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Variation of antioxidants and lipid concentration
in blood by Oral Feeding of antioxidants

Cheol-Soo Kang

Department d Industrial M icrobiology,

Graduate School d Industry,
Pukyong National University, Pusan, K orea

ABSTRACT

In this study, we investigated the influence of antioxidants to the
cardiac diseases caused by free radical. This experiments performed
by oral feeding of 250mg probucol as antioxidant for two times per
day during 4 weeks on two groups, health and cardiac diseases. The
experimental groups were consisted of patient group, 13 cardiac
disease patients who visited D hospital in Busan and control group,
20 employees of D hospital from May to July in 2000. We have
analyzed the blood concentration and the transformation patterns of
antioxidants (TAS, SOD, GPX), lipidic components (T otal cholesterol
and HDL-cholesterol and cardiac risk factor), and total protein and
albumin, after treatment with probucol as antioxidants. The results

were summarized as fallows:



1. TAS, SOD and GPX were significantly increased in both experi-
mental experimental groups TAS increased as the same extent
between the groups, whereas SOD and GPX showed significant

differences, especially the transformation patterns.

2. In control group, there was no significant difference in blood
concentration of lipidic components. However, in patient group,
total cholesterol and HDL-cholesterol were dramatically decreased

but CRF was considerably increased.

3. In the experiment with total proteins, there was no significant
difference in control group, while prominent increase in patient
group. The transformation patterns were shown differently in the

two groups.



Free radical

radical v, free radical
free radical . free radical
free radical
2-4)
free radical superoxide radical

(*O27), hydroxyl radical(®OH), nitric oxide radica(NO"), peroxyl
radical (ROO*) AIDS,
cancer, central nervous system disorders, diabetes, liver damage,

Parkinson's disease, rheumatoid arthritis, atherosclerosis, cataracts,

2)

respiratory disease
free radical , ,

2%

superoxide hydroxyl



(ROS: reactive

oxigen species)

free radical
, 1969 McCord and Fridovich®
radical superoxide
dismutase(SOD) , 1980

catalase peroxidease
free radical

Oberley®

SOD catalase

free radical
1 free radical
superoxide dismutase, glutathione peroxidase,
caeruloplasmin, transferrin, ferritin . 2
free radical free radical
vitamin E, vitamin C, [ -carotene, uric acid, bilirubin,
albumin , 3 free radical
DNA repair methionine

2)

sulphoxide reductase



free radical

antioxidant

free radical

probucol

(total antioxidant status, superoxide
dismutase, glutathione peroxidase, albumin) (total
cholesterol, HDL - cholesterol), total protein



2000 5 7 D
20
13
2.
()
probucol 33 250mg , 2 4
. Probucal
bis- phenol antilipemic
antilipemic
(250mgq) Cs1H4:0:S:
44" - 1-Methylethylidene)bis(thio) bis- 2,6-bis(1,1-dimethly

ethyl)phenal



{CH3)aC C({CHak

CHa /
HO 5— (“1 — 8 ZH
CHy
(CHaaC Z(CHak
3.
probucol , 3,1
4 . TAS, SOD, GPX
: -20
. SOD, GPX
4.
1) Total antioxidant status (TAS)

TAS transferin,
ferritin, TIBC(total iron binding capacity ), uric acid,
bilirubin, albumin
TAS heme- protein metmyoglo
bin(HX-Fe'") peroxidase hydrogen peroxide(H:0:)

ferrylmyoglobin(*X - [Fe'" = 0]) H:0
ferrylmyoglobin ABTS®(2,2'-amino-di- 3- ethylbenzthiazoline

sulphonate ABTS® radical
600 nm (Hitachi Japan, model 7170)



Randox (British) Total Antioxidant
Status kit . ABTS" radical
TAS TAS

HX-Fe" + H.0, "¢ «X.[Fe'" = 0] + H:0
ABTS® + X- [Fe" =0 __ ABTS® +HX- Fe"

2) Superoxide dismutase (SOD)

SOD superoxide radical (O: ")
1 . 05ml
4 (3000rpm/ 10min) 6
2ml 15

. SOD Randox (British) RANSOD kit
xanthine  xanthine

oxidase uric acid superoxide radical (O )
superoxide radical(O; ) IN.T 2-(4-iodophenyl)-3- (4-
nitrophenol)-5- phenyltetrazoliumchloride formazan dye
505nm . formazan

dye  superoxide dismutase

superoxide dismutase

XO0D

xanthine uric acid + O,

I.N. T _° " formazen dye



3) Glutathione peroxidase(GPX)

GPX glutathione
1
diluting agent 5
Drabkin's 20 . GPX
Randox (British) RANSEL kit
Cumene hydroperoxide glutathione(GSH)
glutathione peroxidase(GPX) oxidised glutathione
(GSSG) , GSSG NADPH glutathione
reductase(GR) glutathione
NADPH NADP’ . NADP’ GPX
340nm Y
2GSH + ROOH _ °™  ROH + GSSG + H:0

GSSG + NADPH + H™ _°F NADP" + 2GSH

4) Total cholesterol

total cholesterol lipoprotein ester
ester cholesterol 70%, 30% free cholesterol
. Lipoprotein

chylomicrone, low

density lipoprotein(LDL), very low density | ipoprotein(VLDL),

high density lipoprotein cholesterol (HDL - cholesterol) o

ester  cholesterol cholesterol esterase (CES)
cholesteral

cholesterol  cholesterol oxidase(COD)



delta 4 cholestenon

peroxidase(POD) 4- aminoantipirin(4-AAP)  phenal
505nm . ( ) T-CHO
kit

CE

Ester cholesterol  °®°  fatty acid + free cholesterol

o]

Free cholesterol — °°®  H,0, + delta 4 cholestenon

H.0. + 4-AAP + phenol ™

5) High density lipoprotein cholesterol (HDL - cholesterol)

Cholesterol esterase(CHER) cholesterol oxidase(CHOD)

( ) low density lipoprotein(LDL), very low density
lipoprotein(VLDL), chylomicrone HDL -
cholesterol . HDL LDL,

VLDL, chylomicrone dextrane sulfate cyclodxtrin sulfate

cholesterol esterase

cholesterol oxidase HDL - cholesterol
585 . Kyowa
M edex (Japen) -L HDL-C kit
HDL - cholesterol + H.O _“"®*C ) cholesterol +

CHOD ( )

cholesterol + O: cholestenone + H:0:

2H:0:+4- AA+HSDA +H:'O _ °°° + 5H:0
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HSDA : sodium N- (2-hydroxy- 3- sulfopropyl)- 35- dimethoxyaniline

4-AA : 4- aminoantipirin

Total cholesterol HDL - cholesterol (total cholesterol/HDL -

cholesterol) cardiac risk factor (CRF)

6) Total protein

Biuret '° cu®”
chelate complex 546
( ) TP kit
7) Albumin
albumin  pH 4.0 bromcresol green
660
( ) ALB Kkit

SAS(version 6.12)
student's t-test repeated measures ANOVA

a =0.05
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40
20 , group
409+ 93 53.0+ 116
20
1)
TAS, SOD, GPX
TAS 1.096- 1.488 mmol/|

group
(P<0.05). SOD
group
(P>005). GPX

group
(P>005) (T able 2).

2)
TAS, SOD, GPX 40
TAS 40

1.025- 1481 mmol/| , SOD

- 12 -

929- 1261 u/gHb

13 50

(T able 1).

, 40

group

0.991- 1.369 mmol/l

862- 1302 u/gHb

37-83 u/gHb  39-85 u/gHb

1.028-1478 mmol/l 40

904- 1252u/ gHb



Table 1. Age distribution of test groups

Normal group Patient group”

Age 409+ 9.3 530+ 116 T otal

Male Female Male Female

Below 40 7 4 2 0 13
Above 40 6 3 7 4 20
T otal 13 7 9 4 33

Y Patient group : Cardiac disease group

? Age (M+ SD) M : mean, SD : standard deviation

- 13 -



T able 2. Reference value of antioxidants by sex of normal group

TASY SoD? GPX®

No.
of mmol/| U/gHb*" U/gHb

tests

M eanz+ 2SD M eanz+ 2SD M eanz 2SD

T otal 20 1.035-1471 910- 1270 39-83
M ale 13 1.096- 1488 929- 1261 37-83
Female 7 0.991- 1.369 862- 1302 39-85
P value 0.023 0.781 0.770

YTAS : Total antioxidant status
»SOD : Superoxide dismutase
¥GPX : Glutathione peroxidase

“U/gHb : Value of U/ml calibrated with hemoglobin

- 14 -



45-85 u/gHb 3 group
(P>0.05) (T able 3).

3.
3 2 , CRF, 2
8
group
1) TAS
1253, 1273, 1321, 1354mmol/l,
1323, 1.368, 1424, 1.432mmol/| . group TAS
group
(p<0.05),
group
(p>0.05) (T able 4).
2) SOD
SOD 1090, 1001, 1456, 1203 u/gHb,
1339, 1493, 1518, 1667 u/gHb . group SOD
group
(p<0.05),
group
(p<0.05) (T able 5).
3) GPX
GPX 61, 71, 79, 63 u/gHb, 61, 69,

- 15 -



T able 3. Reference value of antioxidants by age of normal group

No. TAS SOD GPX
of (mmol/1) (U/gHb) (U/gHb)
tests Meant 2SD Meant 2SD Meant 2SD
Total 20 1.035- 1471 910- 1270 39-83
Below 40 13 1.028- 1.478 904- 1252 35-83
Above 40 7 1.025- 1481 909- 1301 45-85
P value 0.991 0517 0.449

- 16 -



Table 4. TAS value measured with ANOVA test

Normal group

Patient group

Elapsed time No.

M ean " Mean P
of  mmoarl) SP vawe o mmo) SP  value
tests tests
Pre-feeding 20 1253 0.109 13 1323 0.073
After 3days 20 1.273 0.121 13 1368 0.105
0.001 0.001
After 1week 20 1321 0.116 13 1424 0.132
After dweeks 20 1354 0.118 13 1432 0.126
P value 0341
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Table 5. SOD value measured with ANOVA test

Normal group

Patient group

Elapsed time No.

No.

M ean P M ean P
of  wgHb) SP vaue o  (wgHb) SP  value
tests tests
Pre-feeding 20 1090 90.7 13 1339 1634
After 3days 20 1001 86.2 13 1493 1226
After lweek 20 1456 128.1 0.001 13 1518 1216 0.001
After dweeks 20 1203 1284 13 1677 746
P value 0.001

- 18 -



71, 89 u/gHb . group  GPX

group
(p<0.05),
group
(p<0.05) (T able 6).
4) Total cholesterol
Total cholesterol 168, 166, 159, 158 mg/dl
208, 199, 197, 173 mg/dl . group
Total cholesterol
group
(p<0.05), group

(p<0.05) (T able 7).

5) HDL - cholesterol
HDL - cholesterol 45, 44, 43, 44 mg/dl
49, 46, 42, 31 mg/dl . group
HDL-chol- esterol

(p>0.05),
(p<0.05).
group
(p<0.05) (T able 8).
6) CRF (cardiac risk factor)
CRF 38, 38, 38, 38
44,45, 48,55 . group CRF

- 19 -



Table 6. GPX value measured with ANOVA test

Normal group

Patient group

' No. No.
Elapsed time o M ean . o M ean . p
(u/gHb) value (u/gHb) value
tests tests
Pre-feeding 20 61 114 13 61 117
After 3days 20 71 126 13 69 155
0.001 0.001
After lweek 20 79 124 13 71 143
After 4weeks 20 63 120 13 89 141
P value 0.001

- 20 -



Table 7. Total cholesterol value measured with ANOVA test

Normal group

Patient group

' No. No.
Elapsed time o Men o P o Men o P
(u/gHb) value (u/gHb) value
tests tests
Pre-feeding 20 168 276 13 208 720
After 3days 20 166 197 13 199 727
0.048 0.001
After 1week 20 159 132 13 197 76.7
After 4weeks 20 158 246 13 173 704
P value 0.001

- 21 -



T able 8. HDL-cholesterol value measured with ANOVA test

Normal group

Patient group

' No. No.
Elapsed time o M ean . o M ean . p
(u/gHb) value (u/gHb) value
tests tests
Pre-feeding 20 45 6.3 13 49 233
After 3days 20 44 6.7 13 46 214
0.784 0.001
After 1week 20 43 96 13 42 178
After 4weeks 20 44 106 13 31 93
P value 0.001

- 22 -



(p>0.05), .(p<0.05)

group
(p<0.05) (T able 9).

7) Total protein

Total protein 74,74, 74, 74 g/d
6.8, 66, 7.0, 7.2 g/dl . group total protein
(p>0.05),
.(p<0.05) group

(p<0.05) (T able 10).

8) Albumin
Albumin 46, 45, 45, 45 g/dl
4.1, 40, 4.2, 42 g/d . group  albumin
(p>0.05),
(p<0.05). group

(p<0.05) (T able 11).

- 23 -



Table 9. Cardiac risk factor value measured with ANOVA test

Normal group Patient group
Elapsed time NO-: p No. p
of Mean SD value of Mean SD value
tests tests
Pre-feeding 20 38 1.0 13 44 0.9
After 3days 20 38 0.7 0893 13 45 1.0 0,001
After 1week 20 38 08 13 48 1.2
After 4weeks 20 38 0.7 13 55 13
P value 0.001

- 24 -



Table 10. Total protein value measured with ANOVA test

Normal group Patient group
Elapsed time No. M b No. M p
ean ean
of @d) SP vaue °F (@d) SP  value
tests tests
Pre-feeding 20 74 0.19 13 68 048
After 3days 20 74 0.30 13 6.6 057
0.650 0.001
After 1week 20 74 0.27 13 70 0.69
After 4weeks 20 74 0.27 13 72 051
P value 0.001
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Table 11. Albumin value measured with ANOVA test

Normal group

Patient group

Elapsed time No. M b No. M p
ean ean
of  wgHb) SP vaue O  (wgHb) SP value
tests tests
Pre-feeding 20 46 0.20 13 4.1 0.23
After 3days 20 45 0.17 13 4.0 0.24
0.062 0.025
After lweek 20 45 0.14 13 4.2 0.38
After dweeks 20 45 0.17 13 4.2 0.38
P value 0.002
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Free radical

free radical
superoxide radical(*O."), hydroxyl radical(*OH), nitric oxide
radical(NO*), peroxyl radical(ROO") ,
AIDS, cancer, central nervous system disorders,
diabetes, liver damage, Parkinson’ s disease, rheumatoid arthritis,
atherosclerosis, cataracts, respiratory disease

2)

antioxidant free radical

;1 free radical

superoxide dismutase, glutathione peroxidase, caeruloplasmin,

transferrin, ferritin , 2 free radical
free radical vitamin E, vitamin C,
B -carotene, uric acid, bilirubin, albumin , 3
free radical

DNA repair enzymes, methionin sulphoxide reductase

2, 3)
Free radical antioxidant 1945
Dam and Granados'’  vitamin E

, 1953  Tappel™

antioxidants . 1954
Gerschman®’ oxygen
radical
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oxygen radical

Fee and Valentein' ,

oxygen radical

free radical
free radical
2)
free radical
probucol
20 13
probucol 250mg 1 2 4 (total

antioxidant status, superoxide dismutase, glutathione peroxidase,

albumin) (total cholesterol, HDL - cholesterol)

probucol

bis-phenol antilipemic

probucol cholesterol
, serum triglyceride , LDL-
HDL -
VLDL
o , cholesterol
acetate mevalonic acid
cholesterol
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Probucol cholesterol desmosterol

7- dehydrocholesterol in vivo
in vitro mevalonate
15)
Probucol cholesterol
250mg/ dL 6-23 %
15, 16)
probucol

TAS, SOD, GPX ) '

TAS

SOD, GPX
TAS
18, 19)
3
, Harman® free radical
TAS, SOD, GPX
TAS

SOD, GPX

total cholesterol, HDLC, CRF

total cholesterol, HDL - cholesterol CRF
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total cholesterol, HDL-cholesterol,
CRF
probucol

cholesterol
Total cholesterol HDL-chole-
sterol cardiac risk factor
probucol
total cholesterol

HDL - cholesterol

cholesterol

cardiac risk factor

HDL - cholesterol

HDL - cholesterol

HDL-cholesterol  Framingham Study

Miller and Miller 2y
HDL - cholesterol
HDL - cholesterol
alcohol ,
22)
HDL

cholesterol

albumin

- 30 -

coffee
estrogen
receptor
cholesterol
2, HDL

total protein



total protein albumin
20 13
probucol 250mg 1 2 4

TAS, SOD, GPX

total cholesterol, HDL -cholesterol,
CRF , total cholesterol,
HDL - cholesterol , CRF
total protein albumin

, total protein  albumin

probucol

HDL - cholesterol

cardiac risk factor

Probucol free radical
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free radical

probucol
20 13
probucol 250mg 1 2 4 (total

antioxidant status, superoxide dismutase, glutathione peroxidase,

albumin) (total cholesterol, HDL - cholesteral)
1. TAS, SOD, GPX
(p<0.05). TAS group
(p>0.05), SOD, GPX group
(p<0.05).
2. total cholesterol,
HDL-cholesterol, CRF (P>0.05).

total cholesterol, HDL -cholesterol
(p<0.05), CRF (p<0.05).
total cholesterol, HDL - cholesterol, CRF

group (p<0.05).
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3. Total protein albumin total protein
albumin (p>0.05). total
protein albumin (p<0.05),

total protein  albumin

group (p<0.05).
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