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The Effects of Smoking on Antioxidative Enzyme Activities in Male Adolescents

Jae Yeon Lim, Jung Hee Kim'

Division of Food and Nutrition, College of Natural Sciences, Seoul Women's University, Seoul, Korea

ABSTRACT

Smoking can increase oxidative stress and thereby change the antioxidant defense system in the body. To investigate
the relationship between male adolescent smoking and antioxidant status, we surveyed the eating habits and dietary
intake of 82 smokers and 44 nonsmokers recruited from a male technical high school. In addition, antioxidant enzyme
activity and lipid peroxide values were determined in both the plasma and the erythrocytes. Although the frequency of
food intake was not significantly different, most nutrient intake was unexpectedly higher in smokers than in nons-
mokers. In comparison with the Korean RDA, especially the average intake of Ca, Fe and vitamin B, didn't reach 75%
of the Korean RDA in either smokers or nonsmokers. An analysis of antioxidant enzyme activity showed that plasma
catalase, superoxide dismutase (SOD), glutathione peroxidase (GSH-px), erythrocyte catalase and GSH-px activities
showed no significant difference between smokers and nonsmokers. However, the erythrocyte SOD activity of smokers
(1.57 uniymgHb) was significantly lower than that of nonsmokers (2.00 unit/mgHb). In addition, the plasma cerulo-
plasmin concentration of smokers (28.68 mg/dl) was significantly higher than that of nonsmokers (26.30 mg/dl),
whereas the specific ceruloplasmin ferroxidase activity of smokers (0.31 unit/mg) was lower than that of nonsmokers
(0.35 unit/mg). The plasma and erythrocyte thiobarbituric acid reactive substance (TBARS) of smokers (2.57
mol/L, 0.32 x mol/gHb) were also significantly higher than those of nonsmokers (2.25 #mol/L, 0.27 1 mol/gHb).
The overall data indicate that adolescent smoking might decrease the antioxidant capacity of the body, in part, by lo-
wering the erythrocyte SOD activity and the specific ceruloplasmin ferroxidase activity. (Korean J Community Nutrition

7(6): 844 ~851, 2002)
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33 AT catalase S5 Abei(1984) Rl o}
2} hydrogen peroxide”} 3%+ J2& A3t &
2+9] catalase®) BAEE H,0,9 Bx453A5 43.6 M
cm™ & o] 83t AAKIY T, mg protein B 1% £} 4
&)= reduced Hy,0,9 gmol 2 EAEIAE A7
catalase A E= RBC hemolysateS 3] 34slo] 5
g Hb/100 ml %& 2& A4 AME38lo] 33
YT 1 gHbol slldsh= catalase A EE VERYYCL

g7ke] GSH—px 9 AT+ Paglia & Valentine (1967)
7} Deagen 3(1987)9] & 43t 714AE HO0.E
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AEE= NADPH? 225344 6.22 mM 'em '& o] &
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T AYTE ¥ & A FAsled, Hbe cyano-
metHbZ A7 & AP0 T 310 Yo (Pa
glia & Valentine 1967), B8+ 1 gHbel didsh= 84
=5 Tataith

o] SOD A %= Marklumd$} Marklund 21 (1974)
7} Sheri G2 ¥ (1983)& F7d3] pyrogallol®] auto-
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Table 1. Comparison of body composition between adolescent
male smokers and nonsmokers

Table 3. Comparison of dietary habit between adolescent maie
smokers and nonsmokers (%)

Variables Smokers (n=82) Nonsmokers (n =44)
Height (cm) 172.7 +0.6D 1702 +0.8*
Weight (kg) 610 +1.2 616 1.9

BMI (kg/m?2) 204 *03 212 £ 06

Fat mass (kg) 94 =05 114 +09
Percent body fat (%) 1560 +05 17.7 £ 09*
Waist Hip Ratio (WHR) 0.78 + 0.01 0.80 + 0.01*

= 1 significantly different between smokers and nonsmokers af p
<0.05 by Students’ -test

Table 2. General characteristics of adolescent male smokers
and nonsmokers

Smokers (n =82) Nonsmokers (n = 44)

Variables

Pocket money 46687 * 52841 28417 + 2443*
(won/month)

Sleeping time (hour) 72 +0.2 68 + 02

Alcohol drinking . PP
(day/month) 42+ 08 12+07

Agg of the first alcohol 14.6 + 0.1 146 + 03
drinking (year)

Perceqfoge of regular 23 o8
exercise (%)

Those who drink coffee 57 74
(%)

1) Mean = SE. * : significantly different between smokers and

nonsmokers af p <0.05 by Students’ t-test.

gojuA] 9k7] wiEe] SATol EX vinkgo) A vet
ot ¥ nE 3 ¢rtH(Cade & Margetts 1991).

2) HYNSS] LAY

FA7H gAY S 1703 g9 5,
Sl gt A} A7 Table 2] vlx, AAEIdch &4
T2 I SES 46,6874 F HIFATY 28,4179x%
t} fod o wglthp < 0.05). o)= FAOE Q3 §=
287 B Aolghs A8 JF(Kim § 1999; Kim 5
1998) 8t 22 AE VeIl 4 AR A7t
H]EAE Aol x}o)7} gisiTh

SF e FAT0] fFHeE 2 Ao Yelge
o, §7 Hx BEL T T BT 14~156490 o]FR
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1) N¥g &
ARRLE-9] AME A S 2AFlo] Table 3, 40 L}
it

Smokers Nonsmokers

(n=82) (n=44)
Breakfast 44 47
Skipping meals  Lunch 12 13
Dinner 12 14
No 34 26
Getting up late 30 23
Decreased appetite 20 29
ij;g;;o:neois Indigestion 2 3
Snacks 8 3
Reducing weight 40 42
Regular 10 12
Relatively regular 46 63
lvr]sgtljlﬁor:?g Relatively irregular 37 20
Iregular 7 5
Breakfast 1 0.
Lunch 9 12
Overeating Dinner 77 77
No 13 N
Breakfast 59 57
Lunch 24 26
Light eating Dinner 5 7
No 12 10
1 -3 perday 48 54
F’Sig‘;i:cy °f (1 perday 39 37
Rare 13
> 1 perday 5
Frquency of 1 per week 18 7
eating-out
1 per month 28 26
Rare 49 67
Korean food 44 42
Chinese food 27 25
Type offood for  \etem food 14 22
eating-out
Japanese food 3 3
Others 12
Raw 32 28
W£§QTZ? fl;:?\./‘e Roughly remove 36 47
Almost remove 18 16
Don’t have 14 9

FATI HIFAT BT o} AAgo] 1 ERT (4%,
47%), 8 AA olfE =S A (30%, 23%)', A
£0] QUo1X(20%, 29%)" 2 eRdTh AAMAIZEY F3A
& FAT F 56%7 A Hola gRon, oo ujs| vl
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Table 4. Comparison of food consumption frequency score’
between adolescent male smokers and nonsmokers

Food type Smokers (n =82) Nonsmokers (n = 44)
Beans 1.59 + 0.112 1.63 + 0.16
Fish 1.24 = 0.10 1.33 + 0.14
Meat 1.58 = 0.10 1.46 + 0.14
Eggs 204 £0.12 1.77 £ 0.12
Milk or daily products 255+ 014 2.07 £ 017
Anchovy 1.39 +0.13 1.47 +0.14
Seaweed 1.85 + 0.14 1.65 + 0.14
Vegetables 296 = 0.15 295+ 0.19
Yellow-green vegetables  1.47 = 0.13 1.19 = 0.13
Fruits 192 2013 1.63 = 0.16
Qily food 1.67 £ 0.12 1.81 £0.12
instant food 2.04 =013 1.86 = 0.12
Total 22.66 = 0.60 21.43 = 0.76
1) Score (0-4) :None 0, 1 —2perweek 1, 3 -4 perweek 2, 5

- 6 per week 3, 7 per week 4, 2) Mean = SE. All data were not
significantly different between smokers and nonsmokers at p <
0.05 by Students’ t-test.
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304285 oz 3 tiftR ATl <Jshd FAL-E 4
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TH(Ma & 2000). € A77} 71€ A7 A} o224 e
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Fig. 1. Average nufrient intakes as percentage of the RDA in ad-
olescent matle smokers and nonsmokers. * : significantly different
between adolescent male smokers and nonsmokers at p <0.05
by Student’s t-test.

ERllth FdT e &=o] vlEdTel vlE foHor w2
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£30THp <0.05). ol A 43 N 24 F3f 35
FAE GHZ Yol FATO] HIEATRT FF

Aol 7]Q15 Aoz of AR (Table 4). ti’d#te] Ha 4
¥ AFHFS T Jora (S eksts] 2000) %
vl wal & dx F 7 55 A3 HEl C AFEE At
3, YH ] goka dFEe] ARl o)X Eil= Re
2 vebdth(Fig. 1), =3 s dntdos 2 3
=, BIEH By7F @A 75%0% o)|2%] E3h= Rog
Yepth 2 A7 2] oAl A7-(Moon 1996) oA 2,
AE, vlElR] B,9] o] AHFe] F5ich= Antsl @
AL thEA AT (Park 1995) M5 253} vlebal B, A%

ol Tk ¥Fsltkn Bysty glo] faeuet zvlel A

Zhy A FEke] BE3RS 0)AAA Fo)
3. B g% A

1) 9% - Hy JUGNH T2 YT

B el 7o tiate] Ial 158 lol 4| ks vk
2] F5E ZAKS A", 84 vl C, retinol, #—caro-
tene ¥ o —tocopherol EEE AT vlEAFE Alo]
o T3]l AolE HolA] FUTHLim 2000). =3t 3
catalase, GSH—px 2} SOD (Table 5), 21879] catalase £}
GSH-px 84 E& 7 w3l F4Q1 #olg Rnolx] &
%tH(Table 6). 28]} AEF SODe FEE FAT
(1.57 unit/mgHb)°] ¥I&AT(2.00 unit/mgHb) ¥t} &
oj& oz A YepdtH(Table 6). ¥ 47 thi=te) &4
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Table 5. Comparison of plasma catalase, SOD and GSH-px activity between adolescent male smokers and nonsmokers

Variables

Smokers (n=82) Nonsmokers (n = 44)

Catalase specific acitivity ( 2mol H2O2 reduced/min/mg protein)

SOD specific acitivity (unit/min/mg protein)

GSH-px specific acitivity (nmol NADPH oxidised /min/mg protein)

271.88 + 33.24» 257.48 + 43.94
86.71 = 2.58 83.60 £ 423
78.65 + 19.76 79.756 = 20.19

1) Mean = SE. All data were not significantly different between smokers and nonsmokers at p <0.05 by Students’ -test

Table 6. Comparison of erythrocyte catalase, SOD and GSH-px activity between adolescent male smokers and nonsmokers

Variables

Smokers (n = 82)

Nonsmokers (n = 44)

Catalase specific acitivity (2 mol/gHb)
SOD specific acitivity (unit/mgHb)
GSH-px specific acitivity (unit/gHb)

1.05 + 0.03D 1.04 +0.07
1.57 £ 0.10 2.00 = 0.19**
12.52 = 043 13.01 £ 4.11

1) Mean t SE. == ! significantly different between smokers and nonsmokers at p<0.01 by Students’ t-test

Table 7. Comparison of plasma ceruloplasmin concentration and ceruloplosmin ferroxidase activity between adolescent male

smokers and nonsmokers

Variables Smokers {(n = 82) Nonsmokers (n = 44)
Ceruloplasmin (mg/dl) 2868 + 0.811 26.30 + 0.86*
Ceruloplasmin ferroxidase activity (unit/ml) 0.091 = 0.00 0.093 + 0.00

Specific ceruloplasmin ferroxidaseactivity? (unit/mg) 0.31 £ 0.01 033 +001*

1) Mean + SE. = : significantly different between smokers and nonsmokers at p <0.05 by Students’ -test.

Ceruloplasmin ferroxidase activity (unit/mil)
2) -
Ceruloplasmin (mg/dl)
2ol 1.07d! & 3k, oS titoR 2ARE Wtk FATe) vFATREY ceruloplasminEE7F FA4 v
O

Aok AET2] SODS GSH-px 8] A E7F &ido)

1 FAFNE 1 B} Z7hEE A
&g Holtprl Edgo] 19 o]l FEATdoy: #94
o7 ZHhslth= 2 Kim % 1999) 3} 22 At =

& Abou (1996) & FA7Il0] e FARE ooz g
sk jors AEish A B B4 PHEE 2AME

o

A, 238l FAoAA AET SODS} catalase FAE
7} F7%sE o2 veRdth o) FA X7\l ) 1Y)
of EAlshs frEAkav A dBaEE-E AASH] el <l
Ao who] 71Ho] @glEle] UrHoR it AP ah
o] Amrt FUlsitiz) Fdwke] gAY §4 7Ize) 4
ol #aksl B 548 GAEI) o] AARI F
Akst G0 adhs HoZ ofAAL,

3) #% ceruloplasmin 5= H ceruloplasmin ferroxi-
dase ¥

Ed 2 v EAT2 ceruloplasmin %, ceruloplas-
min ferroxidase B4 %9} ceruloplasmin ferroxidase &
o] B =g ZAFEI] Table 79 AjAlskict.

Ceruloplasmin 55 SdT°] 28.68 mg/dIZ Hl&HA
T 26.30 mg/diell vl8] FF o7 EUTHp < 0.05). A3
H oA A7 Kim - Lee 1997) M T 22 Aag v}

1= og} FalEAE| ceruloplasminou} &
Huolo 23] A3y ol Qe P dojule] d3 g

T} o A AgH k9 ceruloplasmin F57F

1 (Reuananen & 1992)°19, 54 A3 4% xpH(Va-
e 1952) the W5 Ast oAM= (Manthey &
1981) ceruloplasmin %7t %A Yeisith & A3 3
7, Fad Fdo] AFEo] A FACE AdE" A%
T8 A8 3 WSt o FolAA 2 AR A58 5
At

EAF9) ceruloplasmin ferroxidase E0)@4%+= 0.31
unit/mg = ¥]&AT2] 0.35 unit/mgB.t} AT WA
vlehdt) d8lE Ao s EAT9 ceruloplasmin fe-
rroxidase £°] &7} v)EFATEL FoF o2 Lt
(Kim & Lee 1997). oli= B¥ie) A3} 30 E£280] A
|4 ceruloplasmin®] A% U 27 ceruloplasmin ferro-
xidase o] FANEE 744171 (Galdston 5 1987; Pa-
cht & Davis 1988)°]Z <18} A|AHIsE Fxlets it
8t 7152 AtATl AoZ AR
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Table 8. Compairison of piasma and erythrocyte TBARS concen-
tfration between adolescent male smokers and nonsmokers

Variables Smokers (n=82) Nonsmokers (n=44)
Plasma TBARS 2.57 = 0.48D 205 + 164"
(zmol/L)
Erythrocyte TBARS 032 + 0.48 027 + 0.21*
(. mol/gHb}

1) Mean = SE. * : significantly different between smokers and
nonsmokers at p <0.05 by Students” -test.

4) 9% - B TBARS &k

g3 TBARS 5= &d70] 257 gmol/LE B1EA
79 2.25 pmol/LEL} fel&¥eg E9kom(p < 0.09), 3
T TBARS ¥E& 94 4T 0.32 #mol/gHb2. 2 H]
EAT) 0.27 pmol/gHbETE 21302 Fol(p < 0.05),
Fdow Qg A F¥7Y AARPISEY 5 A
2271 7103 VERITHTable 8). %2 97 (Yoon 1997;
Brown S 1997; Ha & Harris 1997)elME &0 QI
8 A7} AsEo] Zsitky B nslka ok 28y A
U S8l Fekae) GopdElrt 4] i Arels &
A, 25 = ojd Al 22le) AT F3AA F
o] Wizt Vel ghetha 81 (Chol 5 1999) &
ZolA Fakst s H3H 0 FoAE RN

OOt Ol
I
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