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ABSTRACT

| soflavones have antioxidant activities in vivo, however, their antioxidative potential

against oxidative stress initiated by exercise was rot explored. The first study investigated
the effect of high-genistin isoflavone (HGI) supplementation on erythrocyte antioxidant

enzymes and tissues' thiobarbituric reactive substances (TBARS) in acutely exercised one-
year old rats. All tissue genistein concentrations increased after exercise. Ingestion of HGI

seemingly enhanced running time to exhaustion, and maintained glutathione peroxidase (GPx)
and catalase (CAT) activities decreased due to exercise. The second study investigated the
dose effect of HGI supplementation. Genistein concentrations were significantly higher

(P<0.05) in tissues of rats fed the 1045 PPM HGI diet than in rats fed 522 or 209 PPM HGI

diets and increased the glutathione (GSH)/total glutathione (TGSH) ratio (P<0.03).
Reductions of the in vivo MDA concentrations (P<0.05) were observed only in the plasma of
rats fed 522 and 1045 PPM HGI diets compared to those fed 0 PPM (-1.08, -0.82, and 0.03
nM, respectively). Therefore, isoflavones at 522-1045 PPM HGI diet have antioxidative
effectsin rats.

The last two studies investigated the effect of isoflavone supplementation on the
modulation of erythrocyte antioxidant enzyme activities, glutathione homeostasis, and other
oxidative biomolecules in healthy young men undergoing 80%VO,pk exercise. In Study 3
exercise at 80%V O,pk increased oxidative stress which was best demonstrated by increased



superoxide dismutase (SOD) activity (16.5%), GSH/TGSH ratio, in vivo MDA (12.6%),
plasma uric acid (4.9%) and ferric reducing/antioxidant ability (FRAP) ( 7.8%). Therefore,
30 minutes 80% VO,pk exercise induced oxidative stress in moderately active college men.
In study 4, four-week HGI supplementation produced plasma genistein and daidzein
concentrations of 499 and 415 ng/ml, which were significantly increased to 633 and 539
ng/ml by exercise (P=0.04 and P=0.05). Isoflavones significantly decreased in vivo pre-
exercise plasma MDA (P<0.05), increased pre-exercise blood TGSH (P=0.01) and pre-
exercise erythrocyte SOD activity (P=0.0006), and maintained the decreased activities of
GPx due to exercise at pre-exercise levels. Results demonstrated that isoflavones had
antioxidant activity in vivo under normal physiological conditions in heathy young men.
They also maintaining GPx activity which was decreased due to exercise, however,

isoflavones may not overcome all oxidative stress initiated by intense exercise.



DEDICATION

To my parents MaFu Chen and Huey-O Tsao.



ACKNOWLEDGEMENTS

It has been five years since | followed my mgor advisor Dr. Raga M. Bakhit to
conduct researches. There is no word which can express numerous thanks of mine to her.
Her guidance and tremendous help have been changing my whole life.

| would like to thank Dr. Allan Goldfarb for his unselfishness in sharing his
knowledge with me. Even though he did not know me at all when we met at the first time, he
patiently answered my questions. Without Dr. Golde Holtzman's instructions, | would have
not completed my dissertation. Thank you for giving me some of your time whenever |
sought your assistance to resolve the most complicated portion of dissertation, statistical
analyses. To Dr. William Barbeau, thank you for your support and for your confidence and
trust in me. Your words let me fed that | will have a bright future. To Dr. Janet Rankin,
thank you for your time to share knowledge with me. Without your guidance and help, my
research would not cross over Exercise Science field. | also want to thank Dr. Michagl

Houston. Without his unlimited support, | would not have completed my degree smoothly.

| also wish to acknowledge Dr. Kathy Reynolds, Dr. David Moore, Janet Rinehart,
Carolyn Harris, and David Gemmel. Without their unselfish and endless help, conducting
experiments would be unachievable missions. | also like to express my thanks to all of my
friends for their support, Vanessa, Sandy, Daly, Janet, and Bob, and all staffs in HNFE
department.

My fina thanks go to my lovely girlfriend. Without her beside me, | do not know

how | can pass al of these. Good luck to her and me!



TABLE OF CONTENTS

CHAPTER L.t e e e e e e e e e e e e e e e e e e e e e e eeeeeeeeeeeeaeeeeeeeeeeeesaennnnees 1
INTRODUGCTION ..ot e e e e ettt e e e e e e e e e e e e e e e e e e e e e e e eeeeeeeeeeeaaeenneees 1
1.1. STATEMENT OF THE PROBLEM ...oooeeeeee oottt e e e e eaeeeeeeeaaneeanens 1
L2 HYPOTHESES ... e e ettt e e e e e e e e e e e e e e e e e e e aeeaeeeeeeeeeaaann 4
CH APTER 2. et e e e et e e e e e e e e e et e e e e e e e e e e e e e e e e e e e e e eennnees 5
LITERATURE RENVIEW ..ottt ettt e e e eaaaeeeeeaeesessassteeeessssesasasseeeeeeeesseaaessenenes 5
2.1 ATHEROSCLEROSI S ...ttt e e e e e et e e e e e e e e e eeeaeaaeens 5
2.2. RISK FACTORS OF ATHEROSCLEROSIS ... ...t 5
2.2. LDL OXIDATION .ot e e e e et et e e e e e e e e e aa e e e e eeeeeeaaeenneeeeeeens 7
2.2.1. Low density lipoprotein COMPOSITION .......ccceciueiieieeie e 7
2.2.2. Evidence that LDL peroxidation leads to atherosclerosis........ccoovevvveereeieennnnne. 7
2.2.3. Lipid peroxidation in the circulating LDL ........ccooeeieveerice e 8
2.2.4. Invitro LDL oxidation By OXIidantsS .........ccccerereenenienienieie e 9

2.3. EXERCISE AND ROS GENERATION ... e aee s 10
2.3.1. Freeradical formation under normal physiological conditions..............cccecuee.. 10
2.3.2. Freeradical-iNndUCEd OXIaLION.........coeeeeeeeeeeeeeeeeeeeeeeeeee e e e e eaaees 11
2.3.3. Freeradical generation during EXEICISE .......ccvevuveeeieeiieseesieeieeseesreeseeseesre e 12

2.4. Biomarkers of oxidative stressinduced by eXerCise.........c.ccvvverereeieeneneseseneenes 13
20 I 1 011 (0o U1 (o o TSRS 13
2.4.2. Lipid peroxidation as abiomarker ...........ccceeeieeiieiiecsie e 14
2.4.3. LDL OXIALON.....ceeeeeeeeeeeeeeeeeeeeeeeeeeeee e et et e e e e e e e e e e e e e e e e e e e e e e e e e e e aaaaaaes 14

2.5. ANTIOXIDANT DEENSE SYSTEMSAND ACUTE EXERCISE.........ccoeeun... 15
2.5.1. ANtIOXITANT ENZYIMES .......oiuiiieieierierie ettt b et r e e ene e 16

2. 5.2, ANIOXITANES. ...ttt e e e e e e e et ee e e e e e e s an e e eeeeeeesaannnnees 18
25.3. VIEAMIN C ..o, 18
2.5.4. GlUtathionNe NOMEOSIASIS ... ..ot e e e e e e e e e e e e e e e e 19
255, UNC B0 ..o 22

2.6. ANTIOXIDANTS SUPPLEMENTATION AND EXERCISE .....oovvveeeeeeeeeeeeenn, 22
2.7 LSO LAV ONES. ... e et e e e e e e e e e e e e e e 23

vi



2.7 1 INEFOOUCTION..c..c. ettt e e e e e e e et e e e e e e e e e e e eeeeeeeeeaannenees 23

2.7.2. Metabolism Of iSOflaVONES.........cccveieiieecee e 24
2.7.3. Biocavailability Of iSOfQVONES .........ccccveeieiee e 25
2.7.3. Consumption of iSoflavones in NUMANS...........ccooeiiriiineeee e 25
2.7.4. Antioxidative effect Of geNiStEIN.........cccce e 26
2.7.5. Other activities Of 1SOflaVONES ..........ooviiiiiiee e 28
2.8. REFERENCES.........coi ittt sttt 29
(O o N el It TSSO 57
TNt I = I A O 57
3. 2. INTRODUCTION. .. .ottt sttt st st nae e b nresnis 57
3.3. MATERIALS AND METHODS. .......cooiiiiteeenieee e 59
G T I N o 11 0= SRS 60
3.3.2. EXPErimental deSIQN........ccvrueieerieieeseeiesee st ete s e ee e e sre e e e nae e e sne e 60
3.3.3. Sacrifice and sample COIIECIONS..........cociieiiieiee e 61
3.3.4. Biochemical MEaSUrEMENTS.........ccooiiirirerceeeee e e 61
3.3.5. StAliStICAl ANAYSIS....ecciiieiieiie e ere e 62
G 1 I S T 62
3.4.1. Body weight, feed intake, and running ability..........cccccoeeviiieiienicce e, 62
3.4.2. GENISLEIN CONCENTIALIONS.......ceiuieeieeeesieeieeeesiee e seesreeseesreesbeeeesseesreseesseessesneeas 62
3.4.3. Products of lipid peroXidalion...........c.cccereeereeiesieeseeieseesieesee e e eee e sse e 63
3.4.4. Activities of antioxidant enzymesin erythroCytes.........c.ccoveevvrieneeinseenennns 63
3.5. DISCUSSION.....coiiiiiieriisiesieeeeee e sie sttt e st ss et sbesbesse e e e e s e neessesbeseesns 64
3.6, SUMMARY ...ttt st sttt ettt et st e b st e e e e e neesbenbenreans 70
3.7. REFERENCES.........ooot ittt sttt st sbenneanis 71
(@ o A I S 91
I N = 1S 2 ¥ G RSSO 91
4.2 INTRODUGCTION......coiiitiitistisieeieeeiesieste e ste e ssesseseessessessessesseasessesssessessessessessenns 92
4.3. MATERIALS AND METHODS. ........ooiiece ettt 93
.31 ANIMEIS ..ot bbbttt be e ne e 93
4.3.2. EXPErimental dESIGN.......cccoiiiiieiiinieeee e 9
4.3.3. Sacrifice, sample collections, and blood processing..........cccceeveeeeeseesiesieeseennn. 9
4.3.4. BiochemiCal MEaSUreMENTS.........cccuiiiiieiieiesee e 95
4.3.5, StAtiStiCaAl ANAIYSIS....ccveieeieieieciese e ns 96

vii



44, RESULTS ... 96

4.4.1. Feed intake and Dody WEIGNT ..........cooiiiiiieiecic e 96
4.4.2. GENISEIN CONCENIIALIONS. .....cuiieiieirisieeieeeee ettt s sr e e sne e 96
4.4.3. Plasma lipid Profil@ ..o s 96
4.4.4. Lipid peroxidation in the plasma, liver, and muscle..........c.ccocevenineninciennne 97
4.4.5. Total Glutathione and oxidized glutathione in whole blood...............ccccveeiies 97
A.5. DISCUSSION......ooiiiiiiitestestisieeeeeetesiesteste e seeseeseeaessessessessesseasesssessessessessessessenns 97
4.6. SUMMARY ..ottt sttt et sttt ettt et b e b bt e st et e s e e e nbenbenbe e 99
4.7. REFERENGCES.........ocoi oottt st sae st st snennens 100
(O o N I SRS 118
5.0, ABSTRACT ...ttt bbbttt b e be st e benre s 118
5.2. INTRODUCTION . ....cctiiitieiieieiesie e se e eeeesae e ssesse e sesseesesssessessessessessens 119
5.3. MATERIALS AND METHODS. .......cooi it 123
5.3 L. SUDJECES ..t 123
5.3.2. EXEICISE PrOtOCOL.....ccueiiuieiieiesiee ettt sttt s sbe e e 123
5.3.3. SAMPIE COHECLION. ......cceeeieie e 124
5.3.4. Biochemical MeasUremMENtS..........coviieerierienie e 125
5.3.5. Statistical @NalYSES ......c.cceiuiiiiieiere s 127
B4, RESULTS...oeieee ettt sttt sttt e sbenbenbenreas 127
5.5. DISCUSSION.....ccoiiiiiiiieeiieieeieeesiestesestestessesseseesaessessessessessessessesssssssssessessessessens 129
5.6. CONCLUSIONS ... .ottt sttt s saeaesaestesnennennens 134
5.7. REFERENCES.........ooi ittt sttt st sbenne s 135
CHAPTER Bttt sttt ettt et et st eebeeseeseene e e esessenbesseenennens 165
6.1, ABSTRACT ..ottt sttt b ettt b e b b ne e 165
6.2. INTRODUGCTION.....ctiiiieieiesiesie sttt sttt seesteseessessesne e 166
6.3. MATERIALS AND METHODS.......ccooiiieieieerene e 170
B.3. 1. SUDJECES ...ttt sttt e et e b nae s 170
6.3.2. Study design, dietary intervention, and study timeline...........cccccoveveveeiecnenee. 170
6.3.3. Peak oxygen consumption and submaximal eXercise.........cccocvvvvveerereenneenn. 172
6.3.4. SAMPIE COHECHION......cceeeeieeceecte e 174
6.3.5. Biochemical measurements (the same methods as in chapter 5)...........ccce.... 175
6.3.6. SLALISHCA ANAIYSES......couiiiiiiiiise et 178
B.4. RESULTS ... .ottt st sttt ettt e b b se e e e e e ntesaenbenseene e 179
6.4.1. Nutrient intake and plasma iSoflavones ... rinireneceeeeee e 179

viii



6.4.2. Exercise intensities of initial and final submaximal exercises.........ccoeeeeeune... 179

6.4.3. Exercise effect on biomarkers of oxidative Stress........coccvveevveceveenesieseenn, 179
6.4.4. The effect of isoflavone supplementation.............ccccevveveiieerisceceesece e, 180

T B T O 0 S | 182
6.6. CONCLUSIONS ..ottt esaesneene e 189
6.7. REFERENGCES........cct ittt sttt s nne e 190

(O o N I SRS 240
CONGCLUSIONS....... ottt st b e bttt ettt et e b b ens 240
(O o N el I O S PTORRR 244
FUTURE STUDIES. ... .ottt ettt e tee s e et e et e e e s nne e snnne s 244
APPENDICES ...ttt sttt ettt et et e ne e 246
APPENDIX A ettt aba e e e e naae e e e nnrreeenaans 246
Progressive Exercise Test (VO2pk test) on Cycle Ergometer (Method) ...........cc......... 246
APPENDIX Bttt sttt st et s e se et nte st nnennenneas 248
Eighty Percent VO pk Exercise on Cycle Ergometer (Method)..........cccevevencriennene 248
APPENDIX € ..ottt sttt sttt bbbt e et et e b nre s 249
Total Glutathione and Oxidized Glutathione Analysesin Blood (Methaod)................ 249

N e = A0 5 G 5 RS 251
Ascorbic Acid and Dehydroascorbic Acid Analysesin Human Plasma .................... 251

N A1 5 G PRSP 253
LDL Separation from Plasma (Method) ..........cccooevieieciiseee e 253
APPENDIX F..oeese ettt s et st e b s e st e e e e e sennenbesnennennens 254
Erythrocyte Superoxide Dismutase Assay (Method) ... 254

N o =N |5 G € PRSPPI 256
Erythrocyte Catalase Assay (Method) .........cceoiiiiiniineee e 256

N A0 5 G o RS 257
Erythrocyte Glutathione Peroxidase Assay (Method) ..........ccoeeeveeieciecicce e, 257
N e N 5 5 G PR 259
Plasma Genistein and Daidzein Assay (Method).........ccccevveievieveeiecese e 259
APPENDIX J ..ottt sttt sttt b e se sttt e st nnennenreas 261
Malondialdehyde by TBARS-HPLC Assay (Method).........cccoerirenininieeesie e 261
APPENDIX K oottt sttt ettt bbb bt e bbb nae b nne s 263
Ferric Reducing/Antioxidant Ability of Plasma (FRAP) (Method)..........ccccvcevenns 263

N e = A1 5 RS 265



Hematocrit (MEthod)..........ooviiieeee e e 265

APPENDIX M ettt sttt st e e e s abe e e e e nnae e e s nnrre e e e e 266
Protein Assay-Sigma 5656 (St. Louis, MO) (Method) ..........ccceeeverienieneeie e, 266

F N o N0 G SRS 267
Total Hemoglobin-Sigma 525A (St. Louis, MO) (Method) ........cccceevveeinnieneeiecee 267

F N o N5 G RS 268
Medical Health History Questionnaire (Subject QUESLIONNAITE)..........ccceevereereennnnns 268

N e = AN | T PR SR 272
Volunter Information (Subject QUESLIONNAITE) ........ccoeverererirere e 272
N o AN ) O RS 273
Food I ntake Form (Subject Handout, to be filled out and returned).............cc....... 273

F N | G SRS 274
How to Ccomplete Food I ntake Form (Subject Handout)............ccooeeeieienencnenene 274
o N0 T TSRS 276
Common Weights and Measures (Subject Handout) ..........ccocceeeneeieninneeneneeseene, 276

F N = A1 5 PR RR 277
Activity Diary (Subject Handout, to befilled out and returned) ..........cccccoeeeeveennn. 277
APPENDIX Uittt e e s s b e e s e s e e e e snnrre e e e e 278
Foods to Avoid (Subject Handout)..........cccueeeeieeieeieeie e 278
APPENDIX W .ttt ettt s et e s nnena e nsenne s 280
Compliance Survey (Subject QUESHIONNAITE) .........cccoververrerererereeeeee e 280

F N 1 G RS 281
0 PRI 281
CURRICULM VITA ettt sttt sttt st nesae e ne st s 285



LIST OF TABLES

TABLE 3.1. GENISTEIN CONCENTRATIONSIN PLASMA, LIVER, AND GASTROCNEMIUS MUSCLE IN
TABLE 3.2. MEAN LIVER CONCENTRATION OF MALONDIALDEHYDE BY DIETARY SUPPLEMENT
TABLE 3.3. MALONDIALDEHYDE (MDA) CONCENTRATIONSIN THE GASTROCNEMIUS

Y TV o I =PRI 83
TABLE 3.4. THE ACTIVITIES OF SUPEROXIDE DISMUTASE (SOD) IN RBC IN RATS............... 85
TABLE3.5. THE ACTIVITY OF CATALASEINRBC......iviiiiiiiiiiiit e e e 87
TABLE3.6. THE ACTIVITY OF GLUTATHIONE PEROXIDASE (GPX) INRBC..........0vvvvennnnnnn. 89
TABLE4.1. THE COMPOSITION OF THEO PPM DIET.....uvvvivvieeieeeeeiieiiiieieeeeeeeeenenn 105
TABLE4.2. THE COMPOSITION OF ISOFLAVONE EXTRACT USED IN HGI DIET................... 106
TABLE4.3. GENISTEIN IN TISSUESAFTER FIVE WEEKS OF HGI SUPPLEMENTATION............ 107

TABLE4.4. LIPID PROFILESIN PLA SMA AFTER FIVE WEEKS OF HGI SUPPLEMENTATION......109
TABLE4.5. PLASMA MDA MEASURED BY HPLC AFTER FIVE WEEKS OF HGI
TABLE4.6. MDA CONCENTRATIONSIN THE LIVER, AND GASTROCNEMIUS MUSCLE IN RATS

TABLE4.7. GLUTATHIONE, TOTAL GLUTATHIONE, AND OXIDIZED GLUTATHIONE

CONCENTRATIONS IN WHOLE BLOOD AFTER 5-WEEK HGI SUPPLEMENTATION®...... ... 115
TABLES.1. SUBJECT CHARACTERISTICSAND DIETARY INTAKE. .. .tuitiiiitieeeieinnienaneens 153
TABLES.2. ACTIVITIESOF ANTIOXIDANT ENZYMESIN RED BLOOD CELLS.......ccvvvnennnn ... 154

TABLES.3. GLUTATHIONE CONCENTRATIONSAND GSH/TGSH RATIO IN WHOLE BLOOD156

TABLES.4. ASCORBIC ACID AND URIC ACID CONCENTRATIONS, AND FRAP VALUEIN

PL A S A i e e e 159
TABLES.5. MALONDIALDEHYDE CONCENTRATIONS IN PLASMAAND LDL*................... 162
TABLEG.1. CHARACTERISTICSOF SUBJECTS. ..t tu vt teiinveeeneiennessneinnesenennnneseneennnen i 202
TABLEG6.2. DIETARY INTAKE BEFORE TWO BOUTS OF SUBMAXIMAL EXERCISE................ 203

TABLE6.3. IN VIVOPLASMA MDA IN SUBJECTS BEFORE AND AFTER SUPPLEMENTATION?...204

Xi



TABLE6.4. INVIVOLDL-MDA IN SUBJECTSBEFORE AND AFTER SUPPLEMENTATION®.......

TABLE6.5. EX VIvO LDL-MDA IN SUBJECTS BEFORE AND AFTER SUPPLEMENTATION®

TABLE6.6. BLOOD TGSH IN SUBJECTS BEFORE AND AFTER SUPPLEMENTATION? ... .......
TABLE6.7. BLOOD GSH IN SUBJECTS BEFORE AND AFTER SUPPLEMENTATION®...........
TABLE6.8. BLOOD GSSG IN SUBJECTS BEFORE AND AFTER SUPPLEMENTATION..........

TABLE6.9. BLOOD GSH/TGSH RATIO IN SUBJECTS BEFORE AND AFTER

TABLE6.10. PLASMA ASCORBICACID IN SUBJECTS BEFORE AND AFTER

TABLEG6.11. PLASMA TOTAL ASCORBICACID IN SUBJECTS BEFORE AND AFTER

TABLE6.12. PLASMA AA/TAA RATIO IN SUBJECTS BEFORE AND AFTER

TABLE6.13. PLASMA URICACID IN SUBJECTS BEFORE AND AFTER SUPPLEMENTATION™.....
TABLE6.14. PLASMA FRAP IN SUBJECTS BEFORE AND AFTER SUPPLEMENTATION®... ...

TABLE6.15. ERYTHROCYTE SOD ACTIVITY IN SUBJECTS BEFORE AND AFTER

TABLE6.16. ERYTHROCYTE GPX ACTIVITY IN SUBJECTS BEFORE AND AFTER

SUPPLEMENTATION . et e e,

TABLE6.17. ERYTHROCYTE CAT ACTIVITY IN SUBJECTS BEFORE AND AFTER

SUPPLEMENTATION . ettt e e e e e e,

Xii

221

.223

.235

237



TABLE OF FIGURES

FIGURE 2.1. STEPS IN FORMATION OF ATHEROSCLEROTIC PLAQUE IN VIVO. SMC, SMOOTH
IMUSCLE CELL. 1.veuteuteteiteseeseesesteseesessesseseasessessesessessessasessessessasessesssssssessesessessensesessessensesessenss 6
FIGURE 2.2. SKELETONS OF CLASSICAL ISOFLAVONES, DAIDZEIN AND GENISTEN. ....cccccveveneene 25
FIGURE 3.1. GENISTEIN CONCENTRATIONS IN PLASMA, LIVER, AND GASTROCNEMIUS MUSCLE IN
RATS. MEANS FOLLOWED BY THE SAME SUPERSCRIPT WERE NOT SIGNIFICANTLY
DIFFERENT AT THE 0.05 LEVEL OF SIGNIFICANCE EXPERIMENTWISE, USING A STUDENT'ST-
=251 SRR PER SRRSO 80
FIGURE 3.2. MEAN LIVER CONCENTRATION OF MALONDIALDEHYDE BY DIETARY SUPPLEMENT
AND EXERCISE. MEANS FOLLOWED BY THESAME SUPERSCRIPT WERE NOT SIGNIFICANTLY
DIFFERENT AT THE 0.05 LEVEL OF SIGNIFICANCE EXPERIMENTWISE (TUKEY'S HSD,
SOKAL AND ROHLF, 1995). EXERCISE EFFECT WAS SIGNIFICANT, P=0.008..................... 82
FIGURE 3.3. MALONDIALDEHYDE (MDA) CONCENTRATIONS IN THE GASTROCNEMIUS MUSCLE.
THERE WASA STATISTICAL DIFFERENCE DUE TODIETS (P =0.044). .....ocevvevirereieeciene 84
FIGURE 3.4. THE ACTIVITIES OF SUPEROXIDE DISMUTASE (SOD) IN RBC IN RATS. MEANS
FOLLOWED BY THE SAME SUPERSCRIPT WERE NOT SIGNIFICANTLY DIFFERENT AT THE 0.05
LEVEL OF SIGNIFICANCE EXPERIMENTWISE (TUKEY’S HSD, SOKAL AND ROHLF, 1995)..86
FIGURE 3.5. THE ACTIVITY OF CATALASE IN RBC. MEANS FOLLOWED BY THE SAME
SUPERSCRIPT WERE NOT SIGNIFICANTLY DIFFERENT AT THE 0.05 LEVEL OF SIGNIFICANCE
EXPERIMENTWISE (TUKEY'S HSD, SOKAL AND ROHLF, 1995). ......ccovvieieeieceecieee e 88
FIGURE 3.6. THE ACTIVITY OF GLUTATHIONE PEROXIDASE (GPX) IN RBC. MEANS FOLLOWED
BY THE SAME SUPERSCRIPT WERE NOT SIGNIFICANTLY DIFFERENT AT THE 0.05 LEVEL OF
SIGNIFICANCE EXPERIMENTWISE (TUKEY'S HSD, SOKAL AND ROHLF, 1995). ................. 90
FIGURE4.1. GENISTEIN IN TISSUESAFTER FIVE WEEKS OF HGI SUPPLEMENTATION. MEANSIN
THE SAME TISSUE WITH THE DIFFERENT LETTERS WERE SIGNIFICANTLY DIFFERENT (P<.05),
USING TUKEY’SHSD (SOKAL AND ROHLF, 1995). ......cccciviiiiienieeiesieesiesee s see e 108

Xiii



FIGURE 4.2. LIPID PROFILES IN PLASMA AFTER FIVE WEEKS OF HGI SUPPLEMENTATION.
MEANS IN THE SAME MEA SUREMENT WITH THE DIFFERENT LETTERS WERE SIGNIFICANTLY
DIFFERENT (P<.05), USING TUKEY'S HSD (SOKAL AND ROHLF, 1995). .......cccccveverrennee. 110

FIGURE 4.3. THE DIFFERENCE OF PLA SMA MDA BETWEEN WEEK O AND 5. MEANSWITH THE
DIFFERENT LETTERS WERE SIGNIFICANTLY DIFFERENT (P<.05), USING TUKEY'S HSD
(SOKAL AND ROHLF, 1995)......ciiiiiiiiisieeie e siee et sae s sbe et s s nne e sne e 112

FIGURE 4.4. MDA CONCENTRATIONS IN THE LIVER, AND GASTROCNEMIUS MUSCLE IN RATS
FED HGI DIET. MEANS IN THE SAME TISSUE WITH THE DIFFERENT LETTERS WERE
SIGNIFICANTLY DIFFERENT (P<.05), USING TUKEY’S HSD (SOKAL AND ROHLF, 1995).114

FIGURE 4.5. GLUTATHIONE, TOTAL GLUTATHIONE, AND OXIDIZED GLUTATHIONE
CONCENTRATIONS IN WHOLE BLOOD AFTER 5-WEEK HGI SUPPLEMENTATION. MEANSIN
THE SAME MEASUREMENT WITH THE DIFFERENT LETTER WERE SIGNIFICANTLY DIFFERENT
(P<.05), USING TUKEY’S HSD (SOKAL AND ROHLF, 1995). .......cccoiririreeieniesesie e 116

FIGURE 4.6. THE RATIOS OF GSH/TGSH AND GSH/GSSG. MEANS IN THE SAME
MEASUREMENT WITH THE DIFFERENT LETTER WERE SIGNIFICANTLY DIFFERENT (P<.05),
USING TUKEY’SHSD (SOKAL AND ROHLF, 1995). ......cccciiiiiiieerieeiesieesie e see e see e 117

FIGURE5.1. ACTIVITIES OF ANTIOXIDANT ENZYMESIN RED BLOOD CELLS. SOD, U/GHB; GPX,
MMoL/s/IMG HB; CAT, UMG HB. MEANS IN THE SAME MEASUREMENT WITH THE
DIFFERENT LETTER WERE SIGNIFICANTLY DIFFERENT (P<.05), USING PAIRED T-TEST....155

FIGURE 5.2. GLUTATHIONE HOMEOSTASS IN WHOLE BLOOD. MEANS IN THE SAME
MEASUREMENT WITH THE DIFFERENT LETTER WERE SIGNIFICANTLY DIFFERENT (P<.05),
USING PAIRED T=TEST. ..utettiteietietesseeesestessesessessesssssssessessssessensesessessessssessssessssessessssessenes 157

FIGURE5.3. GLUTATHIONE RATIOS. MEANSIN THE SAME MEA SUREMENT WITH THE DIFFERENT
LETTER WERE SIGNIFICANTLY DIFFERENT (P<.05), USING PAIRED T-TEST......ccccervreernenn. 158

FIGURE 5.4. ASCORBIC ACID AND TOTAL ASCORBIC ACID CONCENTRATIONS IN PLASMA AND
AA/TAA RATIO. A PAIRED T-TEST WASAPPLIED TO TEST THE SIGNIFICANCE OF CHANGES
OF ALL MEASURED PARAMETERS DUE TO EXERCISE. ....ucovtiteierestesieesseseeseeessesseensessesens 159

FIGURE 5.5. URIC ACID CONCENTRATION IN PLASMA AND FRAP VALUE URIC ACID,
MICROGRAM/ML; FRAP, uM. MEANS IN THE SAME MEASUREMENT WITH THE DIFFERENT
LETTER WERE SIGNIFICANTLY DIFFERENT (P<.05), USING PAIRED T-TEST......ccoservrrereenes 161

Xiv



FIGURE 5.6. IN VIVO MALONDIALDEHYDE CONCENTRATIONS IN PLASMA AND LDL. MEANSIN
THE SAME MEASUREMENT WITH THE DIFFERENT LETTER WERE SIGNIFICANTLY DIFFERENT
(P<.05), USING PAIRED T-TEST. ...ttetttetesteetesseesseessesseesseessssssssseessesssssseessessesssesssessssseenses 163

FIGURE 5.7. INVITRO LDL-MDA. MEANS WITH THE DIFFERENT LETTER WERE SIGNIFICANTLY
DIFFERENT (P<.05), USING PAIRED T-TEST. ..ueestterteeeesreessessessseesseseesseessessesssesssesssssseenses 164

FIGURE 6.1. TIME OF THE STUDY....eveutettsteeesesteseesessessesessessessessssassessssessessesessessessssessessssessenss 172

FIGURE 6.2. PLASMA MDA. MEANS WITH DIFFERENT LETTERS WERE SIGNIFICANTLY
DIFFERENT, P<O.05. ... .ottt st rennenes 205

FIGURE 6.3. THE DIFFERENCE OF PLA SMA MDA BETWEEN PRE- AND POST-EXERCISE MEANS
WITH DIFFERENT LETTERS WERE SIGNIFICANTLY DIFFERENT, P<0.05. .......cccovvvieririnnnns 206

FIGURE 6.4. LDL MALONDIALDEHYDE IN SUBJECTS BEFORE AND AFTER
SUPPLEMENTATION ... 4t ettt et ettt ieteiesenene senanesentnesennneeennnesnnnessnnneeensnesen. 208

FIGURE 6.5. INVITRO LDL-MDA IN SUBJECTS BEFORE AND AFTER SUPPLEMENTATION. ........ 210

FIGURE 6.6. TOTAL GLUTATHIONE CONCENTRATION IN WHOLE BLOOD. MEANS WITH
DIFFERENT LETTERS WERE SIGNIFICANTLY DIFFERENT, P<0.05. ......cccovvieieiieeecieene 212

FIGURE 6.7. THE DIFFERENCE OF TOTAL GLUTATHIONE BETWEEN PRE- AND POST-EXERCISE
MEANSWITH DIFFERENT LETTERS WERE SIGNIFICANTLY DIFFERENT, USING TUKEY'S HSD
PROCEDURE (SALL ET AL., 2001), P<O.05. .....coiieiieiesieie e seere e 213

FIGURE 6.8. GLUTATHIONE CONCENTRATION IN WHOLE BLOOD. MEANS WITH DIFFERENT
LETTERSWERE SIGNIFICANTLY DIFFERENT, P<0.05. .......c.coooivieiiieceee e 215

FIGURE 6.9. THE DIFFERENCE OF GLUTATHIONE IN WHOLE BLOOD BETWEEN PRE- AND POST-
EXERCISE MEANS WITH DIFFERENT LETTERS WERE SIGNIFICANTLY DIFFERENT, USING
TUKEY’S HSD PROCEDURE (SALL ET AL., 2001), P<0O.05........cccccveieeeeiieie e 216

FIGURE 6.10. OXIDIZED GLUTATHIONE IN WHOLE BLOOD. MEANS WITH DIFFERENT LETTERS
WERE SIGNIFICANTLY DIFFERENT, P<O.05. ....oitiieieiierieiee et 218

FIGURE 6.11. GSH/TGSH RATIO IN WHOLE BLOOD. MEANSWITH DIFFERENT LETTERS WERE
SIGNIFICANTLY DIFFERENT, P<O.05. ....ooieiiiiiiieieie e 220

FIGURE 6.12. RLASMA ASCORBIC ACID IN SUBJECTS BEFORE AND AFTER SUPPLEMENTATION.
MEANS IN THE SAME DIET WITH DIFFERENT LETTERS WERE SIGNIFICANTLY DIFFERENT,
a0 03 TSSOSO 222

XV



FIGURE 6.13. PLASMA TOTAL ASCORBIC ACID IN SUBJECTS BEFORE AND AFTER
SUPPLEMENTATION. MEANS IN THE SAME DIET WITH DIFFERENT LETTERS WERE
SIGNIFICANTLY DIFFERENT, P<O.05. .....oiiiiiiiiciieetee it 224

FIGURE 6.14. PLASMA AA/TAA RATIO IN SUBJECTS BEFORE AND AFTER SUPPLEMENTATION.....

FIGURE 6.15. URIC ACID CONCENTRATION IN PLASMA ......couiiruireiieerieseesesiessesesessesessesseseeneas 228
FIGURE 6.16. RLASMA FRAP IN SUBJECTS BEFORE AND AFTER SUPPLEMENTATION. MEANS
WITH DIFFERENT LETTERS WERE SIGNIFICANTLY DIFFERENT, P<0.05. ......ccoeiiericcnen. 230
FIGURE 6.17. THE DIFFERENCE OF PLA SMA FRAP BETWEEN PRE- AND POST-EXERCISE MEANS
WITH DIFFERENT LETTERS WERE SIGNIFICANTLY DIFFERENT, USING TUKEY'S HSD
PROCEDURE (SALL ET AL., 2001), P<O.05. .....coiiieiieiesieie e 231
FIGURE6.18. SUPEROXIDE DISMUTASE ACTIVITY IN ERYTHROCYTES. MEANSWITH DIFFERENT
LETTERSWERE SIGNIFICANTLY DIFFERENT, P<0.05. ..ot 233
FIGURE 6.19. THE DIFFERENCE OF SOD ACTIVITY IN ERYTHROCYTES BETWEEN PRE- AND
POST-EXERCISE. ....uciteteueeuerteeeuesseseeessessessssessessesessessessesessessensesessesseseesessenseseseessesessessanes 234
FIGURE 6.20. GLUTATHIONE PEROXIDASE ACTIVITY IN ERYTHROCYTES IN SUBJECTS BEFORE
AND AFTER SUPPLEMENTATION. ....vcutettrueteuessesteessessessssesseseesessessessesessessessssessesessessessenens 236
FIGURE 6.21. THE DIFFERENCE OF GLUATHIONE PEROXIDASE ACTIVITY BETWEEN PRE- AND
POST-EXERCISE MEANS WITH DIFFERENT LETTERS WERE SIGNIFICANTLY DIFFERENT,
USING TUKEY’S HSD PROCEDURE (SALL ET AL., 2001), P<Q.05. ......cccoeiveriiniirinierienne 237
FIGURE 6.22. CATALASE ACTIVITY IN ERYTHROCYTES IN SUBJECTS BEFORE AND AFTER

SUPPLEMENTATION. Liuiiiiiiiiiii s s s s e e e n e s e e s e ees 239

XVi



ABBREVIATIONSUSED IN THE DISSERTATION

AA, ascorbic acid; AIN, American institute of nutrition; CAT, catdase; DHAA,
dehydroascorbic acid; diff, difference as post-ex minus pre-ex; DM SO, dimethylsulfoxide;
ELISA, enzyme-linked immunosorbent assay; FRAP, ferric reducing/antioxidant power;
GPx, glutathione peroxidase; GR, glutathione reductase; GSH, glutathione; GSSG, oxidized
glutathione; HGI, high-genistin isoflavone extract; HO-, hydrogen peroxide; HPLC, high
performance liquid chromatography; LDL, low-density lipoprotein; MDA, malondialdehyde;
MPO, myeloperoxidase; O,", superoxide; post-ex, post-exercise; pre-ex, pre-exercise; RBC,
red blood cels, ROS, reactive oxygen species, SE, standard error; SOD, superoxide
dismutase; SMC, smooth muscle cell; TAA, total ascorbic acid; TBA, thiobarbituric acid;
TBARS, thiobarbituric acid reactive substances, TGSH, total glutathione; UA, uric acid; and

VO_pk, peak oxygen corsumption.
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PRELUDE

This dissertation is written in manuscript format where chapters 26 are complete
papers each in its own right. Some redundancies are therefore inevitable, especialy so in the

introduction sections of closely topic related chapters.
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