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The Quantitative Determination of Reversible and Irreversible Oxidative Damages
Induced by Smoking Cessation and Supplementation of
Antioxidative Vitamins in Korean Male Smokers*

Kim, Mikyung - Chang, Moon-Jeong’
Department of Home Economic Education, Kookmin University, Seoul 136-702, Korea

ABSTRACT

The effect of oral vitamin E (80010 /day) and C (500mg/day) supplementation for 10 days and/or smoking cessation for 5 days
on oxidative damage to the red blood cells (RBC) of male smokers (22.24:0.2 years old) was stadied. RBC were tested for their
ability to protect against smoking-induced oxidative damage by measuring heme proteins (carboxyhemoglobin, hemoglobin,
methemoglobin, oxyhemoglobin), hemolysis and thiobarbituric acid reactive substances (TBARS). Plasma levels of vitamin C, A, E,
f-carotene, total cholesterol, glutamic pyruvic transaminase (GPT) and glutamic oxaloacetic transaminase (GOT) were also analyzed.
In experiment one, a comparison was made of heme proteins and lipid damage to RBC, plasma antioxidant starus (indexed by
plasma levels of vitamin C, E, A and B-carotene) between smokers (n=>56) and non-smokers (n=16). No differcnces were found in
plasma antioxidant status, heme protein damage and TBARS concentration of RBC. In experiment two, 46 fasting male smokers
from experiment one were divided into 4 groups. The groups were smoking with placebo group (SP, n=14), smoking with vitamins
supplementation group (SV, n=13), smoking cessation with placebo group (NSP, n=9) and smoking cessation with vitamins
supplementation group (NSV, n=10). After supplementing antioxidant vitamins, significant increascs were seen in plasma vitamin C
(p<0.05) and viramin E levels (p<{0.05). The plasma vitamin E level was highest in the NSV group. Vitamin E and C
supplementation provided some protection against heme proteins and lipid damage by lowering methemoglobin, hemolysis and
TBARS concentration of RBC. Smoking cessation significantly decreased TBARS of RBC and plasma total cholesterol
concentration. Supplementing vitamin E and C with smoking cessation considerably lowered plasma total cholesterol. These results
point to a special association among smoking, oxidative damage and plasma antioxidanr vitamin status. They indicate that increases
in plasma antioxidant status can be detected after the supplementation of vitamin C and E and that smoking cessation had an
additional effect on plasma vitamin E level. The present data suggest that improved antioxidant status induced by antioxidant
supplementarion or smoking cessation may help prevent oxidative damage in smokers. (Korean J Nutrition 33(2) : 167178, 2000)
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& “_rL(red blood cell, RBC)E 0.9%(9g/L) NaCls}
0.1M/L H.,PO/K,PQ., pH 74 9 : 1(v/v)E &%
phosphate buffer €#22 38 A & 20%(/v)
RBC A2& 2o 249 o]439th RBC volume
1.500x gollA4] 3083t 422 F milliliter2 VR
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(1) AFEEhe 5] hemeproteins -4}

10mmol/L glucoseE %5t Krebs-Ringer Phosph-
ate buffer (pH 7.4)¢) *tkgasE HEAZ 449 2 5mlE
f2l2 2 serum bottle] ¥ 20% RBC &8 500u-2
2913} rubber septa® Y& F shaker +3(120cycles/
min) & ol-&ste] 37 oA 247 vjketaATh. Wik AE
T 8g 57 1,500 x gollA] 4l STt 4T
total released hemoglobin A AM&81% 2™, RBC
pellet2 0.01mol/L tristhydroxymethl)aminomethane
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T 1500x gl A 587 A48 F ATdE o838t oxy-
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globin ¥41-& s}sich.
Oxyhemoglobing 35012 45 dg F75 350uU= 3
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2 A7g F 200 E FYE BHsT
g7 njely A9k Bo) F74-2 87 300uel retinyl ace-
tate 1000%} tocopheryl acetate 100, %2 300HZF
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Table 1. Chromatographic condition for HPLC

ltems Vitamin A & E Vitamin C [-carotene
Integrator Waters 746 Waters 746 Waters 746
Detector Waters 486 , UV 280nm Waters 486, UV 254nm Waters 486, UV 450nm

Column p-bondapak Cis
Flow rate (ml/min) 1 1
Mobile phase Methanol : Water(95 : 5, v/v)

w-bondapak Cia

Water with 0.01TM potassium
phospate and PIC Reagent

u-bondapak Cis
1

Acetonitrile :
(45 1 45 ¢

Methanol : Chloroform
10, vAiNV)

Table 2. Physical characteristics of the subjects

Smokers Non-smokers
Age (year) 22.240.2"" 220404
Height (cm) 174.1+0.7" 173.4+0.5
Weight (kg) 65.910.6™ 65.3+0.7
BMmi3'(kg/m®) 22.0£0.5P™ 21.7£0.2

"Means 3 SE  “NS: not significant *BMI: Body Mass Index
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o & 201= HPLCH FUatsc).

B-carotene®] &AL FAF 2500e] 10mmole] SDS
(Sodiurn Dodecyl Sulfate) 25012} 0.5mle] JEE-g& &
#3la elel n-heptane 0.5mlE A7kl 2.527F vor~
tex¥ F 2 500rpmellA 1087 44 BElatint. A5
0.35mlE 7% ¥ T4 n. heptane 0.5mlE H7F 9] 3
A& FHESE 3 0.45m membrane® £ o sl A4 7}
28 FHAZ|AL o|F 100 o] (acetonitrile © me-
thanol : chloroform(45 : 45 : 10))o] &&AA 200 E
HPLCH F93te 22850}

(3) A T2 FZW

e Te] A #4lslEEs TBARS(Thiobarbituric Acid
Reactive Substance) 3 &2 24319t 20% RBC &
& 1mle}t PBS(phosphate : NaCl=1 : 9) 3mlE &%
ated 37CelA 307 FE 78 & 4,000rpmolA] 5&
7 QARG T 25D omlE HE F 15%9] TCA
(trichloroacetic acid) 1mlg 7}k 4,000rpmeil A1 5%
Tt ARSI, olollA oA 45 2mIE HE F 1%
2] TBASY 0.5mlE Hrlste] BE B 1087 %
g & o]& WAIA 11,3 3-TEP(tetracthoxy-propane)

FE BHoR Mol #FFEAE o)F, 532nmoA &

Ad7o] FhkstEe] F2 F PR FRE T
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ok © = hovine serum albuming ARSI
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(4) Hematocrit, carboxyhemoglobin®X. =l #zh) £
= & ZHAHE, GOT, GPT 34 &3

g XY & FH4HEL AFEARN(EK-
TACHEM DT System, DT 601 Analyzer, Johnnson
& Johnson, USA)E BA31%5 1
boxyhemoglobin &5 39| glutamic oxaloacetic
transaminase(GOT), glutamic pyruvic transaminase
(GPTYEA e 242 (F) 4=l d=staid,
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o EF A2 T ¥ Y|
AE5E& p<0.055FNA student t-
test2 e, gtel HleRlAl 43t Fdo] BE &
g HlWst7) #1388 ANOVA(analysis of variance) & <
HStH L, p<0.05 S=FA o8 HFsten 2 4
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Table 3. Daily energy and nutrients intake and % RDA of the subjects

1 167~178, 2000/171

3%
Od%th}g—l A AAE Bl AFF AR 9
2 Table 33 Zoitl, FAF A5AFY
ﬁ%ﬂ%-% Ao ZHAY AFshe 0]
19 B ovA HE & F9o] 2,738 2keal, ¥
Aol 2.546.3kcalZ Fdwo] v EFA Tl Bl5] o)A
2 xokom Zhzy fAwke] 108.2%9 100.4%% A3
At ole ZA| A& gy EL] oA 457 Al
gl B 18k Lee 579 2,287kcal (B39 91.5%)
Zaels ggit}

A8 AFEmd et FAAES Aed :

o] Bl EAxte} e} dAAE v Rele) v P diel 4
= FdAdeEel vet gefgo] ExEm ot
G g4 AH e thste] FIAL vlFAAe B o
A3

o
=

A A4 7] o "‘Obﬂr Bag bk glew® qqz), &
g A R g A Ee Aolzt gtk e B
= itk Tlllotson—c, W @R A EeR AR 2
T FAE SHA =1 v T Wt slFdded
G2 Fol, nEFAFH TS HHIF golAH ol
w2k FAREY A AFFel BlEAAE Hs) 200

A5
keal 3% Eot AT 25191 2kgFE Ui SHrk
Fisher 0] 34 4ol FE3} Yk HAhe B
7 gglont FArte wEARuT UA HF 3 AP
o A3k Fol B, F K A vl A2
o 3202 B, Wack§ ¢ Usitel A998 2
$ 9F7) Aol AHFE B A7 ARANE F
Q2o AR 0] FEE EFAn BMIS Ao
£ ushi b 40) oA AFEEL URE RO2

Z
XN

. Smokers Non-smakers
Nutrients Intake %RDA Intake %RDA

Energytkcal) 2738.2 £ 53.5" 1082+ 2.1 2546.3 + 65.0 1004 £+ 2.6
Protein(g) 976+ 2.7 1247 £ 34 928+ 3.0 1184+ 3.8
Fat(g) 854+ 26 - 804+ 30 -
Carbohydrate(g) 31414+ 5.6 - 3162+ 75 -
Vitamin C(mg) 1529+ 6.2% 2781 £ 11.3 135.2+ 64 2459+ 116
Vitamif#/#n H#ARE) 700.2 = 29.3 1000+ 4.2 6299 £ 35.8 00£ 51
B-carotene(ug) 795.6 + 31.7 - 7103 £ 47.2 -
Vitamin E(mg) 13.7+ 0.5 1369+ 49 127+ 06 1274 £ 56
Ca(mg) 7655+ 243 1022+ 3.4 705.6 + 30.7 932+ 44
Fe(mg) 190+ 06 1393 &£ 47 180+ 0.7 1294+ 54
Fiber(g) 8.6 £ 0.3* - 78+ 03 -
"Means + SE

2+ Significantly different at p < 0.05 by Student's t-test between smokers and non smokers, **:

p < 0.0
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Table 4. Concentrations of plasma anlioxidant vitamins of the sub-
jects

Smokers Non-smokers
vitamin C(mg/dl) 1.8+ 027 24+ 04
vitarnin A@g/dl) 516+ 23 553+ 24
vitarnin E(ug/dl) 676.3 + 444.1 714.6 + 308.1
B-carotene wg/dl) 98+ 1.2 786+ 06
"Means + SE
3) 8734 N HED 5

gt gata} vjelel T2 Table 49 AAjstach, @5
el Co R E97 1.8mg mg/dl, #E4T 2.
dmg/dlZ o442 giRlet FAwe] uEedTe e
ve He|glen ol Schectman.® Parmuk 599 ¢
T2 2 gREY Fd3 E3 vjed Co skl g

A7z} FARITOY. 1 9 HIFJU] A} gkl E 4
T2 FATO] HIFAT ulg] e APl Brcaro-
tene FEE ATl BEA ) w8 ozt L Aol

SZiEUr 1‘%—0 /‘é% ATk F4L =R 0 A ALE
14 s ] 14:’”54"]- 22 to-
\} t2-9] | & 3k °]
23 SgEFe] Pty 74]71—401 E’Z—H‘O]Ur L
2 ujdE o vElY CE o2 slug Fdxe H]'E"—ﬂ
Aol Bl3f wlElYl Co] YAt 7} e}z FAAte] vE
Ce] A=A ekl ulEdRle|] vig) ZrRsi D g}
E3 JZHE 24 =AM catecholamines?] #2E
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Table 5. Hemeproteins damage and lipid peroxidation of HbO:-

containing red blood cells of the subjects
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Table 6. Hematologic characteristics of the subjects

Smokers Non-smokers
Hemoglobin in RBC 293 + 25" 306 £45
Fe**(%)3) 995 +7.6 99.1 + 56
Fe™**(%)" 0.98+ 0.04 0.95+ 0.04
Hemolysis 48 +0.6 44 +07
Carboxyhemoglobin 0.83+0.09® 057+ 0.12
TBARS products 30 £0.1 3.0 £0.1

(nmol TBARS/mg protein)

"Mean £ SE

"Hemolglobins in erythrocyte(RBC), grams per 100m} packed RBC
“Percentage of oxyhemoglobin

“Percentage of Melhemoglobin

. Significantly different at p < 0.05 between smokers and non
smokers by Student t-test
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Glucose(mg/dl) 99.6 + 4.4" 94629
Total cholesterol(mg/dl) 152.8 £ 9.0 1486 £ 84
Hematocrit(%) 480+ 29 496 £ Q.6
GOT?(UniyL) 9.2 4 2.1 17615
GPT(Unit/L) 145+ 1.8 147 + 2.1
"Means £ SE  glutamic oxaloacetic transaminase

*glutamic pyruvic transaminase
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Table 7. The effects of vitamin C and E supplementation for 10days and/or smoking cessation for 5 days on the concentration of plasma an-
tioxidant vitamins

SP'(n = 14) SVin = 13) NSP(n = 9) NSV(n = 10) Significant factor”
vitamin C(mg/ml) 19+ 01* 23= 01® 20+ 0.4* 25+ 02° v
vitamin Afug/dl) 635+ 8.1 71.8% 5.3 734% 41 720+ 45
vitamin E(ug/dl) 636.1 + 26.1° 841.5 + 66.0° 604.9 = 26.7° 910.3 £ 57.0° v
B-carotene(ug/d)) 67+ 08 66+ 05 72+ 05 76 09

"SP: placebo intake group: SV: vitamin C & E intake group: NSP: placebo intake with smoking cessation group: NSV: vitamin C & E in-
take with smoking cessation group

“Means + SE

Values with different alphabets are significantly different among experimental gropus at p < 0.05 by Duncan’s multiple range test

Statistical significance was calculated at p < 0.05 by 2-way ANOVA: V: effect of vitamin supplementation

Table 8. The effect of vitamin C and E supplementation for 10 days and/or smoking cessation for 5 days on heme proteins damage of HbO,-
containing red blood of the subjects

SP"(n = 14) Svin = 13) NSP(n = 9) NSV(n = 10) Significant factor®
Hemoglobin in RBC? 302 157 322 +£1.2 31,1 =19 3001 £ 2.1
Fe™*@%)” 98.9 +0.2 99.1 = 0.3 99.0 = 0. 99.1 £ 0.3
Fet*+@)® 1.03 + 0.05ab 0.87 + 0.04b 0.96 = 0.05™ 0.90 &+ 0.03ab \Y
Carboxythemoglobin(%) 1.57 £ 0.34 1.39 = 0.22 0.92 = 0.19 090 £ 0.7 )
Hemolysis 39 £03b 2.8 £ 03a 32 04" 26 =05 v

"SP placebo intake group: SV: vitamin C & E intake group: NSP: placebo intake with smoking cessation group: NSV: vitamin C & E in-
take with smoking cessation group

"Means + SE

*Values with different alphabets are significantly different among experimental groups at p < 0.05 by Duncan's multiple range test.

Statistical significance was calculated at p <0.05 by 2-way ANOVA, V: effect of vitamin supplemenlation: 5: effect of smoking cessation
“Hemoglobins in erythrocyte(RBC), grams per 100ml packed RBC

"percentage of oxyhemoglobin

*percentage of methemoglobin

8 e 252 Table 79 AA3tH) 7ro]l @t ksl viElRle] R E S7FAF]7]oE= Y E &
E AR 27 vjell Ceie 48 veR B3 qby] "ol Adyy e g Z9e ¥ Oﬂ%JoM
A2 Ago] UEIA SPTol 1.9mg/dl, SV 2.3mg/ A7 d BeAo| ¢
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Table 9. The effect of vitamin C and E supplementation for 10 days and/or smoking cessation for 5 days on TBARS concentration of red

blood cells of the subjects

SP'(n = 14)

5Vin = 13)

NSP(n = 9) NSV(n = 10) Significant factor”

TBARS(nmol TBARS/mg protein) 35 + 00217

1.2 & 0.002"

1.4 £ 0.002° 1.3 & 0.004° v, §

"SP: placebo intake group: S$V: vitamin C & E intake group; NSP: placebo intake with smoking cessation group: NSV. vitamin C & E in-

take with smoking cessation group
*Means + SE

*Values with different alphabets are significantly different among experimental groups at p <0.05 by Duncan's multiple range test
Statistical significance was calculated at p < 0.05 by 2-way ANOVA: V: effect of vitamin supplementation: S: effect of smoking cessation

Table 10. The effect of vitarmin C and E supplementation for 10 days andfor smoking cessation for 5 days on the hematologic characteristics

of the subjects

SP(n = 14) SV(n = 13) NSP(n = 9) NSV (n = 10) Significant factor”
Glucose(mg/dI) 95.20%5.14% 96.00+1.80 88.70%4.60 91.50£2.46
Total cholesterol(mg/dl) 155.90+7.11"  159.00+£4.54"°  145.00+8.69" 135.42+6.36°
GOT*(Unit/L) 14.33+2.69 18.86+2.74 13434203 9,86+3.76 5
GPT(Unit/L) 13.90£2.07 12.20+1.11 10.30£1.25 11.25£1.72

"S$P: placebo intake group: SV: vitamin C & F intake group; NSP: placebo intake with smoking cessation group; NSV: vitamin C & £ in-

take with smoking cessation group
“Means + SE

"alues with different alphabets are significant different among experimental groups at p <{0.05 by Duncan's multiple range test
Statistical significance was calculated at p < 0.05 by 2-way ANOVA; §: effect of smoking cessation

“glutamic oxaloacetic transaminase
“glutamic pyruvic transaminase
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