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ABSTRACT

This study was conducted in order to investigate the association between hypertension and oxidative stress-related
parameters and to evaluate these parameters in subclinical hypertensive patients and normotensive subjects living in
Korea. We attempted to determine whether oxidative stress-related parameters would differ between two groups of 227
newly-diagnosed, untreated (systolic blood pressure (BP) > 130 mmHg and diastolic BP > 85 mmHg) and 130 nor-
motensive subjects (systolic BP < 120 mmHg and diastolic BP < 80 mmHg). General characteristics of the subjects
were collected using a simple questionnaire. From subjects’ blood, degree of DNA damage in lymphocytes, the activities
of erythrocyte superoxide dismutase, catalase, and glutathione peroxidase, level of plasma total radical-trapping anti-
oxidant potential (TRAP), glutathione, and anti-oxidative vitamins, as well as plasma lipid profiles and conjugated diene
(CD) were analyzed. Evaluation of the associations of oxidative stress-related parameters with blood pressure of the
subjects was performed using Pearson partial correlation and multivariate logistic regression analysis after adjusting
for confounding factors. Several oxidative stress-related parameters were higher in subclinical hypertensive patients than
in normotensive subjects. Plasma levels of a-tocopherol, B-carotene, TRAP, and activity of GSH-px were significantly
lower in subclinical hypertensive patients than in normotensive subjects. Increased levels of DNA damage, lipid peroxi-
dation, triglyceride, total cholesterol, and LDL-cholesterol were observed in subclinical hypertensive patients. These re-
sults confirm an association between blood pressure and oxidative stress-related parameters and suggest that the patho-
genic role of oxidative stress in hypertension might be significant. (Korean J Nutr 2013; 46(2): 126 ~ 136)
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o HAgS 5kl A1A (TBF 202, Tanita, Japan)=
A1%S 243%E & Inbody 720 (Bio-electrical Impedance
Fatness Analyzer, (F)HIO] 2 AH|0] A Korea) ©]-8-519]
A% body mass index (BMI), body fat (%), waist-hip ratio
(WHR)E 53tk
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hAIAE2] EAF ascorbic acide AR P AL} o] 2 4-di-
nitrophenylhydrazine method®l] 2J3] UV/VIS spectropho-
tometer® A1} cE %42 metaphosphoric acid® #|2]
sho] TS A AIZ|AL ascorbic acidE SHYSHAIF T
Ascorbic acid:= copper-sulfate® %251 dehydroascorbic
acid2 AFg}E ¥ diketogluconic acid2 7FHpE3)E ) o=
2A-dinitrophenylhydrazine 2 = #2|5hH oFAsF A&
9] osazone®] A& =t|| ©]71S UV/VIS spectrophotometer
2 520 nmollA Z7sto] B4 ascorbic acid®] FE=E &4
shoiet.

JARE2] 84 a-tocopherol, y-tocopherol ¥ carot-
enoids (a-carotene, B-carotene) =3=-> HH "o A} Zho]
ethanol@ THH2-& A|#|5l1 n-hexane 2 & A %3+
5 rotary evaporator® hexanes 5%A]7]1, mobile phase
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9] calibration curves ©|-8§5to] Al4kslel.om TEAC (Trolox
Equivalent Antioxidant Capacity, mM)Z ZF&s}FTh

HM& Glutathione &2 2M
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0) %2 A%% (Elimination & Catalase)>-2 SIEMENS
Healthcare Diagnostics (Germany) A|2FS ©]-&3}4] Auto-
matic Chemistry Analyzer (ADVIA 2400, SIEMENS Health-

care Diagnostics, Germany)= £4]8}%c},

LDLE] conjugated diene (CD) ¥4

CD&= Ao wHibe} o= A7l A 2dolth 8%
LDL?| CD 42 &% (1 mg/mL EDTA)]| trisoduim ci-
trate buffer (pH 5.05, 5N HCI, 5,000 IU/L heparin)& &
LDL2 A#A]7]3L Na-phosphate buffer (pH 7.4, 0.9% NaCl)
& 1291 & chloroform : methanol (2 : 1) 3 mLE #7}8laL
FHTE 1 mL ¥ 3 284 FE9 H5}e] rotary evap-
orator2 ZWA|7] 1L cyclohexane 1 mLZ =<1 & UV/VIS

spectrophotometer® 234 nmol| A &%35}%c}

Xtz ol SAIXMz2|

HE ZHE= MSAF] Excel database system= ©]-85}o] ¢
3t & statistical package for social science (SPSS-PC+,
version 19.0)5 ©]-8-5to] FA A 313t 7+ &Fof whet
& HitA| £ F22A} SE)E oFaL 7 o 1k Bt
219] 21442 Student’s t-test= A5IATE U AFSpA
EfA v A3Eake] #aAdS goliE ] ffal AW, tol,
A% (kg), AALE @), BMI, WHR 59| wztadls 243t

3= 4 9F 8} 3] %] (Korean J Nutr) 2013; 46(2): 126 ~ 136 / 129

g Bajsiglon], naEte] majulel Aot
wETO] PAS 17|98 ZA|AE BHE
o] 1 =S WAHH] (Odds Ratio)= At

Al

=
Aot E FAR Fod H52 0 =005 =202 519
74 El‘

A CHAIRE YEAFR

AT hgARe] UbAR2 Table 13 2k tiAk=} 3577
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Table 1. General characteristics of the subjects

Normotensive Hypertensive
Variables subjects patients
(n = 130) (n = 227)
Age, yrs (range) 40.6 +0.6" 41.9+0.6
(24-59) (26-63)

Gender

Male, n (%) 100 (76.9) 182 (80.2)

Female, n (%) 30 (23.1) 45(19.8)
Height, cm 169.2+0.7 169.3+0.5
Body weight, kg 658+ 0.8 732+ 0.7
Body fat, % 21.5+0.5 24.8 +0.4™"
BMI, kg/m* 23.2+0.4 25.4 + 0.2
Waist-hip ratio 0.86+0.003  0.89 +0.003"**
SBP?, mmHg 1120+0.5 142.2 + 0.6™*
DBP®, mmHg 67.4+0.5 83.4+0.5™*
Smoking habits

Smoker, n (%) 42(32.3) 68 (30.0)

Cigarettes/day 15.1+1.0 16.7 £1.2

Smoking years 202+1.2 16.7 +1.0°

Pack-years” 14.4+1.6 13.8+ 1.7
Drinking habits

Drinkers, n (%) 99 (76.2) 183 (80.6)

ml/day 22.1£39 26.1£2.6
Exercise habits

Regular exercisers, n (%) 84 (64.6) 148 (65.2)

Exercise time, min/day 286+ 1.9 31.8+£20

1) All values are Means +S.E. 2) SBP: systolic blood pressure  3)
DBP: diastolic blood pressure 4) Pack-years = (Cigarettes
smoked/day x years smoked)/20

* p <0.05, *+x: p<0.001
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Table 2. Plasma levels of antioxidant vitamins, glutathione and
TRAP in the normal and hypertensive subjects

Normotensive Hypertensive

Variables subjects patients
(n=130) (n =227)

Vitamin C (mg/dL) 1.18 +0.03" 1.21 £0.02
a-tocopherol (ug/dL) 1,717.2 £ 80.7 808.5 + 36.1***
y-tocopherol (ug/dL) 109.0+11.4 135.8+10.5
a-carotene (ug/dL) 780198 85.9+9.0
B-carotene (ug/dL) 158.6 +17.5 113.0 + 9.2
TRAP? (mM) 1.469 + 0.002 1.459 + 0.002"***
Glutathione (uM) 462.5+ 5.9 517.7 +8.7"*

1) All values are Means +S.E.  2) TRAP: total radical-trapping
antioxidant potential

# p<0.05, #++: p<0.00]

ERgh (p < 0.01, p < 0.001).

IO BRI} HAZO| B KT 2E H|T
opaRte] BAF 44 7S ulmek Asks Table 59 2k

28 TR EF triglyceride (TG), total cholesterol
(TC), LDL-C =22 AAftol gl fFold oz =9rom
(p < 0.001), 4 HDL-C 422 7  7bo]l 2ol HolX]
gt @A of| A LDL A =5 YEFY+= CD (conjugated
diene)4>Z% Aol vl 1EY R} Lol FojH oz
=T (p < 0.001).

ST MIIAER|A 2 X|HS ZHo| At

A i dAke] Edat ARtA B A B X mEate] At
AE A, ol A5 (ke), AALE %), BMI, WHR 52|
WEQRNE HARE & HAHA R A 2 A= Table 6
3} 2}, i Adzke] @4 o-tocopherold} TRAP 42552 =57
9 o]el7] def mFet qo] AHHAIE HloH (p < 0.05),
% glutathione & 5719} o|97] E9F H9} A9
AHAIE BT (b < 001). =571 9 olelr] dotat 4k

Table 4. Levels of lymphocyte DNA damage in the normal and
hypertensive subjects

Normotensive Hypertensive
Variables subjects patients
(n = 130) (n =227)
Tail DNA (TD)" (%) 6.84 +0.09” 7.22 +0.09**
Tail Length (TL)" (um) 627 +1.5 727 1.7
Tail moment (TM)" 5.53+0.17 6.79 £0.22"*

1) Measured with the comet assay 2) All values are Means +
S.E.
. p < 0.01, #**: p < 0.001

Table 5. Plasma lipid profiles and conjugated diene in the nor-
mal and hypertensive subjects

Normotensive Hypertensive
Variables subjects patients
(n=130) (n=227)
Triglyceride (mg/dL) 115.6 +5.6" 150.1 + 5.2***
Total cholesterol (mg/dL) 181.3+2.6 198.5 + 2.2°**
HDL cholesterol (mg/dL) 50.1 +1.0 492 +0.7
LDL cholesterol (mg/dL) 108.9 2.6 126.6 + 3.4
Conjugated diene 36.0+0.8 53.4 +0.9™*

(CD)(u mol/L)

1) All values are Means = S.E.
w52 p<0.00]

Table 3. Activity of erythrocyte antioxidant enzymes in the normal and hypertensive subjects

Variables

Normotensive subjects (n = 130)

Hypertensive patients (n = 227)

Catalase (k/g Hb)
Superoxide dismutase (SOD)(U/g Hb)
Glutathione peroxidase (GSH-Px)(U/g Hb)

463 +0.6" 49.1 £ 0.5
1,951.5 + 21.1 2,102.5 + 18.5™*
20.1+0.8 178 +0.7*

1) All values are Means +S.E.
*: p <0.05, *#*: p<0.001



3=+ 4 oF 8} 3] %] (Korean J Nutr) 2013; 46(2): 126 ~ 136 / 131

S} @491 285 SOD Y catalase B/ W o] Autk A St 57 EFt ojeby] ok i € FE 4|
AE 23ch (p < 0.05). DNA 48 EE B AE F TL?Jr £, LDL-Z8|&H1E 9 CD =& ARolofl A #2122 42 4
TM g2 22} ojel7] S 72217 Ao Al S B HAIE 2T (p < 0.05).
AR (p < 0.05) 571 Edtbe ARl daEAE EO] Akl A, o, A, AAYE, BMI, WHRS HAR

Table 6. Pearson'’s partial correlation coefficients between blood pressure and antioxidant-related parameters in the subjects after
adjusting age, sex, body weight, body fat, BMI and WHR

) SBP (mm Hg) DBP (mm Hg)
Variables ) >

p r p
Plasma Vitamin C NS? NS
Plasma a-tocopherol —0.436 0.000 —0.368 0.000
Plasma y-tocopherol NS NS
Plasma a-carotene NS NS
Plasma B-carotene NS NS
Plasma TRAP -0.210 0.000 -0.134 0.013
Blood glutathione 0.174 0.002 0.205 0.000
Erythrocyte catalase 0.223 0.000 0.140 0.009
Erythrocyte SOD 0.254 0.000 0.208 0.000
Erythrocyte GSH-Px NS NS
Lymphocyte tail DNA (TD)” NS NS
Lymphocyte tail Length (TL)” NS 0.127 0.017
Lymphocyte tail moment (TM)” NS 0.121 0.023
Plasma triglyceride NS NS
Plasma total cholesterol 0.133 0.013 0.157 0.003
Plasma HDL cholesterol NS NS
Plasma LDL cholesterol 0.119 0.026 0.153 0.004
Plasma conjugated diene (CD) 0.389 0.000 0.381 0.000

1) r = Pearson’s partial correlation coefficients 2) p = probability 3) Measured with the comet assay 4) NS: not significant

Table 7. )Odds ratios (95% CI) for hypertension associated with oxidative stress-related parameters: Multivariate Logistic Regression
analysis'

Variables p value Odd ratios 95% confidence Interval
Plasma Vitamin C 0.279 1.520 0.712-3.242
Plasma a-tocopherol 0.000 0.997 0.997-0.998
Plasma y-tocopherol 0.039 1.003 1.000—1.005
Plasma a-carotene 0.153 1.002 0.999-1.004
Plasma B-carotene 0.085 0.999 0.997-1.000
Plasma TRAP 0.000 0.786 0.700-0.884
Blood glutathione 0.000 1.006 1.003—-1.009
Erythrocyte catalase 0.001 1.067 1.028—-1.107
Erythrocyte SOD 0.000 1.003 1.001-1.004
Erythrocyte GSH-Px 0.041 0.974 0.950-0.999
Lymphocyte tail DNA (TD)" 0.018 1.275 1.043—1.558
Lymphocyte tail Length (TL)" 0.001 1.021 1.008—1.034
Lymphocyte tail moment (TM)" 0.002 1.184 1.066—1.316
Plasma triglyceride 0.216 1.003 0.999-1.006
Plasma total cholesterol 0.003 1.013 1.004—1.021
Plasma HDL cholesterol 0.116 1.020 0.995-1.045
Plasma LDL cholesterol 0.014 1.011 1.002—-1.019
Plasma conjugated diene (CD) 0.000 1.140 1.101-1.179

1) Values are adjusted for age, sex, body weight (kg), body fat (%), BMI (Body mass index) and WHR (Waist hip ratio)
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Table 8. Pearson’s partial correlation coefficients between lymphocyte DNA damage and antioxidant-related parameters in the
subjects after adjusting age, sex, body weight, body fat, BMI and WHR

) Tail DNA (%) Tail Moment Tail Length (um)
Variables 0 2

r p r p r p

Plasma Vitamin C NS” NS NS

Plasma a-tocopherol NS NS NS

Plasma y-tocopherol NS NS NS
Plasma a-carotene 0.216 0.000 0.219 0.000 0.217 0.000
Plasma B-carotene NS -0.113 0.038 -0.121 0.026
Blood glutathione 0.115 0.041 0.126 0.025 0.132 0.019
Erythrocyte catalase -0.168 0.002 -0.199 0.000 -0.172 0.001
Erythrocyte superoxide dismutase (SOD) NS -0.116 0.031 —-0.108 0.044

Erythrocyte glutathione peroxidase (GSH-Px) NS NS NS

Plasma triglyceride NS NS NS
Plasma total cholesterol 0.142 0.008 0.173 0.001 0.166 0.002

Plasma HDL cholesterol NS NS NS
Plasma LDL cholesterol 0.136 0.011 0.145 0.007 0.118 0.027
Plasma conjugated diene (CD) 0.170 0.001 0.195 0.000 0.218 0.000

1) r = Pearson’s correlation coefficient 2) p = probability 3) NS: noft significant at a = 0.05
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