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Effect of Smoking and Carotenoid-rich Food Consumption
on Lipid Peroxidation and Antioxidant Status™
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Department of Food and Nutrition, Inha University, Incheon 402-751, Korea

ABSTRACT

This study was performed to determine the effect of carotenoid-rich food consumption and smoking on the lipid
peroxidation and antioxidant status in human. The subjects consisted of the health 210 middle-aged adults who visited
health care center in the Inha University hospital. The blood and urine samples of the subjects were taken to analyze
serum lipid profiles, plasma TBARS, total antioxidant status (TAS) and urinary 8-isoprostanes concentration. The
anthropometric indices of the subjects were measured. The nutritional intake and the frequency of carotenoid-rich food
consumption was determined by semi-quantitative food frequency questionnaire survey. HDL-cholesterol level of the
smoking subjects was siginificantly lower than that of the non-smoking subjects in men. In the analysis of the
carotenoid-rich food consumption, the frequency of pepper and tomato consumption of the non-smoking subjects was
significantly higher than that of the smoking subjects in men. In women, the frequency of pear and peach consumption
of the non-smoking subjects was significantly higher than that of the smoking subjects. HDL-cholesterol level of the
high carotenoid rich food consumption group was significantly higher than that of medium and low group in women.
TAS of the high carotenoid rich food consumption group was significantly higher than that of medium and low group.
In conclusion, carotenoid intakes seemed to be effective to reduce lipid peroxidation and increase antioxidant status in
the body. The frequency of the carotenoid-rich food consumption seemed to be lower in the smokers than in the non-
smokers. However, further researches consisted of large-scaled and randomized clinical trials are required to determine
whether carotenoids have any other beneficial effect in human. (Korean J Nutrition 38(10): 836 ~846, 2005)

KEY WORDS : smoking, carotenoid intakes, lipid peroxidation, antioxidant status.

gz 5ol AUz 7 Fggoz2A Ad &2

N B

Z1.8. Al

o] Akg FHZITY FACE Jd A gYEE

& AA el Fie iz 84e 7T glem

)

flu 2 oo njnt

gl A7) Holl= 4,0009F9] AS5EF 2 E9HE
o] ZfHol Sl ot F e Fog ARl E
& T AL ot A gHlE F97] AlFSH A&
°oF 9] Wgel =482 &3 FgoF A
H&lE A fch'? 544 1A 59 nicotine, tar, A

Aed 120059 10€ 18¢
Aery 1 2005 129 5¢

7 o]52 AH3] FHA7IA] 4o F99 A gl A
¥ &3 A At AL 73S Axdo e it
3} nieple] G e Astel HEo] 24 W DNAS| &
BE op7) A7IA Fok? 3k FAS ¥ LDLY Akt &
7hell Bejdle] 413} LDL 52 3719 $9733% %
A 3 g9 APxE 7 AT FAS 53] 4
daAAgeY HYE HIET A2 7HA] Sell A% 2]

*This study was supported by 2004 research grant of Inha
University.

$To whom correspondence should be addressed.

E—-mail : jhchyun@inha.ac.kr

Abdal #@do] glEd], AdaAAgoz 3t APLEQ
31% A=t $oZ QU8 AFFES] 22%7F F97 #Ho|
g Aow FAHN 1 9dx FAL HHHA A

© 2005 The Korean Nutrition Society



B SRFAHE #0] e Ao dA ok H2
ol Fo ATl e XA Qe APAA A
9 AeeE I 98 29 F shiz Fd9 feiXel X
53 ek?

a2y QIAlE ol 84AIEA Y JHlE HasiA)
7le FABAAE 253 Qe o7)dE AdlA B4
% superoxide dismutase, glutathione peroxidase, ca-
talase 57 T Ak ELEFT o]Fo)7 A 1 wolA)
A} F2 Ak D Y2 RE] 4H3K= vitamin C, vitamin
E, carotenoid, polyphenol, flavonoid, o}8, &, A#d%,
T f YT 2L Gt JUAE o] Foix A 2 o
HAAZ ojFolA Qlth A 1 9o A= AH Fuze
oy #bslag A A A B 2] e
AAE o] AAFE A Sridel] 93k Akl Ak
A2 A 2 Bl AlAI vitamin E, vitamin C, carotenoid
T i3t Fdiel Qs o]FA LM oj2)Et S
A FAAE Edolghe AtelE KB AL 30| x=2F
¥ ol ALY HHFE RE3 A%l J
37t o2 A 4 ASAE? Erstn FAxE v
Azl w]3ted SUR], A, E3pAAre) HHZS Dn
vitamin A, vitamin C 18]1 2]o] AfAx, g4t 3 5&
A AFHAShs 2= o8 AT Bu Ha R
uheba] ojefdt A HH T JFHL FHoE A
AT A 2zl Qg &8 F7H91a Ay R
A XS o3lslo] HEaAEE 2 2 ¢k 98 e
7M1 4 Aok T FARKE wEARll v)sl] g
2 U AANISA T} ke, FEU2HES LDL-
EH2HE S50 S7RISIE ¥ opel 79 Alstarg
< k= ¥# Y vitamin C% vitamin E9 ¥%7} w1,
A4 FEE w2 07 By Hp Qupie

g F o= ol et BAAISE A e vl g W
o &< sh= FI3t B2 F vitamin C} vitamin E %
9] 53} oj9lell carotenoid®] AHF Btz AA ol A)Al]
e A77F We] B Ha ek o]2i3 carotenoid
© AE Hol g £E50] glon ze)Ael s A
¥ gAMEA S AASR: 5ol 293K vitamin E
2] 1009l €3l Alog Hystn ok web Ed
Al 1o carotenoid® FEFHE kst vlehalo] Ao} A
F AR 8% ) 203} BjE S BT AR F9319)
A FarstAA 7R A T8 NEx st E 5
NE Aoz Algdch T3 FARG AF AH A ¢
TARE BgsHA Aetstn 2o HAE JYuszEg
& vl eiMe AE, A, dFE iRy 2

BESEBEE 38(0) :836~846, 2005/837

ARAT7E F28 otk AAHRY F494S /A 98
Ut FAxte] Agdey A78% 58 Adg setet
of A48 AN 2 g Hlg FAL ¢ fES
ohE 2+ B9 gag A9 oddshied 580 9 A
ojc}, v

mEbd E A7 F99 A S gte s Ao
e AR EF Ad 2 AAN3E, 208
(total antioxidant status) & &30} FAA} v]FA=}
ol AolE Awn uzt 3o} T3 FAA HEAA})
FULAFH A FAsAZ FET Q)& carotenoid
i AF AF 1 g 3 B 100~10,000 £g9 carote-
noid ) 9 43 AS FA)31Y carotenoid FH A1E
A el FAxte] 43 @ ARYEE 45T = e
71z ARE vhAsteat s

o8 X g

1. SRR

2002 94 14%€ 2002 109 30U7kx] A5k
49 ABHARNE NN 2BHAE L AR F FiEo)
AR, 38 9 A § HE Age 2y 9
A 4 2109 (A 1127, oA 98 & tide
Z 83tk

2. AN

ATHIAEY AAF AHFAH= 1998¢U% FUA7 -
FARAIM ARERE AFAFANEZAPE (food frequency
questionnaire) ¥ & 7122 3lo] A4H AF) WA 34
o 5= ol= W AEAFHNERAL (semi—quantitative
food frequency questionnaire) AEX|E 7f@slo] A
193718 B AF JFE 9 YU AHFE A
Foh EF AREEARE & FEE AR dRE AF
gl A B4 712hEE Ashan AELFHR
o) tigt &3t A} o) FolXEE Fr)

B Aol AR v AEAFHRNEAE F 4270
o] AF FEoR PN I/ ¢ 1 AE 671X, F
#F 2 2 AE 17K, §7% € 2 AF 7, 9§ U,
oAl 57K, xR 17HA, -/ 2 2 AF 27Ae &
3] 24 carotenoid’} o] THFE HAF AhE, A, vl
M B) D AEA carotenoid’} Zo] FHH A 2
HAF 217H49 AEFE w2 BF3le] AR 7]
o &%) carotenoid WFHE 71T F A= FWA, 9
A 9 AdAEL JAXHE AEF 7E o 71819



838 /& o ¥of] ©}& Carotenoid 43 53} |- 74k}

onj, AH NxE 3F (33, 23], 13D, 1579 (4~63),
2~33%], 13]), 170€ (2~33), 13), 1d (2~33) G}
A3 ¢t Hgo g %A e

FEAE AT S gdEtsloM e Can—pro (2.0)
£ o]g3l AH=E FARIS) v EARE BRI B8t
it} Carotenoid 3 2152 AH W=E 1Y 3371 9
A, 287} 873, 137} 774, 150 4~63)= 674, 2~338+=
54, 13 44, 1718 2~33)= 37, 13 23, 134
2~3%)7} 14, 28|31 A8 94| ¢ 0des F 109
Ao Z=E Faste] BAA Sich

3. QIATHIE B B

AT RS A3, AlF, AR Inbody 3.0 (Body
composition analyzer, Biospace, Co., Ltd)Z& AFE3}o]
SR AU A Ys S8 EE ofF
TE Al AL AjFH 0] 37 @3S 2% £, -70TC
o WEEE I3, ojnf FAIRE T AF 5] ethyl
alcohol® A=3F polyethylene Holl Bol —70CelA 3
& 2Asieict

4. BARN

1) 88 Nd sk

3 W AL 548 EE o]48 4 kit (Young
Dong diagnostis Co., Korea) & AFE3l81 00 o] ol
A5-229717) (Autoanalyzer, Chion Co.) & ©)g3l] 8
BolX FFALHE, 42 L HDL~-Zd2HE 55
S 54311, Friedwaldd AR 2sl LDL-Z9

~H2Y FEE Al

2) @8 TBARS 5k

% WA A=E S5 8l Yagiol gl
w2} 4 100 pulE AHE3H] thiobarbituric acid$} ¥hs
sh= 3 (TBARS)€ n—butanol® %3 % UV spec-
trophotometer (HP 8453, Hewlett Packard, US.A) &
°o]-§3l4 531 nmolM FFE & Tl 52 A
slglon ojnf EFEARE 1,1,3,3—tetramethoxypro-
paned ARSI T, ©YE nM/mgE EAIBISIT

3) FUYE

g3 Wl & skes S35k i F shuz A2
@ol o] 851 Q= T4 (total antioxidant status:
TAS) commercial kit (Randox Antioxidant Status.
Cat No. NX 2332) & ARg3le] Y zp584 7)7]2 &
Al B4 v e ABTS® (2,2’ ~Azino—di—[3-

ethylbin—zthiazoline sulphonate])E peroxidase ¥ H,0,
o} WA F ABTS®ll 23 uifg- g3t A& 2=}
Q1 <folzo] AAEW, 600 nmolN QA EH, o=
AR el EAEHs PASAZ) F5 R og P
S AAA7]= F2E o] 43 Ao T @9l nmollE
RAIESTH

5. &= & 8-isoprostanes s

8—isoprostanes® prostaglandin® A2-$ ALE diA}
3 5 WA= arachidonic acid?} AFSHE Egjoln], &
3| phospholipase®} #HE XX Ao Ay 2 A
s 222A 93 Ao Eu) 9o oaba] 8-
isoprostanes (8—iso—PGF2 )7} Z7}3FH TBARS7}
7RI, AW e 7K HEE qEE J 2
A olF9] 5& Wallsky 9 +EE F539 A4 3
A3E g% 2308 drt ool # Aol commer-
cial kit (Oxis Bioxytech 8—isoprostane Assay. Cat No.
21019D) & AR&31¢] ELISA (ELx 800G, Bio—TeK Inst.
USA)Z 3% 650 nmellA 243130t} wlefy A4 5
o] EA3F= #2 8—isoprostanes’t & Hl@Aog ¥
Ao AE S AAA7IH £3¥ A7 pg/me creatinine
o2 ®AS%Th

6. SN

A8 #AL& SPSS programe o)gte] EAEAS A
3t BE A= BE + EFUAZ BAEIGO,
Aol wE FARS} v1FEAR} 2ke) 2ol Student’ s
t—testE o837, FAAS} Bl FA=}e] BMIo| wkE zt
BIREFE] xpolE x’—testE AAEIETE Carotenoid A3
Hilzo| M AAISEY] Aol ANOVA test F
Duncan’ s multiple range testS $3lo] EAslom 1
< #Eo) Uizt F-94L p<0.05 FFol AEF Tk

20 3 &

1. SRVAALS] ALY

AFWIAES] UurtE-E Table 13 2ok 2 ot
9 FE Hele iz gt 46.34), oA} 44.74 o)
Row, 27 S5Ad Ao} v|wke Yehii= giaRt
= A3 AT WIS FTA ool wel AHE
A, FAe A FaxR= 9590 F 84.8%%7, vEA
A olio HY AL 17907 AN FAY 15292
AABIAT}. A e] Hele & 98 FolA Fa2b} 12
HOR 12.2%°1 3 HIFAA= 86O R AA oAle



GEZEBEE 38(10) : 836~846, 2005 /839

Table 1. General characteristics of the subjects by smoking and gender

Subjecst (n = 210)

Male (n= 112) Women (n = 98)
Smoking (n = 95) non-smoking (n = 17) t Smoking (n = 12)  non-smoking (n = 86) t
Age (yn 458 £ 10.5" 427 ¥ 10.1 1.068 499 +12.7 450 + 10.8 0.648
Height (cm) 170.1 = 6.2 1708 + 4.8 0.401 1577+ 70 1567 + 49 -0.556
Weight (k@) 69.7+ 90 660+ 7.1 -1.563 588+ 7.6 566+ 8.3 -0.879
body fat (%) 203+ 46 180+ 48 -2.060" 270+ 53 278+ 56 -0.259
BMI? 240+ 2.7 26% 19 -1.872" 233+ 3.2 230+ 33 0.423
Systolic BP” (mmHg) 1264 £139 127.4 £ 202 2,726 1223 £21.1 1224 £+ 19.7 0.220
Diastolic BP (mmHg) 785+ 97 84.6 + 12,0 2.260 750 £ 12.8 746 +11.0 -0.107

7 values are mean + SD

2 BMI (body mass index) = weight (kg) /height (m?)

¥ BP: blood pressure

*: significantly different by Student’s t-test at p< 0.05

Table 2. Distribution of BMI by smoking and gender

Subjects (n = 210)

Male (n = 112) Female (n = 98)
Smoking non-smoking 22 Smoking non-smoking x’

Low body weight (=18.4)" 4( 42?7 0( 00 7 ( 58.4) 4( 46
Normal (18.5-22.9) 25 ( 26.3) 11 ( 64.7) 3(250) 42 ( 48.3)
Overweight (23.0 -24.9) 27 ( 28.9) 4 ( 23.5) 9.074" 1( 83) 20( 23.0 4.3583
Obesity | (25.0-29.9) 39 ( 41.1) 2(11.8 1( 83) 20 (230
Obesity It (< 30) 0( 00 6( 00 0( 00 1TC 1D
Total 95 (100.0) 17 (100.0) 12 (100.0) 87 (100.0)
P BMI (kg/m?)
2 n (%)

*: significantly different by x>test at p<0.05
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Table 3. Concentration of blood lipids by smoking and gender
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TBARS ¥%, & & 8—isoprostanes®] % o £33}

ol
=

Subjects (n = 210)

Male (n = 112) Women (n = 98)
Smoking (n = 95)  non-smoking (n = 17) t Smoking (n=12)  non-smoking (n = 86) t
TC" (mg/d) 204.4 + 32.9 204.8 = 41.1 0.048 205.8 + 53.3 198.4 + 35.0 ~0.637
LDL-C? (mg/d 130.4 + 29.7 127.0 + 30.7 -0.433 124.5 + 50,1 123.6 + 33.7 -0.074
HDL-C® (mg/dh 439+ 108 49.1 £16.1 1.664* 438+ 89 48.2 +13.0 1.135
G* (mg/d)) 1567.6 + 18.8° 1482 = 14.5 -0.434 162.7 £ 223 136.7 + 11.0 —1.568
" total cholesterol
® low density lipoprotein cholesterol
¥ high density lipoprotein cholesterol
Y triglyceride
% values are mean + $D
* . significantly different by Student’s f-test at p < 0.05
Table 4. Lipid peroxidation and total antioxidant status by smoking and gender
Subjects (n = 210)
Male (n=112) Women (n = 98)
Smoking (n = 95) non-smoking (n = 17) t Smoking (n = 12) non-smoking (n = 86) f
TBARS (nM/ml) 1.29 £ 1.56" 1.08 + 1.09 0.686™ 1.51 +0.30 120 £ 0.25 0.885™
8-isoprostanes 7.86 =502 5.88 = 4.49 -1.294™ 566 = 3.60 5.35 + 4.61 -0.221™
(pg/mg creatinine)
TAS (mM/1) 1.23 +0.19 1.29 =029 -0.799™ 1.13 £ 0.18 1.16 = 0.26 0.383™
" Thiobarbituric acid substance

2 values are mean + SD
® Total antioxidant status
"™: not significantly different by Student's t-test
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Table 5. Mean daily energy and major nutrient intakes of the subjects by smoking and gender

Subjects (n = 210)

Male (n=112) Female (n = 98)

Smoking non-smoking Total " Smoking non-smoking Total '

(n = 95) (n=17) (n=112) (n=12) (n = 87) (n = 98)
Energy (kcal) 2476.2 + 450.0" 2561.9 + 364.2 2489.5 + 4377 0.741 | 2284.4 4748 21165 £ 4429 21347 + 4474 -1.181
Total protein (g) 939+ 233 913+ 146 936+ 222 3.160 756+ 311 736+ 174 749 £ 194 7592
Vegetable protein 496+ 100 508 £ 64 498+ 96 0460 29+ 73 423+ 93 424+ 91 -0.233

(@

Animal protein (g) 444 + 174 40,6 + 128 438+ 168 —0.855 399+ 164 313+t 108 323+ 11.8 —2.335"
Total fat (g) 516+ 178 494+ 135 513+ 172 0852 444+ 22,8 393t 134 400+ 148 9913"
Vegetable fat (g) 231+ 69 229+ 856 231+ 67 -0125 213+ 59 196+ 6.6 198 65 -079%
Animal fat (@) 285+ 130 265+ 1A 282+ 127 -0.595 272+ 139 197t 86 206+ 96 —249"
Cholesterol (mg) 386.9 + 1621 3511+ 836 381.5£ 1531 —0889"| 3509 +133.2 2665+ 1052 2760+ 111.3 —2.428
Carbohydrate (g) 4116+ 728 4398+ 649 4169% 721 1495 | 3828+ 758 3705+ 796 3719+ 789 —0.485
Fiber (@) 121+ 38 120+ 27 121+ 37 0.09% 14+ 24 109+ 33 109+ 3.2 -0.485

" values are mean + SD

*: significantly different by Student's t-test at p < 0.05
= significantly different by Student’s t-test at p < 0.01
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Table 6. Mean daily antioxidant vitamin infakes of the subjects by smoking and gender

Subjects (n = 210)

Male (n = 112) Female (n = 98)

Smoking non-smoking Total + Smoking non-smoking Total t

(n = 95) (n=17) (n=112) (n=12) (n = 87) (nh = 98)
Vit A (2 gRE) 1039.0 = 621.2 10559 £ 409.7 1041.6 = 5925 Q108 | 8589 + 22946 9046+ 6204 8994+ 5886 0.241
Retinol (£Q) 12568+ 583 1208+ 419 1251 560 —-0340 (| 1079+ 482 922+ 396 939 407 -1.209
g-carotene (uq) 50634 + 34587 5138.5 = 2293.5 5074.8 £ 32999  0.086 | 3910.7 + 1208.7 4568.4 + 3653.1 4493.8 + 34658 0.591
Vit C (mg) 1309+ 1614 1071+ 715 1272+ 151.1 0595 | 1048+ 716 1323+ 1412 1292+ 1351 0.633
Vit E (mg o-TE) 133 = 42 132=x 29 133 =x 41 -0.079 N5+ 3.0 111 + 3.7 1.1 £ 3.6 -0.381
Pvalues are mean + SD
+: significantly different by Student’s t-test at p < 0.05
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Table 7. Carotencid-rich food consumption frequencies by smoking and gender

Subjects (n = 210)

Male (n = 112) Women (n = 98)
Food item Smoking (n = 95) non-smoking (n = 17) t Smoking (n=12) non-smoking (n = 86) t
Cabbage 165+ 111" 1.73 £1.20 -0.254 185+ 1.16 2.00 = 1.35 -0.414
Radish 259 + 212 280+ 1.88 -0.419 3.83 + 3.40 275+ 1.48 1.077
Bean sprouts 576 £1.156 523 £1.26 1.557 5.68 = 1.31 6.25 £ 0.62 -1.741
Green vegetables” 569 +1.28 535 £ 1.66 0.602 556 +1.35 538 £ 1.1 -0.673
Cucumber 523 +1.94 539 = 1.26 0.405 526 +1.79 6.17 £ 094 -1.724
Pepper 4,29 + 3.06 527 =1.71 -1.894" 508 + 1.98 4,67 £ 231 0.665
Carrot 424 + 3,38 426 £ 3.17 —0.033 4.50 + 3.42 529 = 4.62 0.281
Zucchini 594 =195 537 +2.27 0.975 5.69 + 1.80 5.42 = 2.6} 0.457
Tomato 555 £ 297 7.356 = 559 1.993*** 417 = 3.56 510 £ 2.99 0.995
Mushroom 6.94 = 7.05 6.43 £ 546 0.296 599 + 195 592 £ 2.11 0.118
Oranges 506 £ 225 523 £ 213 -0.306 5617 £233 521 +£1.93 0.070
Persimmon 6.12 + 2.83 5,95 £ 296 0.220 564 + 3.09 483 = 3.24 0.842
Apples 6.00 = 1.66 543 =219 1.017 5.60 £ 3.82 5.83 +0.83 -0.206
Pear 5.65 + 2.55 6.34 £ 1.69 —1.422 599 + 274 6.25 £ 0.97 -0.327*
Watermelon 535+ 215 553 + 1.71 -0.369 528 £223 558 £ 1.16 -0.303
Muskmelon 5.18 + 2.38 534 £ 2.26 -0.267 520 + 2.50 4.75 £ 2.38 0.584
Strawberry 576 = 2.05 5.50 + 2.35 0.427 583+ 215 6.17 £ 1.70 -0.525
Grape 547 + 232 561 + 1.87 -0.272 522 +£192 517 = 1.34 0.094
Peach 559 = 257 577 £2.12 -0.313 545 + 2,64 6568 = 0.10 —-0.168"*
Plum 5.06 £ 3.09 453 £ 3.25 0.626 516 £ 3.05 3.256 = 3.02 1974
Banana 529 +3.72 525 = 3.71 0.042 5.49 + 3.57 5.67 £ 3.50 —-0.162
Hamburger 3356+ 215 4,16 = 3.06 -0.750 321 +204 5.33 = 3.60 -1.728""
Piza 459 + 3.03 5.18 + 3.98 —0.563 491 £ 3.14 6.17 £3.07 -1.014"™"
Spaghetti 288 + 205 3.00 = 2.07 -0.110 323 +224 3.83 +2.15 -0.461

U values are mean * SD

? green vegetables are spinach, perilla leaf, drop wort, lettuce, et dl.
*: significantly different by t-test at p<0.05, **: significantly different by t-test at p<0.01, #**: significantly different by t-test at p<0.001
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Table 8. The effect of carotenocid-rich food consumption frequencies on lipid peroxidation and total antioixidant status

Subjects (n = 210)

Male (n = 112) Female (n = 98)
High Medium Low F High Medium Low F
TC (mg/dl) 1900 +52.17203.]1 +341 2137 285 1.245(177.7 + 29 197.6 +387 211.6 =329 1.438
LDL-C (mg/al) 1101 +351 13056 £299 1321 £27.2 1.177]965 +£351 1238 +350 1289 +402 1.025
HDL-C (mg/dh 504 +160 439 113 469 *128 1.147|643 +133° 478 +125° 433 +106° 3720
TG (mg/di) 1472 +725 1528 *+786 1725 +954 0503{1460 +466 1367 +726 1685 =859 1210
TBARS (nM/ml) 039+023 121+ 106 087+ 056 1.659| 063+ 036 125+ 061 0660+ 0.430.485
8’("5309‘;;;’:‘(’;:;%‘3) 688 +28] 799+ 535 58+ 328 1.111] 412+ 281 538+ 462 581+ 439 0265
TAS (mM/D) 147014 126+ 029 133+ 023 1.812| 137+ 0.83° 1.15+ 026° 1.2+ 024° 2.075

Pvalues are mean + SD

* significantty different among 3 groups at p<0.05 by ANOVA Duncan-mulltiple test
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