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Effects of Smoking and Regular Physical Exercise Habits on the Status of
Plasma Lipidsoluble Antioxidant Vitamins and Ubiquinone(Coenzyme ()10)
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Department of Nutritional Science,** University of Vienna, Althanstrasse 14, A-1090, Vienna, Austria

ABSTRACT

The effects of smoking and physical exercise on the plasma concentrations of lipid-soluble antioxidants were investigated in 62
healthy males, aged 34— 65 years. Current smokers (n = 21) and ex-smokers (n = 16) had significantly lower plasma levels of
carotenoids (o-carotene, B-carotene, cryptoxanthin and lycopene), o-tocopherol and y-tocopherol than non-smokers (n = 25).
Plasma concentrations of retinol and ubiquinone (coenzyme Q10) were lower among ex-smokers and current smokers than among
non-smokers, but the differences were not statistically significant. Regular physical exercise was associated with increased plasma
levels of lipid-soluble antioxidants. Plasma concentrations of eryptoxanthin, retinol and ubiquinone were significantly elevated in the
group engaging in moderate amounts of exercise (more than 20 minures per day) compared to the group engaging in small
amounts of exercise (less than 10 minutes per day). Plasma a-carotene, B-carotene, lycopene levels in the subjects were affected
more by smoking than by exercise. However, plasma levels of cryptoxanthin, retinol and ubiquinone in the subjects were affected
more by exercise than by smoking. These findings suggest that smoking may cause a decrease in plasma lipid-soluble antioxidants
during neutralization of reactive oxygen species present in cigarette smoke and that poor exercise habits may accelerate this
imbalance of oxidant/antioxidant homeostasis in middle-aged Korean men. (Korean J Nutrition 33(2) : 158--166, 2000)

KEY WORDS: smoking, regular exercise, middle-aged, plasma antioxidants, o-carotene, B-carotene, cryptoxanthin, lycopene, o-
tocopherol, y-tocopheroal, retinol, ubiquinone, coenzyme Q10.
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Table 1. HPLC apparatus and conditions for retinol, carotenoids, to-
copherols and ubiquinone

HPLC-precolumn  Merck, LiChrospher 100 RP-18(10pm) 4 % 4mm

HPLC-column Merck, LiChrospher 100 RP-18(10pm) 250 X 4mm
Pump Gynkotek High Precision Pump Model 300 C
~ Flow rate: 0.8ml/min, Pressure: 35 — 40 bar
Detector Linear Uvis 204
—Wave lengths: 325 nm for retinol
295nm for tocopherol
450nm for carotenoids
270nm for ubiguinone
(coenzyme Q 10)
Integrator Merck-Hitachi L-7500 Chromato-Integrator
- Running time:' 35 min
Mabile phase  Methanol/Dichloromethane = 85 : 15(v/A)
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Table 2. Demographic characteristics of Korean male smokers and nonsmokers”

Nonsmokers Exsmokers Smokers

N 25 16 21
Agelyears) 48.4 + 1.6°(34-65) 51.8 -+ 1.6®40-65) 55.4 + 1.6°38-65)
Height(cm) 1714+ 0.9° 1708 £ 1.7° 1685 £ 1.3°
Weight(kg) 70.7 = 2.0° 68.4 + 2.7 65.5 + 1.3
BMI 240+ 0.6 234+ 0.7 231+ 04°
Smoking habits”

Cigarettes smoked/day - - 124+ 14

Years smoked - - 159415

Pack years® - - 102+ 1.9
Alcohol(%drinker) 40.0 62.5 76.2

1) Mean = S5EM: values within each row not sharing a common superscript letter are statistically different at p < 0.05(one-way ANOVA

and the least-significant-difference test).
2) Data are available only for the smokers.

3) Calculated by multiplying the number of packs smoked per day by the years smoked.
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Table 3. Concentrations of plasma lipid-soluble antioxidants in Korean male smokers and nonsmokers”

Nonsmokers(n = 25)

Exsmokers(n = 16) Smokers(n = 21)

a-carotene(pg/dl) 7.6+ 0.5
B-carotene(pg/dl) 45.5 = 4.4
Cryproxanthin(pg/dl) 97.7 7.4
Lycopene(pg/dI)” 144+ 2.0°
o-tocopherol(zg/dl) 1386.6 = 139°
ytocopherol(ug/d!) 177.8 £ 29.4°
Retinol(ug/dl) 555+ 5.9
Ubiquinone(ug/dl) 2023+ 453

6.8+ 1.0° 53+ 04°
342 + 43" 30.6 + 2.9°
83.6 + 10.6® 79.2 + 6.4°
10.1 £ 3.3* 6.6+ 1.4°
953.1 + 84" 954.6 + 75"
1207 + 12.0" 106.8 + 8.6°
434+ 50 453 £ 2.0
1248+ 12.9 175.7 + 38.4

1) Mean = SEM: Values within each row not sharing a common superscript letter are statistically different at p <{ 0.05(One-way ANOVA

and the least-significant-difference test).
2) n = 14 for nonsmokers, n
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Fig. 1. Percent changes in the plasma levels of lipid-soluble antioxi-
dants in exsmokers and current smokers compared to nonsmokers.
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Table 4. Concentrations of plasma carotenoids in Korean male smokers, exsmokers and nonsmokers by regular exercise habits”

Plasma concentration of carotenoids(ug/dl)

N o-carotene B-carotene Cryptoxanthin Lycopene®

Small-amount exercisers” 34 63 04 378 £ 3.7 786 £ 4.7 109 + 2.0
Moderate-amount exercisers® 28 6.9 4+ 0.7 37.2 + 31 99.0 & 8.2* 125+ 2.2
Small-amount exercisers

Nonsmoker 14 70 £ 06 46.8 = 6.9° 835+ 8.2 12.8 =+ 2.5

Exsmoker 9 64 + 0.8° 29.1 = 5.3° 66.6 + 6.5° 14.1 + 5.8

Smoker 11 55206 336 + 4.5° 8§22+ 8.2 51 £ 2.7¢
Moderate-amount exarcisers

Nonsmoker 11 8.3 + 0.9 439 + 49° 1158 £ 11.5° 15.7 £ 3.0¢

Exsmoker 7 7.4 £ 2.0° 409 * 6.8% 105.5 £ 20.6™ 6.1 + 0.4°

Smoker 10 51 £ 07" 27.4 + 3.5° 75.8 £ 10.2° 8.1 + 04
Significance

Exercise effect” NS® NS p = 0.021 NS

Smoking effect” p = 0.014 p = (0.049 NS p =003

Interaclion NS NS NS NS

Age NS NS NS NS

1) Mean + SEM:* = p < 0.05, significant difference between small-and moderate-amount exercisers by Student i-test: Value in the same
column in the small- and moderate-amount exercisers with different letter superscripts are significantly different at p < 0.05(one-way ANO-
VA and the least-significant-difference test).

2)n = 11 for small-amount exercisers and n = 13 for moderate-amount exercisers, respectively.

3) Small-amount exercisers = Subjects taking less than 10 minutes regular exercise per day

4) Moderate-amount exercisers = Subjects taking more than 20 minutes regular exercise per day

5) p-value of exercise and smoking effects two-way ANCOVA with age as a covariate

6) N5 = Not significant

Table 5. Concentrations of plasma tocopherols, retinol and ubiquinone in Korean male smokers, exsmokers and nonsmokers by regular ex-
ercise habits”

Plasma concentration of antioxidants(pg/d))

N a-tocopherol y-tocopherol Retinol Ubiquinone

Small-amount exercisers” 34 1011 = 79 122.2 + 9.6 433 £ 29 119.7 £ 6.2
Moderate-amount exercisers” 28 1271 = 117 1595 + 26.3 558 £ 49¢ 238.3 + 47.3*
Small-amount exercisers

Nonsmoker 14 1191 + 1577 1344 + 17.9 479 + 6.3* 1156 = 3.1°

Exsmoker 9 944 + 82° 1207 £ 18.6° 379 £ 3.8 137.5 & 22.3°

Smoker 11 836 + 107° 1079 = 11.6° 417 + 24 1104 + 4.0°
Moderate-amaount exercisers

Nonsmoker 1 1635 = 230° 2331 £ 6020 65.0 = 10.3° 312.7 + 94.9°

Exsmoker 7 965 = 171° 120.6 £ 15.3* 50.5 = 10.0° 108.4 = 4.2

Smoker 10 1085 £ 94° 105.7 £ 13.5° 493 + 2.8 247.5 £ 76.0°
Significance

Exercise effect” p = 0.031 NS p = 0.019 p = 0.007

Smoking effect” p = 0.029 NS NS NS

Interaction NS NS NS NS

Age p = 0.026 NS NS NS

1) Mean & SEM:* = p < 0.05, significant difference between small- and moderate-amount exercisers by Student t-test: Value in the same
column in the small- and moderate-amount exercisers with different letter superscripts are significantly different at p <7 0.05(one-way ANO-
VA and the least-significant-difference test).

2) Small-amount exercisers = Subjects taking less than 10 minutes regular exercise per day

3) Moderate-amounl exercisers = Subjects taking more than 20 minutes regular exercise per day

4) p-value of exercise and smoking effects by two-way ANCOVA with age as a covariate

5) NS = Not significant
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Table 6. Partial correlation coefficients between plasma antioxidants in Korean male subjects after adjusting for age, smoking and exercise

AC" BC LY AT GT RE
B-carotene(BC) 0.539*"
Cryptoxanthin(CR) 0.543* 0.494*
Lycopene(LY) 0.527* ~0.191 -0.123
o-tocopherol(AT) 0.253 -0.056 0.472* 0.172
Y-tocopheroGT) -0.184 - (.290 0.357 -0.064 0.497*
Retinol(RE) 0.253 -0.029 0.609** 0.047 0.873%** 0.551*
Ubiquinone(UB) 0.101 0.049 -0.111 0.241 -0.147 0.025 -0.328

1) AC = o-carolene
2)* = p <005 * =p <007, ** =p <0001

BA4AAAS B Z3= Table 63
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BAZ B F ¢tk Carotenoids % cryptoxanthin<
o-carotened P-carotene £]of| retinol(r = 0.609)3} 7
H3t &) FABAC U2 S™ o-tocopherol(r = 0.472)
FAE =2 AEEAAE BAY. o-tocopherol retinol(r
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Beta-Carotene Cancer Prevention Study)™Z &,
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