 0.30  0.33 ± 0.21 1.00 ± 0.36 1.00 ± 0.25* 0.33 ± 0.21* 0.16 ± 0.16* 0.16 ± 0.16 

(%Diff)  (332.00) (432.00) (366.00) (166.00) (132.00)   (203.03) (203.03) (0.00) (-51.52) (-51.52) 

EX + Vit. C 0.42 ± 0.20 1.71 ± 0.52 1.85 ± 0.40 1.71 ± 0.47 1.14 ± 0.40 0.85 ± 0.26  0.28 ± 0.18 1.71 ± 0.52 1.14 ± 0.26* 0.71 ± 0.18* 0.71 ± 0.18 0.71 ± 0.18 

(%Diff)  (307.14) (340.48) (307.14) (171.43) (102.38)   (510.71) (307.14) (153.57) (153.57) (153.57) 

Values are means ± SEM. 
* p < 0.05, significant difference from pre-test in same time.  
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Figure 4.57 The comparison of itching after nasal challenge on 5, 15, 30, 45 and 

60 minutes between pre- and post-training in the control group (CON). 
 
 
 
 
 
 
 
 
 
 
 
 
*p < 0.05, significant different from pre-test. 

 
Figure 4.58 The comparison of itching after nasal challenge on 5, 15, 30, 45 and 

60 minutes between pre- and post-training in the exercise group (EX). 
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*p < 0.05, significant different from pre-test. 

 
Figure 4.59 The comparison of itching after nasal challenge on 5, 15, 30, 45 and 

60 minutes between pre- and post-training in the exercise combined vitamin C group  
(EX + Vit. C). 

 
Values of sneezing after nasal challenge by house dust mite (D.pteronyssinus) 

were shown in Table 4.44 and Figure 4.60, 4.61 and 4.62. There were no significant 
difference in sneezing after nasal challenge 5, 15, 30, 45, 60 minutes when compared 
between pre- and post-test. 

There were no significant difference in sneezing after nasal challenge 5, 15, 30, 
45, 60 minutes among three groups; CON group, EX group and EX + Vit. C group. 
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Table 4.44 The comparison of sneezing after nasal challenge by house dust mite (D.pteronyssinus) between pre- and post-training and among 
three groups of subjects: control group (CON), exercise group (EX) and exercise combined vitamin C supplementation group (EX + Vit. C). 

 

Group 

sneezing (Level) 
Pre-test  Post-test 

baseline 
After 
5 min 

After 
15 min 

After 
30 min 

After 
45 min 

After 
60 min 

 baseline After 
5 min 

After 
15 min 

After 
30 min 

After 
45 min 

After 
60 min 

CON 0.33 ± 0.21 0.33 ± 0.33 1.16 ± 0.40 0.50 ± 0.34 0.33 ± 0.21 0.16 ± 0.16  0.33 ± 0.21 1.50 ± 0.67 0.83 ± 0.30 0.16 ± 0.16 0.16 ± 0.16 0.16 ± 0.16 

(%Diff)  (0.00) (251.52) (51.52) (0.00) (-51.52)   (354.55) (151.52) (-51.52) (-51.52) (-51.52) 

EX 0.16 ± 0.16 0.83 ± 0.47 1.16 ± 0.60 0.50 ± 0.34 0.16 ± 0.16 0.16 ± 0.16  0.16 ± 0.16 1.00 ± 0.44 0.33 ± 0.21 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 

(%Diff)  (418.75) (625.00) (212.50) (0.00) (0.00)   (525) (106.25) (-100) (-100) (-100) 

EX + Vit. C 0.28 ± 0.18 1.57 ± 0.57 0.71 ± 0.47 0.28 ± 0.18 0.14 ± 0.14 0.00 ± 0.00  0.14 ± 0.14 1.00 ± 0.48 0.28 ± 0.18 0.28 ± 0.18 0.14 ± 0.14 0.00 ± 0.00 

(%Diff)  (406.71) (153.57) (0.00) (-50.00) (-100.00)   (614.29) (100.00) (100.00) (0.00) (-100.00) 

Values are means ± SEM. 
* p < 0.05, significant difference from pre-test in same time.  
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Figure 4.60 The comparison of sneezing after nasal challenge on 5, 15, 30, 45 

and 60 minutes between pre- and post-training in the control group (CON). 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.61 The comparison of sneezing after nasal challenge on 5, 15, 30, 45 

and 60 minutes between pre- and post-training in the exercise group (EX). 
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Figure 4.62 The comparison of sneezing after nasal challenge on 0, 15, 30, 45 

and 60 minutes between pre- and post-training in the exercise combined vitamin C group 
(EX + Vit. C). 

 
Values of rhinorrhea after nasal challenge by house dust mite (D.pteronyssinus) 

were shown in Table 4.45 and Figure 4.63, 4.64 and 4.65. The results showed that after 
nasal challenge 30 and 45 minutes, the EX and EX + Vit. C groups had a significantly 
lower (p < 0.05) rhinorrhea when compared to pre-test. Moreover, after nasal challenge 
15 minutes the EX + Vit. C group had a significantly lower (p < 0.05) rhinorrhea when 
compared to pre-test. 

There were no significant difference in rhinorrhea after nasal challenge 5, 15, 30, 
45, 60 minutes among three groups; CON group, EX group and EX + Vit. C group. 
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Table 4.45 The comparison of rhinorrhea after nasal challenge by house dust mite (D.pteronyssinus) between pre- and post-training and among 
three groups of subjects: control group (CON), exercise group (EX) and exercise combined vitamin C supplementation group (EX + Vit. C). 

 

Group 

Rhinorrhea (Level) 
Pre-test  Post-test 

baseline 
After 
5 min 

After 
15 min 

After 
30 min 

After 
45 min 

After 
60 min 

 baseline After 
5 min 

After 
15 min 

After 
30 min 

After 
45 min 

After 
60 min 

CON 0.33 ± 0.21 0.66 ± 0.21 2.16 ± 0.40 1.66 ± 0.55 1.16 ± 0.47 1.00 ± 0.51  0.33 ± 0.21 1.83 ± 0.30* 2.33 ± 0.33 1.33 ± 0.49 1.00 ± .44 1.00 ± 0.44 

(%Diff)  (100.00) (554.55) (403.03) (251.52) (203.03)   (454.55) (606.06) (303.03) (203.03) (203.03) 

EX 0.50 ± 0.22 1.83 ± 0.47 2.66 ± 0.21 2.33 ± 0.49 1.50 ± 0.42 0.83 ± 0.30  0.33 ± 0.21 1.83 ± 0.30 2.00 ± 0.25 0.66 ± 0.21* 0.16 ± 0.16* 0.16 ± 0.16 

(%Diff)  (266.00) (432.00) (366.00) (200.00) (66.00)   (454.55) (506.06) (100.00) (-51.52) (-51.52) 

EX + Vit. C 0.42 ± 0.20 1.85 ± 0.50 2.28 ± 0.42 1.71 ± 0.47 0.85 ± 0.26 0.57 ± 0.29  0.28 ± 0.18 1.14 ± 0.50 1.28 ± 0.47* 0.42 ± 0.20* 0.14 ± 0.14* 0.14 ± 0.14 

(%Diff)  (340.48) (442.86) (307.14) (102.38) (35.71)   (307.14) (357.14) (50.00) (-50.00) (-50.00) 

Values are means ± SEM. 
* p < 0.05, significant difference from pre-test in same time.  
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*p < 0.05, significant different from pre-test. 
 
Figure 4.63 The comparison of rhinorrhea after nasal challenge on 5, 15, 30, 45 

and 60 minutes between pre- and post-training in the control group (CON). 
 
 
 
 
 
 
 
 
 
 
 
 
*p < 0.05, significant different from pre-test. 

 
Figure 4.64 The comparison of rhinorrhea after nasal challenge on 5, 15, 30, 45 

and 60 minutes between pre- and post-training in the exercise group (EX). 
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*p < 0.05, significant different from pre-test. 

 
Figure 4.65 The comparison of rhinorrhea after nasal challenge on 5, 15, 30, 45 

and 60 minutes between pre- and post-training in the exercise combined vitamin C group 
(EX + Vit. C). 

 
Values of total rhinitis symptoms after nasal challenge by house dust mite 

(D.pteronyssinus) were shown in Table 4.46 and Figure 4.66, 4.67 and 4.68. The results 
showed that after nasal challenge 15, 30, 45 and 60 minutes, the EX and EX + Vit. C 
groups had a significantly lower (p < 0.05) total rhinitis symptoms when compared to 
pre-test. Moreover, after nasal challenge 0 minutes the CON group had a significantly 
higher (p < 0.05) total rhinitis symptoms when compared to pre-test. 

There were no significant difference in total rhinitis symptoms after nasal 
challenge 5, 15, 30, 45, 60 minutes among three groups; CON group, EX group and EX 
+ Vit. C group. 
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Table 4.46 The comparison of total rhinitis symptoms after nasal challenge by house dust mite (D.pteronyssinus) between pre- and post-training 
and among three groups of subjects: control group (CON), exercise group (EX) and exercise combined vitamin C supplementation group (EX + Vit. C). 

 

Group 

Total rhinitis symptoms 
Pre-test  Pre-test 

baseline 
After 
5 min 

After 
15 min 

After 
30 min 

After 
45 min 

After 
60 min 

 baseline After 
5 min 

After 
15 min 

After 
30 min 

After 
45 min 

After 
60 min 

CON 1.83 ± 0.47 2.83 ± 0.79 7.00 ± 0.93 5.50 ± 1.11 4.50 ± 0.71 3.66 ± 1.05  1.83 ± 0.70 7.33 ± 1.25* 7.00 ± 0.85 4.83 ± 0.70 4.16 ± 0.60 3.66 ± 0.80 

(%Diff)  (54.64) (282.51) (200.55) (145.90) (100.00)   (300.55) (300.55) (163.93) (127.32) (100.00) 

EX 1.50 ± 0.61 5.66 ± 1.56 8.50 ± 1.14 7.66 ± 1.08 4.66 ± 0.61 3.83 ± 0.79  1.00 ± 0.63 4.83 ± 1.07 4.50 ± 0.50* 2.33 ± 0.42* 1.16 ± 0.60* 1.16 ± 0.60* 

(%Diff)  (277.33) (466.67) (410.67) (210.67) (155.33)   (383.00) (350.00) (133.00) (16.00) (16.00) 

EX + Vit. C 1.57 ± 0.68 6.57 ± 1.77 7.00 ± 1.00 6.00 ± 0.87 3.71 ± 0.74 3.00 ± 0.69  1.00 ± 0.53 5.14 ± 1.60 3.71 ± 0.94* 2.57 ± 0.61* 2.00 ± 0.37* 1.85 ± 0.45* 

(%Diff)  (318.47) (345.86) (282.17) (136.31) (91.08)   (414.00) (271.00) (157.00) (100.00) (85.00) 

Values are means ± SEM. 
* p < 0.05, significant difference from pre-test in same time. 
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*p < 0.05, significant different from pre-test. 
 
Figure 4.66 The comparison of total rhinitis symptoms after nasal challenge on 5, 

15, 30, 45 and 60 minutes between pre- and post-training in the control group (CON). 
 
 
 
 
 
 
 
 
 
 
 
 
 
*p < 0.05, significant different from pre-test. 
 
Figure 4.67 The comparison of total rhinitis symptoms after nasal challenge on 5, 

15, 30, 45 and 60 minutes between pre- and post-training in the exercise group (EX). 
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*p < 0.05, significant different from pre-test. 
 
Figure 4.68 The comparison of total rhinitis symptoms after nasal challenge on 5, 

15, 30, 45 and 60 minutes between pre- and post-training in the exercise combined 
vitamin C group (EX + Vit. C). 
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CHAPTER V 
DISCUSSION AND CONCLUSION 

 
  In the present study, the experiments were conducted to investigate the 
effects of exercise training alone and exercise training combined with vitamin C 
supplementation on cytokines and symptoms in allergic rhinitis patients. The results 
demonstrated that resting heart rate in the both EX and EX + Vit. C groups were 
significantly decreased (p<.05) but Vo2max were significantly increased and higher than 
the CON group (p<.05). Total immunoglobulin E (IgE) level in the EX + Vit. C group was 
significantly lower than the both CON and EX groups (p < 0.05). However, there were no 
significant difference in specific IgE (D. pteronyssinus) between pre and post-test and 
among all groups of subjects. Additionally, malondialdehyde (MDA) levels of the both 
EX and EX + Vit. C groups were significantly lower than pre-test and the CON group (p 
< 0.05). In part of cytokines levels, the both EX and EX + Vit. C groups had significantly 
decreased interleukin (IL)-4 levels. Moreover, the percent difference of IL-2 was 
significantly higher than the CON group (p < 0.05) and the percent difference of IL-4 
was significantly lower than the CON group (p < 0.05). After nasal challenge by house 
dust mite (D.pteronyssinus), the percent difference of IL-4 and IL-13 in the both EX and 
EX + Vit. C groups were significantly lower than the CON group (p < 0.05), but the 
percent difference of IL-2 in the both EX and EX + Vit. C groups was significantly higher 
than the CON group (p < 0.05). For objective rhinitis symptoms, the percent difference 
of peak nasal inspiratory flow (PNIF) were significantly higher while those of nasal blood 
flow were significantly lower in the both EX and EX + Vit. C groups when compared to 
the CON group (p < 0.05). Moreover, the both EX and EX + Vit. C groups had a 
significantly higher PNIF after nasal challenge 60 minutes when compared to pre-test  (p 
< 0.05). For subjective rhinitis symptoms, the total rhinitis symptoms score of 
congestion, itching, sneezing and rhinorrhea at baseline and following nasal challenge 
were significantly decreased in both EX and EX + Vit. C groups (p<.05). Discussion is 
expressed in relation to the results as mentioned earlier are as followed: 
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Physiological characteristics  
 
  The principal findings of physiological characteristics showed that the 
both EX and EX + Vit. C groups had decreased in resting heart rate and increased in 
Vo2max after 8 weeks. In addition, the both EX and EX + Vit. C groups had significantly 
lower percent difference in resting heart rate but had significantly higher percent 
difference in Vo2max while no significant difference in those parameters were observed 
in the CON groups. 
  The moderate exercise training has been proposed due to the health 
benefits, including an increase of physical fitness and decreased risk of obesity, 
cardiovascular disease and the metabolic syndrome (Fogelholm et al., 2000; Sato et al., 
2007). Many studies have reported that allergic rhinitis drugs are stimulants and may 
cause increased heart rate in patients with allergic rhinitis (Salerno et al., 2005; Blaiss, 
2007; Scow et al., 2007). In the present study, exercise training protocol consisted of 
walking-running on a treadmill (65-75% of HRR) 30 minutes, three times per week for 8 
weeks. These training program is the minimum recommended quantity and quality of 
exercise for developing and maintaining cardiorespiratory fitness (Pollock et al., 1998). It 
is adequate to induce physical adaptations as with decrease in resting heart rate and 
increase maximum oxygen consumption (VO2max). In agreement with our study, several 
studies showed that moderate aerobic exercise training improved resting heart rate and 
Vo2max in healthy people and disease (Jurca et al., 2004, Mitranun et al., 2010, 
Phanpheng et al., 2010). Zanesco and Antunes (2007) reported that exercise training 
decrease in heart rate at rest and at submaximal work load is the hallmark of 
cardiovascular adaptation in response. The mechanisms underlying reduced HR 
include increased parasympathetic and sympathetic stimulation of the sinoatrial node, 
and altered intrinsic firing rate of the sinoatrial node (Moore, 2006). The greater 
improvement in VO2max observed in our study may have been due to an increased 
stroke volume include a training induced enlargement of left ventricular chamber size, 
cardiac muscle hypertrophy with enhance contractility during systole and (a-v) O2 
difference improvement (Trilk et al., 2011). VO2max is a value expressed quantitatively of 
a person’s capacity for aerobic resynthesis of ATP. It provides important information on 
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the capacity of long term energy system (Heyward, 1997). It is an indication of the ability 
of the body that can carry oxygen to the muscle of the body parts effectively and 
increasing the transport of oxygen to the muscle in higher volume (Hepple et al., 1997). 
Those development of cardiovascular and respiratory endurance resulted in an increase 
of the performance to bring oxygen and nutrients to the organs for longer working 
(Smarty, 2009).  
 
Blood chemical data 
 
  In the present study, the results showed that after 8 weeks the total 
immunoglobulin E level in the moderate exercise training combined with vitamin C 
supplementation group (EX + Vit. C) was significantly lower than pre-test and 
significantly lower when compared with both control (CON) and moderate exercise 
training (EX) groups  (p < 0.05). However, there were no significant difference in specific 
IgE (D.pteronyssinus) between pre and post test in all groups of subjects. Additionally, 
malondialdehyde (MDA) levels of the both exercise training groups were significantly 
lower than pre-test and when compared with the control group.  

Immunoglobulin E (IgE) was synthesized by plasma cells in the nasal 
mucosa in allergic rhinitis, providing a local source for the sensitization of tissue mast 
cells against common inhaled aeroallergens (Takhar et al., 2005). This condition is an 
IgE-mediated inflammatory disease of the nasal mucosa, characterized by obstruction, 
rhinorrhea, sneezing, itching, and/or postnasal drip; ocular symptoms are also frequent 
(Rondon et al., 2007). Our results showed that after 8 weeks total IgE of the EX + Vit. C 
group had a significantly lower than pre-test (p < 0.05), but there were no significant 
difference in the both CON and EX groups. Moreover, the percent difference of total IgE 
in the EX + Vit. C group was significantly lower than the both CON and EX groups (p < 
0.05). Vitamin C (ascorbic acid) is an essential water-soluble nutrient (Hartel et al., 2004) 
which acts as an electron donor for many kinds of human enzymes, facilitates iron 
transport, and is regarded as one of the most important physiological antioxidants. In 
addition, Vitamin C exerts several diverse effects on the immune system. It increases 
neutrophil motility and phagocytic function in human (Noh et al., 2005). Our results 
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showed that dietary vitamin C supplementation 2,000 mg/day for 8 weeks reduced total 
serum immunoglobulin E in allergic rhinitis patients. In support this study, recent reports 
showed that vitamin C presents some anti-inflammatory effects, which are helpful in the 
treatment of asthma (Hatch, 1995), a common symptom that occurs in hypersensitivity. 
Furthermore, consumption of vitamin C can lower blood levels of histamine (Clemeston, 
1980) and reduce the natural inflammatory response in nasal passages (Fortner et al., 
1982), which exhibit some anti-allergic activity. Noh et al. (2005) reported that in vivo 
administration of mega-dose vitamin C decreased IL-4 secretion from their T cells and 
reduced serum ovalbumin-specific IgE. In contrast to Sausenthaler (2009), reported that 
vitamin C intake not effect on allergic sensitization and total IgE concentration. However, 
it was not speculate that moderate exercise combined vitamin C supplement had better 
beneficial effect on improve function in allergic rhinitis due to there were no significant 
difference in specific IgE (D.pteronyssinus) in EX + Vit. C group. 

Oxygen free radicals, such as superoxide anion radical, singlet oxygen, 
hydroxyl radical, and perhydroxyl radical are together referred to as reactive oxygen 
species (ROS) and play an important role in the pathogenesis of several diseases 
(Ahsan et al., 2003), including some skin diseases (Utas et al., 2002; Okayama, 2005). 
MDA is the end product of lipid peroxidation, is a good marker of free radical–mediated 
damage and oxidative stress (Del Rio et al., 2005). The role of free oxygen radicals 
(FOR), occurring in the inflammation area, on tissue damage and ethiopathogenesis of 
various diseases is gradually drawing more attention in medicine. Inflammatory cells 
become active in patients with asthma and allergic rhinitis and produce too much FOR 
(Jarjour and Calhoun, 1994). This way, it was revealed that FOR, more accurately 
oxidative stress, can take part in the pathogenesis of allergic diseases like asthma and 
allergic rhinitis, chronic idiopathic rhinitis, and several studies have been and are still 
being conducted to enlighten this topic (Tekin et al., 2000; Macnee and Rahman, 2001). 
The present study indicated that moderate aerobic exercise training 8 weeks declined 
plasma MDA in patients with allergic rhinitis. Oxidative stress can be defined as 
exposure to increased oxidant or decreased antioxidant capacity (Mc Cormick et al., 
1999). Oxidative stress plays an important role in allergic disorders and increased levels 
of oxidants are considered as markers of the inflammatory process. There are 

https://vpn.chula.ac.th/+CSCO+c0756767633A2F2F6A6A6A2E667076726170727176657270672E70627A++/science/article/pii/S017129850800123X#bib23#bib23
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sausenthaler%20S%22%5BAuthor%5D
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superoxide dismutase (SOD), catalase (CAT), glutathione peroxidase (GSH-Px),GSH 
redox rings, there are also some non-enzymatic antioxidants like ceruloplasminand 
vitamin C and vitamin E act as for scarenqer (Ünlü et al., 1999). Overproduction of 
oxygen free radicals, while the natural scavenging mechanisms are weakened, is a 
process that is implicated in cell damage and multiorgan failure (Li et al., 2011). It has 
important implications on the pathogenesis of chronic obstructive airway diseases 
(Nounou et al., 2010). As a result, we speculate that moderate intensity exercise training 
effects conferred beneficial effect to ameliorate the harmfulness of oxidative stress in 
rhinitis patients. Many studies have reported that 5 days/week for 12 weeks exercise 
training improved tissue perfusion and attenuated increasing oxidative stress (Metin et 
al., 2003; Viboolvorakul et al., 2009). Asghar et al. (2007) found that 6 weeks treadmill 
exercise training decrease MDA levels and increases total superoxide dismutase (SOD) 
in mice. This study demonstrated that exercise training decrease oxidative stress, 
reduce inflammation and induce anti-oxidant defense. The mechanism of attenuating 
oxidative stress by exercise training due in part to an increase in antioxidant activity, 
therefore, facilitating the removal of reactive oxygen substances (Suksom et al., 2011).  
 
Cytokine levels in nasal secretion  
 
  In this study, the cytokine level in nasal secretion was determined before 
and after 8 weeks. The results showed that the both EX and EX + Vit. C groups had 
significantly decreased interleukin (IL)-4 levels. Moreover, the percent difference of IL-2 
was significantly higher than the CON group (p < 0.05) and the percent difference of IL-
4 was significantly lower than the CON group (p < 0.05). After nasal challenge by house 
dust mite (D.pteronyssinus), the percent difference of IL-4 and IL-13 in the both EX and 
EX + Vit. C groups were significantly lower than the CON group (p < 0.05), but the 
percent difference of IL-2 in the both EX and EX + Vit. C groups was significantly higher 
than the CON group (p < 0.05). 
  Cytokines are soluble glycoproteins that are produced by and mediate 
communication between and within immune and nonimmune cells, organs and organ 
systems throughout the body (Turnbull and River, 1999). Allergic rhinitis is characterized 
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by the development of nasal mucosal inflammation in response to natural allergen 
exposure which induce by the production of numerous cytokines. Allergic inflammation 
is associated with a shift in the balance between cytokines produced by Th1 and Th2 
cells toward a Th2 predominance. Activated Th2 lymphocytes produce   IL-4, IL-13, and 
IL-5, which are responsible for IgE production by B cells, eosinophil activation and 
recruitment and mucus production. In contrast, Th1 cells differentiate from naïve CD4+ 
cells in response to micrabia activation of antigen-presenting cells under the influence of 
IL-12. Differentiated Th1 cells secrete interferon-γ and IL-2, which is important in 
intracellular destruction of phagocytosed microbes. Furthermore, IL-2 produced by Th1 
cells and IL-4 produced by Th2 counter-regulate each other (Ngoc et al., 2005). Nasal 
secretions contain minute amounts of cytokines and other inflammatory mediators 
expressed by various epithelial and nonepithelial cells. In this study, we use a filter 
paper method technique for the collection of nasal epithelial lining fluid. It involves the 
use of a sampler with absorptive properties which is placed within the nasal cavity. This 
technique was considered suitable for cytokine determination (Bensch et al., 2002). 
Cytokine in nasal secretion are found in concentrations considerably higher than in 
blood plasma (Riechelmann, et al., 2003). 

IL-4 promotes the production of IgE antibodies by B–cells, it is one of the 
key cytokines in the development of allergic inflammation (Cameron et al., 1998; 
Draheim et al., 2004; Sausenthaler et al., 2009). IL-4 plays a key role not only in inducing 
and increasing the generation of primary polyclonal and secondary specific IgE 
responses by B lymphocytes (Finkelman et al., 1990; Prete et al., 1993) but also in 
developing Th2-like cells (Abehsira-Amar et al., 1992). In addition, IL-4 has been shown 
to up-regulate the expression of adhesion molecules such as VCAM-1 on endothelial 
cells, which are involved in the selective infiltration of eosinophils in allergic inflammation 
(Schleimer et al., 1992). IL-4 mediates important proinflammatory functions in asthma in 
induction of the IgE isotype switch, promotion of eosinophil transmigration across 
endothelium, mucus secretion, and differentiation of T-helper type 2 lymphocytes 
leading to cytokine release (Steinke and Borish, 2001). Thus, IL-4 may be the most 
important cytokine involved in allergic pathogenesis. Several studies have documented 
a significant elevation of serum IL-4 levels in atopic individuals compared with nonatopic 

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sausenthaler%20S%22%5BAuthor%5D
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controls (Matsumoto et al., 1991; Reddy et al., 1992; Ohashi et al., 1996). A recent study 
reported the higher levels of IL-4 in the nasal fluid of allergic rhinitis patients compared 
to controls (Scavuzzo et al., 2003). In the present study, the levels of IL-4 after 8 weeks 
moderate exercise training in allergic rhinitis patients were significantly lower than pre-
training in both at baseline and after nasal challenge with house dust mite 
(D.pteronyssinus). In agreement with our studies, many studies showed that aerobic 
exercise training could be attributed to decrease levels of IL-4 (Pastva et al., 2004; 
Pastva et al., 2005; Vieira et al., 2007; Vieira et al., 2008). Nevertheless, Shimizu et al. 
(2008) found that moderate exercise training 5-days a week for 6 months did not change 
in IL-4 cytokine. 

Th1 cells produce, IL-2, TNF-α, IFN-γ and other cytokines for control of 
cell-mediated immunity (McGhee, 2005) and promote both macrophage activation 
resulting in delayed-type hypersensitivity (DTH), and production of complement-fixing 
and -opsonizing antibodies (Viallard et al., 1999). IL-2 is a growth promoting cytokine 
that has received a great deal of attention over the past decade with respect to aging 
and cancer. It is produced primarily by helper T cells and regulates the growth and 
function of various cells that are involves in cellular and humoral immunity. The 
expression of IL-2 has been found to decrease with age in humans and rodent. The 
decline in IL-2 production has been shown to parallel the age-related decrease in 
immunologic function (Pahlavani and Richardson, 1996). Our results demonstrated that 
moderate exercise training increase IL-2 when compared to control group. In agreement 
with our study, Arai et al. (2006) reported that long-term endurance training can increase 
the production of IL-2 to comparable levels found in young male subjects. This finding 
suggested that chronic exercise could delay immunosenescence by IL-2 association 
with higher T cell proliferation. 

In the present study, we demonstrated that the improvement in aerobic 
capacity by exercise training in allergic rhinitis patients were associated with inhibiting 
the production of IL-4 but increasing IL-2. In agreement with previous study, they 
reported that the anti-inflammatory effects of aerobic exercise training could be 
attributed to decrease levels of IL-4, IL-5, IgE and also increase in the anti inflammatory 
cytokine (Pastva et al., 2004; Pastva et al., 2005; Vieira et al., 2007; Vieira et al., 2008). 

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Shimizu%20K%22%5BAuthor%5D
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Potential mechanism relating moderate exercise training and cytokine levels have not 
been clearly elucidated. The one possible mechanism is that exercise training improved 
physical capacity and sweating function so that body temperature was more easily 
regulated during and after exercise. This may due to improved production of specific 
cytokine and chemokine in sweating during exercise (Lee et al., 2010).  Another 
mechanism may be due to VO2max improvement from exercise training may be linked to 
attenuate levels of oxidative stress which in tern may alternate inflammatory cytokine 
expression (Smart et al., 2011). Exercise training-induced improvement in inflammatory 
status may also result from the modulation of intracellular signaling pathways and 
cellular function that are mediated by ROS. While ROS are generated at low rates under 
resting conditions, the production of these molecules increases transiently during 
exercise and plays a role in inducing anti-inflammatory defense mechanism (Scheele et 
al., 2009). ROS have acute effects on contractile regulation and exert chronic effects on 
muscle gene expression. In particular, the adaptive process involves the up-regulation 
of genes encoding antioxidant enzymes and heat shock proteins. Given that ROS 
mediates some of the catabolic effects of cytokines, reductions in ROS generation may 
lead to attenuation of the inflammatory response (Beavers et al., 2010).  
 
Rhinitis symptoms analysis 
 
  In this study, the results showed that after 8 weeks, the both EX and EX + 
Vit. C groups had increased in peak nasal inspiratory flow (PNIF) and decreased in 
rhinitis symptoms such as; nasal congestion, itching, sneezing, rhinorrhea and total 
rhinitis symptoms were reduced after examine by level (mild, moderate and severe) 
technique. We found that PNIF of both exercise groups were significantly higher than the 
control group (CON) and after nasal challenge 60 minutes, the EX and EX + Vit. C 
groups had a significantly higher PNIF when compared with pre-test (p < 0.05). 
Furthermore, nasal blood flow and rhinitis symptoms scores in the both exercise groups 
(EX and EX + Vit. C) were significantly lower than the control group (CON).  
  PNIF proved to be a reliable method to detect change to nasal patency 
due to obstructive or inflammatory causes. It indicated a pattern of definitive values, with 
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one acceptable statistical significance, for individuals with and without rhinitis (Teixeira 
et al., 2011). We found that PNIF was increased after exercise training. In agreement 
with Marioni et al. (2010), they reported that the mean PNIF after physical exercise was 
significantly higher than the mean PNIF value found before physical exercise. Moreover, 
the present study demonstrated that the percent difference of nasal blood flow in both 
EX and EX + Vit. C groups were significantly lower than CON group. Nasal blood flow is 
increase with nasal inflammation due to infective rhinitis (Busse and Holgate, 2000). This 
is attributed to decreased blood flow to the nasal passages following exercise, which 
results in less swelling and congestion (Mendenhall, 2011).  

Furthermore, the present study showed the effects of exercise training 
and exercise training combined with vitamin C supplementation decrease rhinitis 
symptom. Allergic rhinitis associated nasal congestion results from dilation of venous 
capacitance vessels in the nasal submucosa and increase vascular permeability, 
mucosa oedema with influx of inflammatory cells, and excess secretions (Rappai et al., 
2003). Sneezing, generally occurs as multiple events and for extended periods, itching, 
in and around the nose and nasal mucosa and rhinorrhea, a copious water secretion 
from the nose (Al Suleimani and Walker, 2007). Vitamin C was found to decrease 
symptoms of perennial allergic rhinitis patient, parallely there was a decrease of the pH 
of nasal secretion to normal limits (Podoshin et al., 1991). However, it was negatively 
associated with an decreased risk of AR symptoms in same study. In this study, we 
speculate that effects of exercise training combined with vitamin C supplementation on 
rhinitis symptoms did not shown different from exercise training alone. Inconsistency, 
with previous studies, they reported that vitamin C is antioxidant and effects to reduce 
allergic inflammatory due to decrease allergic rhinitis symptoms in patients with allergic 
rhinitis (Podoshin et al., 1991; Kompauer et al., 2006). Therefore, we suggested that 
moderate exercise training seems to have a beneficial effect for reducing clinical 
symptoms in rhinitis patients. Exercise causes a fall in nasal resistance that may be due 
to sympathetic vasoconstriction in the nasal mucosa (Olson and Strohl, 1987). The fall in 
nasal resistance is caused at least partly by reducing blood flow (Clarke, 1996). The 
nasal mucosa is composed of both resistance and capacitance blood vessels (Howarth, 
2005). This leads to reduced nasal congestion by decreasing blood flow and increasing 
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sinus emptying in the capacitance vessels (Ramey et al., 2006). A decrease in nasal 
resistance with exercise which lead to the assumption that nasal symptoms improve 
rather than worsen with exercise (Silvers and Poole, 2005).  
  Although, in this study our hypothesis were moderate exercise training 
combined with vitamin C supplementation had more beneficial effects than moderate 
exercise training for decreasing cytokine response and rhinitis symptoms in patients 
with allergic rhinitis. But the results of the present study showed no significant difference 
between the moderate exercise combined with vitamin C supplementation and 
moderate exercise training group. On the other hand, other researches has 
demonstrated that vitamin C has been shown to stimulate the immune system by 
enhancing T-lymphocyte proliferation in response to infection leading to an increased 
cytokine production and synthesis of immunoglobulins (Hartel et al., 2004; Noh et al., 
2005) and to decrease in allergic symptoms (Podoshin et al., 1991). However, some 
studies found that vitamin C supplementation had no effects on immune function 
(Nounou et al., 2010) and allergic sensitization (Sausenthaler et al., 2009). In this study, 
the EX + Vit. C group was supplemented vitamin C daily with an oral dose of 2,000 mg 2 
times/day (1,000 mg in the morning and evening) for 2 months. The Ex group was 
supplemented placebo daily with an oral dose of 2,000 mg 2 times/day (1,000 mg in the 
morning and evening) for 2 months too. We also determined plasma vitamin C but it had 
error in blood chemical analysis, therefore, we did not present the result of plasma 
vitamin C. There were no significant difference between the EX and the Ex + Vit. C 
group may be due to the sample size in our study was small as mentioned above and 
the ability to detect effect of vitamin C supplementation may have a limitation and the 
duration of vitamin C supplementation. In this study the subjects were vitamin C 
supplemented daily for 2 months. Sasazuki et al. (2006) found that vitamin C was 
supplemented for 5 years will be able to reduced the frequency of the common cold. 
Besides, Nounou et al. (2010) showed that vitamin C was supplemented for 12 week 
decrease of serum IL-4 levels in asthma patients. Accordingly, this point was interested 
in further study.  
  
 

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sausenthaler%20S%22%5BAuthor%5D
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Conclusion 
 

Our data present evidence supporting exercise training can modulate 
immune response in allergic rhinitis patients. The extensive benefits of moderate 
intensity exercise training were to increase IL-2 cytokine and decrease IL-4 cytokine. 
The cardiorespiratory improvement by exercise training can alternated oxidative stress 
result in improve immune function lead to the reduction of rhinitis symptoms in patient 
with allergic rhinitis. However, no synergistic effect between exercise training and 
vitamin C supplementation was found in the present study. Therefore, we suggest that 
without vitamin C supplementation, moderate exercise training had beneficial effects in 
allergic rhinitis by attenuating inflammatory response and reducing rhinitis symptoms 
(Figure 5.1). Furture studied should aim to delineate the mechanism of immune 
modulation in allergic rhinitis by exercise training. 
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Figure 5.1 The conclusion of study. 
 

Limitations of this study 
 

1. Finding subjects is difficult due to they have to stopped taking all medicine 
before the study. 

2. The allergic rhinitis patients should do the moderate exercise training for 
improving physical fitness and clinical symptoms. 

3. To collect data correctly, patients were explained clearly regarding every 
parameter testing. 
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Suggestions for further research 
 

1. In depth mechanisms in exercise and immunology systems of allergic rhinitis 
study was included. 

2. The increasing in duration of vitamin C supplementation and sample size. 
3. There were needed to study in effect of other exercise on allergic rhinitis 

patients. 
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APPENDIX G 
Results of the preliminary study 

 
Table 1  Physiological and blood chemical data.  
 

Variables Control (n=14) AR (n=13) P-value t 

Age (years) 28.93 ± 1.40 26.30 ± 2.28 0.32 -1.00 
Body weight (kg.) 51.30 (46.70) 54.20 (43.40) 0.73 Z= -0.34 
BMI (kg/m2) 21.46 ± 1.05 21.50 ± 1.24 0.88 .02 
Body fat (%) 24.42 ± 2.01 22.60 ± 3.37* 0.03 -.47 
Heart rate (beat/min) 82.66 ± 3.28 80.53 ± 2.12 0.11 -.52 
Systolic BP (mmHg) 120.73 ± 4.11 111.69 ± 2.43 0.13 -1.81 
Diastolic BP (mmHg) 71.13 ± 2.15 68.46 ± 2.95 0.64 -.74 
Vo2max (ml/kg./min) 32.6 ± 2.36 33.30 ± 2.35 0.87 .21 
FVC (Liter) 2.85 ± 0.15 2.97 ± 0.22 0.08 .46 
FEV1 (Liter) 2.60 ± 0.14 2.38 ± 0.19 0.45 -.91 
Hemoglobin (g/dl)  14.01 ± 0.58 13.82 ± 0.37 0.34 -.26 
Hematocrit (%) 46.00 ± 1.77 41.54 ± 1.28 0.16 -1.97 
Cholesterol (mg/dl) 218.67 ± 10.38 182.92 ± 4.06* 0.00 -3.02 
Triglyceride (mg/dl) 117.93 ± 20.40 67.38 ± 7.67 0.34 -2.18 
HDL-C (mg/dl) 67.47 ± 2.81 66.69 ± 3.68 0.38 -.16 
LDL-C (mg/dl) 129.87 ± 9.27 104.23 ± 3.96* 0.00 -2.40 
Total IgE (IU/ml) 71.00 (390.00) 249.00 (1064.00)* 0.01 Z= -2.37 

 

Values are means ± SEM. [Body weight and total IgE are median(range)] 
* P<.05, C group versus AR group. 
BMI=Body mass index, BP=Blood pressure, VO2max=Maximal oxygen consumption, 
FVC=Forced vital capacity, FEV1= Forced expiratory volume, HDL-C=High density 
lipoprotein Cholesterol, LDL-C=low density lipoprotein Cholesterol, IgE=Immunoglobulin E 
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Table 2  Severity of rhinitis symptoms. 
 

 
Values are means ± SEM. (0 = none, 1 = mild, 2 = moderate, 3 = severe) 
* P<.05, Different from pre test. 
 
Table 3  Cytokines in serum and nasal secretion at baseline. 

 
Values are means ± SEM. 
*P<.05, Different between serum and nasal secretion in the same group. 
†P<.05, Different from C group. 
IL-2 = Interleukin 2, IL-4 = Interleukin 4, IL-13 = Interleukin 13, TNF-α = Tumor necrosis 
factor-alpha 
 
 
 

 

Variables 

AR (n=13) 

Exhaustive Ex. Moderate Ex. 

Pre Post % diff Pre Post % diff 

Congestion 2.07 ± 0.17 0.23 ± 0.16* -89.74  1.61 ± 0.26 0.15 ± 0.10* -74.35  

Itching 2.15 ± 0.22 0.30 ± 0.17* -88.46  1.84 ± 0.24 0.15 ± 0.10* -82.05  

Sneezing 1.61 ± 0.26 0.23 ± 0.16* -75.64  1.46 ± 0.24 0.00 ± 0.00* -84.61  

Rhinorrhea 1.84 ± 0.24 0.46 ± 0.18* -73.07  1.53 ± 0.21 0.23 ± 0.12* -76.92  

Total symptoms scores 7.69 ± 0.77 1.23 ± 0.63* -88.07 6.46 ± 0.88 0.53 ± 0.31* -82.94 

Cytokines 
(pg/ml) 

Control (n=10)  AR (n=10) 
Serum Nasal secretion  Serum Nasal secretion 

IL-2 6.85 ± 3.62 68.79 ± 8.11*  16.81 ± 4.86 104.25 ± 12.49*† 
IL-4 0.00 ± 0.00 6.93 ± 2.66*  2.38 ± 2.16 23.36 ± 5.08*† 
IL-5 0.00 ± 0.00 1.41 ± 0.74*  0.00 ± 0.00 14.30 ± 5.32*† 
IL-13 42.13 ± 10.55 100.24 ± 2.20*  76.17 ± 6.14† 116.62 ± 4.98*† 

TNF-α 1.53 ± 0.38 8.07 ± 1.13*  3.68 ± 0.97 15.78 ± 2.24*† 



 248 

0

20

40

60

80

100

120

140

C AR

p
e
r
c
e
n

t 
d

if
fe

r
e
n

t 
(%

)

-90

-80

-70

-60

-50

-40

-30

-20

-10

0

P
e
r
c
e
n

t 
d

if
fe

r
e
n

t 
(%

) 

-15

-10

-5

0

5

10

P
e
r
c
e
n

t 
d

if
fe

r
e
n

t 
(%

)

-50

-40

-30

-20

-10

0
P

e
r
c
e
n

t 
d

if
fe

r
e
n

t 
(%

)

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 1  The percent different between pre and post of exhaustive and 
moderate exercise in cytokine levels in nasal secretion: IL-2, IL-4, IL-13, and TNF-α 
(pg/ml) in healthy subjects (C) and allergic rhinitis patients (AR) groups. 

 
 
 
 
 
 
 
 
 

*P<.05, Different between exhaustive and moderate exercise in the same group. 

 
Figure 2  The ratio of IL-2 and IL-4 (IL-2/IL-4) in nasal secretion compared 

between exhaustive and moderate exercise in healthy subjects (C) and allergic rhinitis 
patients (AR) groups. 
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APPENDIX H 
Malondialdehyde 

  
Principles  
 Oxidation of polyunsaturated fatty acids leads to numerous peroxidic and 
aldehydic compound, in particular the volatile low molecular weight aldehyde, 
malondialdehyde (MDA). The chemical composition of the end products of peroxidation 
will depend on the fatty acid composition of the lipid substrate used and upon what 
metal ions are present.  Thus copper and iron ions give different end-product 
distributions as measured by the thiobarbituric acid (TBA) test.  This is one of the most 
commonly used methods for detecting and measuring lipid peroxidation.  The lipid 
material is simply heated with TBA at low pH, and the formation of a pink chromogen is 
measured at or close to 532 nm.  The chromogen is formed by reaction of one molecule 
of malondialdehyde (MDA) with two molecules of TBA. 
Reagents 
1. 8.1% Sodium dodecyl sulfate (SDS) 
  Dissolve SDS 8.1 g in distilled water and allow to stand overnight at room 
temperature until it is dissolved.  Then make up to 100 ml. 
  Do not shake because this solution will produce a lot of bubbles and store in 
refrigerator. 
2. 20% of acetic acid solution (pH 3.5) 
  Pipette 26.61 ml of 37% HCl into volumetric flask (1,000 ml) and make up to 
1,000 ml with distilled water.  0.27 M HCl is then obtained.  Add 20 ml pure acetic acid 
in 80 ml 0.27 m HCl.  Adjust the solution to pH 3.5 with 1 N NaOH. 
3. 0.8% Thiobarbituric acid (TBA) 
  Weigh TBA 0.8 g.  Then add distilled water, heat and stirr until it is dissolved.  
Make this solution up to 100 ml and mix.  
4. 1,1,3,3-Tetramethoxypropane (TMP) or malondialdehyde bis (dimethyl acetal) 
solution is used as an external standard.  The level of lipid peroxide is expressed as 
nmole of MDA. 
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     Pipette 16.4 l stock TMP and make up to 100 ml with distilled water.  Then 
pipette 0.04, 0.08, 0.12, 0.16, 0.20 ml of this stock TMP solution and add distilled water 
to 10 ml in each concentration.  These will give the following concentration of standard 
TMP: 4, 8, 12, 16, 20 nmole/ml.  Store the stock solution in refrigerator. 
Procedure 
1. Pipette the following solutions into a series of glass tubes with screw capped: 
Solution Blank (ml) Standard (ml) Unknown (ml) 
Sample - - 0.5 
8.1% SDS 0.2 0.2 0.2 
20% Acetic acid (pH 3.5) 1.5 1.5 1.5 
0.8% TBA 1.5 1.5 1.5 
TMP stock standard - 0.5 - 
Distilled water 0.8 0.3 0.3 

2. Heated the tubes in the water-bath at 95oC for 60 min. 
3. After cooling with top water, 1.0 ml of distilled water and 5.0 ml of the mixture of n-
butanol and pyridine (15:1 v/v) are added and shaken vigorously (at least 1 min). 
4. After centrifugation at 4,000 rpm for 10 min, the organic layer is taken and its 
absorbance at 532 nm is measured. 
5. The content of lipid peroxide is expressed in terms of nmole MDA/ml. 
Calibration curve 
1. Prepare a series of tube containing TMP stock standard in water in the following 
concentrations: 2.0 nmole/0.5 ml, 4.0 nmole/0.5 ml, 60 nmole/0.5 ml, 8.0 nmole/0.5 ml 
and 10.0 nmole/0.5 ml. 
2. Perform the procedure as in step 2. 
3. Determine the absorbance at 532 nm.  Then plot the optical density versus nmole of 
MDA/ml. 
Reference 
Ohgawa H, Ohishi N, Yaki K. Assay for lipid peroxides in animal tissues by thiobarbituric 

acid reaction. Anal Biochem 1979; 95: 351-8. 
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APPENDIX I 
Flow Cytomix Multiplex 

 

Reagents provided 
- 1 vial Setup Beads (SB) 
- 13 vials (175 µl) Fluorescent Breads (20x) coated with specific antibodies 
- 26 vials (2x13) Standard (Iyophilized) 
- 13 vials (350 µl) Biotin-Conjugate (20x) (specific antibody conjugated to biotin) 
- 1 bottle (50 ml) Assay Buffer (10x) (PBS with 10% BSA) 
- 1 bottle (13 ml) Reagent Dilution Buffer (RDB), ready to use 
- 1 vials (200 µl) Streptavidin-Phycoerythrin (Streptavidin-PE) 
- 1 96 - well Filter Plate 
- 6 Adhesive Films 
Reagent preparation 
Assay Buffer 

Assay Buffer Concentrate (10x) 
(ml) 

Distilled Water (ml) 

5 45 
 
Preparation of Standard 

1. Spin down standard vials 
2. Reconstitute the standard by adding H2O, DW according to the label on the 

standard vial. 
3. Vortex, wait 10 min. 
Preparation of Standard Mixture: 
4. Centrifuge standard vials 
 

Number of analytes 
/assay 

Volume of each 
Reconstituted standard 

(µl) 

Volume of Assay buffer 

(1x) (µl) 

Final volume of standard 

Mixture (µl) 

13 plex 10 70 200 
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5. Make a 1:20 dilution, take 10 µl each standard to new a vial (standard 1), mix 
6. S2-S7 add 100 µl Assay buffer 
7. Transfer 50 µl, (pipette up and down before transfer) 

 

 

 

 

 
Preparation of Bead Mixture (Fluorescent beads) 

1. Put the sample 25 µl/well and bead mixture 25 µl/well, Count the number of 
testing included standard, blank and sample 

2. Analyze final volume (V fin) of bead mixture 
  V fin = number of testing x 25 µl (40 samples + Std 8 = 48 samples) 
                  = 48 x 25 = 1,300 µl, round up 1,400 µl 
  V fin = 1,400 µl; 1/20 of final volume = 70 µl 

3. Vortex individual bead vial, 5 seconds, (pipette up and down a little before 
transfer) 
 

Number of tests Volume of each 
Bead Set (µl) 

Volume of RDB  
(µl) 

Final volume of 
Bead Mixture (µl) 

48 70 490 1,400 
 70 µl x 13 plexes = 910 µl            2,700 – 1,755 = 945 µl 

 
4. Centrifuge 3000 g, 5 min 
5. Take off 1,350 µl (carefully), remain 50 µl 
6. Add RDB 1,350 µl, vortex 5 second. 
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Preparation of Biotin-Conjugate Mixture 
1. Put the biotin-conjugate mixture 50 µl/well, Count the number of testing included 
standard, blank and sample 
2.  Analyze final volume (V fin) of bead mixture 
 V fin = number of testing x 50 µl  
          = 48 x 50 = 2,400 µl, round up 2,600 µl 
 V fin = 2,600 µl; 1/20 of final volume = 130 µl 

Number of tests Volume of each 
Biotin-conjugate (µl) 

Volume of RDB  
(µl) 

Final volume of 
Biotin-Conjugate 

Mixture (µl) 
48 130 910 2,600 

130 µl x 13 plexes = 1,690 µl        2,600 – 1,690 = 910 µl 
 

Test Protocol 
Test Procedure Using the Filter Plate 
Worksheet 
 1 2 3 4 5 6 7 8 9 10 11 12 
A Std. 1            
B Std. 2            
C Std. 3            
D Std. 4            
E Std. 5            
F Std. 6            
G Std. 7            
H Blank            
 

1. Add 50 µl Assay Buffer (1x) to the filter plate to pre-wet the wells. 
2. Add 25 µl of Standard Mixture dilutions to standard well. 
3. Add 25 µl Assay Buffer (1x) to blank well 
4. Add 25 µl of sample 
5. Add 25 µl of Bead Mixture (all well) 
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6. Add 50 µl Biotin-Conjugate Mixture (all well) 
7. Cover wells with adhesive film, Protect from light with an aluminium foil.  
8. Incubate at RT (18° to 25°C) for 2 hours on a microplate shaker at 500 rpm. 
9. Prepare Streptavidin-PE Solution 
 

Number  
of tests 

Conc. Streptavidin-PE  
(µl) 

Assay buffer 
(1x) (µl) 

Final volume of Streptavidin-PE 
solution (µl) 

48 88 2,662 2,750 
 

10. Wash 2 times, 100 µl Assay buffer / well. 
11. Add 100 µl Assay Buffer (1x) to each well. 
12. Add 50 µl of Streptavidin-PE Solution (all well) 
13. Cover wells with adhesive film, Protect from light with an aluminium foil.  
14. Incubate at RT (18° to 25°C) for 1 hours on a microplate shaker at 500 rpm. 
15. Wash 2 times, 100 µl Assay buffer / well manifold. 
16. Add 200 µl Assay Buffer (1x) to each well. 
17. Mix the contents of each well by repeated aspiration and ejection, and 

transfer these 200 µl of each well into a separate sample acquisition tube for a flow 
cytometer and fill up to 500 µl final volume by adding 300 µl of Assay Buffer (1x) 

18. Detection by Flowcytometer 
19. Analyst by FlowCytomix TM Pro Software 
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