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Effect of Vitamin C on Oxidative Stress Induced by Daidzein
and Genistein in Hamster Ovary Cells

Min Hye Kim and An Keun Kim”
College of Pharmacy, Sookmyung Women’s University, Seoul 140-742, Korea

Abstract — The oxidative stress causes many diseases like cancer, aging, cardiovascular disease, degenerative neurological
disorders (Parkinson's disease, and Alzheimer's disease) by damage of cell membrane, protein deformation, and damage of
DNA due to the oxidation of lipid of cell membrane, protein of tissue or enzyme, carbohydrate, and DNA. It is caused by
the reactive oxygen species (ROS) that is produced in the metabolic process of oxygen in cell. The superoxide dismutase
(SOD), catalase (CAT), and glutathione peroxidase (GPx) in cell systemize the antioxidative enzymes to control the oxi-
dative stress. In this research, it is measured that the survival rate of cell by the typical isoflavonoid of daidzein or genistein,
activity of antioxidative enzyme, and ROS level, in order to study the effect of isoflavonoid over the ROS production in cell
and antioxidative system. As the similar action of the isoflavonoid with the estrogen is examined, women are encouraged
to get bean. In view of this trend, it is very important to find out a combination medicine that lowers the oxidative stress
caused by the daidzein in the ovarian cell. In the combined treatment of the typical antioxidant of vitamin C to oxidative
stress which induced by daidzein recover the control level particularly lowering the ROS in cell by 30%. However, it made
no effect in the combined treatment with genistein. Therefore, the research took the combination effect of daidzein with
vitamin C in order to check it effect over the antioxidative system. In conclusion, it was disclosed that the oxidative stress
caused by daidzein is related to the lowering activity of SOD, and the specific combination effect of daidzein with vitamin

C is related to the recovery of SOD activity.
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F71A5L a4 T2 BlasFR] FAkshyelAlE Za ol
o, H] 44o)Aks vitamin Co} E, glutathione, B-carotene &
o] gksiAo|t}, st B4 WolAIQl superoxide dismutase
(SOD), catalase(CAT), glutathione peroxidase(GPxy= 2570
2 ZOze AAs] o) ¥ FE= o]5S ALY

Isoflavonoidi= flavonoid®] sl 155-2] shpEA] F57ell E£3+
Ho] Qlom AL 1] ROSS} #Aste] w9 i3] A1 Q)
+ e AAEZo]th Daidzein®]t} genistein o E 2?1
isoflavonoid® ©15-2 olAERA T2E30] F2F fAMIL
E A8 AERZ 849 42 ek AR <A,
phyto-estrogen® & E2]$-7]% it} 22 dAAAc s de
2HET Q= AFOEA 53] g, Y&, ARvAlel 59 of
Alop =7HEelA 1 A8)7F AFH Ak AT AR L] oA
& 31 Fi 1mg o3t b sk gle v 42, 55 5
o] 5L 35 HF 25~100 mge] isoflavonoidE 43 8laL
At B At Tola frgh ARAY, HEHA Ag 2
21 3R 59 LA A4t 39 AnS7ise $o]
e Aoz AFH vl Y™ opolT I E T 2HlE
este] 9Jg AtslE Zgtolu) o) Y o] B s #
d Q= Zo=® defA qlot felueh= isoflavonoide] T8 ¥
B9 F9 207 AAIZ R £ F7tolx, 583 9]
isoflavonoid®] o|~E®Z fAFNEo] iRl et A=
Al 1 4F7F AFERE FAoIH. sHAIRE o] AT A TelA X
= ulg} o] AE|L] A F|A daidzein]H genistein®l]
o At AEHAF FEES BstnH0 o) AEYAS
BANATE SES 3 42 vlf T30 A=k

2 A¥oM= 53] A4 SdA TS JEoE ¢8R
daidzein®]t} genistein®] SAIEANME Flaipr) Q= Ao
A AR AAF] i Au M EQ] chinese hamster
ovary-K1(CHO-KDA| 3ol ROS7T A5 AiE Bl o]
= TaA717] Skl FalsiAlz & de7l vitamin CE 503
slo] ATE AEstIA} SISl o] F S8l MR AEES Yo}
R7] 918 MTT assay, reactive oxygen species(ROS) level ]
w3}, ksl g4 84 W3t 55 5793kl vitamin C¢] ROS
2A &35 HEs] ®arstazt g

NE w
Ale} & 717]
A|FEF+= Chinese hamster ovary(CHO-K1)2 American

type culture collection(ATCC)ellA +dsHitt.

RPMI 1640 powder medium, antibiotics(10,000 units/m/
penicillin G sodium, 10,000 ug/m/, streptomycin sulfate) %
trypan blue= Gibco BRL life Technologies Inc. #l&-2- A&}

9 11, fetal bovine serum(FBS)S BioWhittaker ™= %€}, pro-
tease inhibitor cocktail tablets< Roche®E], MTT[3-(4,5-
dimethylthiazol-2-y1)-2,5-diphenyltetrazolium  bromide], bic-
inchonic acid protein assay kit, B-nicotinamide adenine dinu-
cleotide phosphate reduced form(B-NADPH), glutathione
reduced form 2! hematoxylin®= Sigma Co.c|A] F]&lo] A&
3l3ict.

ELISA readeri= Bio-Tek instrument Inc., cytofluor 2350
plate readeri= Millipore, Bedford, MA, USAA|3%, 18|11
inverted microscopet= Olympus CK2 %2 AR&-313ict.

CHO-K1 M|=ZH{2F .

10% heat-inactivated fetal bovine serum, %4 #](10,000
units/m/ penicillin - G sodium, 10,000 pg/m/ streptomycin
sulfate), 1 mM sodium pyruvateS 3 3FsR= RPMI 1640 Hj%]
£ o= slo] 37°C, humidified 5% CO, incubatorfA] Hl|
kaleich. 25 em® tissue culture flaskUt 75 cm® tissue culture
flaskellA] Zlch ¥iksIAaL confluent H1S @ cell dissociation
solutions #zjste] Age o] &3t

it

O

AE2| =X

Daidzein¥} genistein<> dimethyl sulfoxide(DMSO)l|, vitamin
C+= phosphate buffered saline(PBS)°ll =] 0.2 um pore size
syringe filter® 17514 stock solutions THEATE Ao o]
£317] A3l DMS02] #HF 557t 0.1% °lsk7t H =% RPMI
1640 AEulF viA| 2 3]A8le] ARESIICE.

gHiSt §40| B 53

AlEo| x2|ef cHHEl XMzt — 3x 10°cellsm/2] CHO-K1 cell
suspension= 100 7 tissue culture disholl 7FaFSitt. vk~ ol
2] 24A)7F 59t 9F438L Al71 ¥ daidzeint} genisteine] vitamin
CE v F%05, 1, 2, smME Az]slo] 24213k vk}l
T}, Culture dishollA] ¥j%) 5 A|AZ 3 PBSE Al&ale] s
sampleS A3l AH5NS A A% pelletel] lysis buffer 1 m-S 7}
S}3itt. Lysis buffers 7Fst 717+S] samples 14,000 rpm, 4°C
oA 5E7F AAEE s T AN TkS F8lY] enzyme assay
sample® A}E-5}99T}. Sample protein®] =2 bovine serum
albumin(BSA)S- standard® A3} BCA protein assaye 3F
%1\1;}'11)

Superoxide dismutase(SOD)Q| 24 £ —SOD &4 =74
S hematoxyling ©] &% Martin® HHHS A}gstich!?
Hematoxylin> 2F1/delollA] H22Q] hematin® = 27} A3}
gttt ol2|st #ell SOD7} Hofehd AFsAtsts AlsA €
t}. 0.0mM EDTA7} $H¥ 50mM potassium phosphate
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buffer(pH 7.5) 1 mio] Z}2}] samples 50 w4 718kl 5%
ek 2] vk ATk ©17] 5 mM hematoxylinS- 30 WS 7}
3l T phosphate bufferS blank® 3} UV/visible spectropho-
tometers ARS8l 568 nmollA FHEE SHEL 5% F o
Al SBE2] ¥stE SAsIsi

Catalase(CAT)2| EMEH — CATS] &4 %42 hydrogen
peroxide®] #3ljel] we} ke FREE SAshs Aebi WY
S o] 2319t 50 mM phosphate buffer(pH 7.0yl 30%
H,0,% 2°] 10.5mM substrate solution(A240=0.5)= ¥H=S1
t}. o] substrate solution 1 m/®l|l Z} sample 50 W= 713 3
43.6 M'em™9] exitinction coefficientS A}8-3Fe] UVvisible
spectrophotometer = 240 nm®|| ] phosphate bufferS blank %
3k 30&mi) 18 F<F FEEE s

Glutathione peroxidase(GPx)2| M=% - GPxe] &4
Paglia®} Valetine®] el 2la] =438tk GPxo] wh&
&<t glutathione(GSSG)->- GSHS| 44 s xol tisir] A1
H= 799 glutathione reductase(GR)ol| 2)3 295w
o] | reduced nicotin-amide adenine dinucleotide phosphate
(NADPH)?] 4tslE #23191c}. 04 M Tris-HCI(pH 7.2) buffer
2,625 m/° 0.04 M GSH 75 ul, 0.075 mM H,0, 0.1 m/, 6 mM
NADPH 0.1 mi ZHt 9 ¥ 5i1E vlg] wjdAZe of7]e
7} 7ol sampleS 715191 UV/visible spectrophotometer® 340

ol FHES SHkT 5% F Tl FHES SHaic.

EYMAE &2Y

CHO-K1 cell suspensions 96 well plate®]] 7} welld 2 x
10%cells® 7Ht F 2477t <t wgslgich A 8E s
et & WA 5 AASkL PBSE 281 A3t} A-2ollA] 50
uM DCE-DAE 2] & ¥ cytofluor 2350 plate readerS o]
3lo] 5% HH o2 S431%Itt DCF-DAY ROSS] Al W
3he B o AMSShe M FoHd 982, Hy0.H} superoxideo]]
ofa Atslke W P3S vkt AkslE DCFo #3349 485
nm| excitation wavelength®} 530 nm2] emission wavelength
ol &3t

SHXz|

= A7 Je=e) 0| BE FAE 2 A 3] gt 3
T} EFQALE BABII O, B triplicate set® Al 2] ©]
& 853t ZF sample?] FAA FoA el dE AEL
Student t-tests Algate] A3t

Agdn o nE
B o o] A= hamster?] A4+

GAMEAA EF iso-
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Fig. 1 - Cell viability of CHO-K1 cells after treatment with daidzein.
The cells were exposed to various concentrations of
daidzein for 24 hr. Percentage of cell viability was deter-
mined by using MTT assay. Results are expressed as
percentage of control. Values are means+=SD and were
obtained from three different experiments. P<0.001 vs.
controls.
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Fig. 2 - Cell wviability of CHO-KI cells after treatment with
genistein. The cells were exposed to various concentra-
tions of genistein for 24 hr. Percentage of cell viability was
determined by using MTT assay. Results are expressed as
percentage of control. Values are means+SD and were
obtained from three different experiments. **P<0.005,
##¥P<0.001 vs. controls.
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Fig. 3 — Cell viability of CHO-K1 cells after treatment with vitamin
C in presence of 50 uM daidzein. The cells were exposed
to various concentrations of vitamin C in presence of
50 pM daidzein for 24 hr. Percentage of cell viability was
determined by MTT assay. Results are expressed as
percentage of control. Values are means=SD. and were
obtained from three different experiments. *P<0.05,
*#P<(0.01, ***P<0.001 vs. control.
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Fig. 4 — Cell viability of CHO-K1 cells after treatment with vitamin
C in presence of 50 uM genistein. The cells were exposed
to various concentrations of vitamin C in presence of
50 uM genistein for 24 hr. Percentage of cell viability was
determined by MTT assay. Results are expressed as
percentage of control. Values are means=SD. and were
obtained from three different experiments. **P<(.01,
*#%P<(0.001 vs. control.

3t daidzein?} genistein = $o38lH AlE W) ROS levele] =
7kshe o] o)n] vlE]zl ul glom 290 o] AlslA AEA
k) ksl aAole] ARYS AR $1EHY] daidzein®t
genistein®] FAFEFAIQ] vitamin CE W& Folslo] AZAES
S =433t} Daidzein?} genistein®] F5= A2 AEEAS
Uehl#] o= 11 552 50 M= 551 2elsislon ¥
£ #2)ak= vitamin C= 05~4 mM 55 HellA AFH S A]
3ieict. 1 Ax, ¥EAY st 718l uel AEAES
o] F& oA 07 7H43|9itt. Daidzein == genistein 50 uM
7 vitamin C, 1mME W8 A2]3 Z-$ daidzein 63%,
genistein® 66%2] (Fig. 3, 4) ME A& RO o] &
SE vitamin C H1 FEZ 3] AHS A}
Daidzein®} th3£2]Q1 3H4FSIAIQ] vitamin C& H-842] & Al
FolA daidzeinol] 23l FESHNE A8l AEH AT} BAEE
A0 % Ve Daidzein 50 uM¥} vitamin C 0.25~1 mM=
& A2 AE Ul ROSE S A7 =239 A=
ORSIA|EE vitamin C 1 mME ¥$ *2]3l3S- W= control =
7 AaA71E A A (Fig. 5), BEAe] genisteino]
oJ8] =% ROS AlAolE= 229l £347F fISItHFig. 6).
Daidzeint} genistein®] 7 7F<] B isoflavonoido]HA]
B9 WA EA A3} AEHAS dogE EFYYE B

T-3FaL vitamin C= daidzein® 13+ ROS &7 &332} =311
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Fig. 5 — Measurement of reactive oxygen species (ROS) level after
vitamin C treatment in the presence of daidzein 50 pM.
CHO-K1 cells (2x10%well) were incubated with various
concentration of vitamin C in the presence of daidzein
50 uM and then 200 W/ DCFH-DA (50 uM) was added as a
substrate for ROS. After incubation for 30 min. ROS level
were measured by spectrofluoremeter (excitation : 485 nm,
emission : 530 nm). Results are expressed as average of
triplicate samples with =SD.
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Fig. 6 — Measurement of reactive oxygen species (ROS) level after
vitamin C treatment in the presence of genistein. CHO-K1
cells (2x10%well) were incubated with various concentration
of vitamin C in the presence of genistein 50 uM and then
200 W/ DCFH-DA (50 uM) was added as a substrate for
ROS. After incubation for 30 min. ROS level were meas-
ured by spectrofluoremeter (excitation : 485 nm, emission :
530 nm). Results are expressed as average of triplicate
samples with +SD.
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Fig. 7 - Effect of vitamin C in the presence of daidzein on
superoxide dismutase activities in CHO-K1 cells. The cells
were exposed to vitamin C (V) 1 mM in the presence of
50 UM daidzein (D) for 24 hr. The vitamin C in the
presence of 50 uM daidzein-treated cells and control cells
were harvested and protein was isolated from the cells.
Absorbance of each enzyme sample was read at 568 nm.
Results are expressed as average of triplicate samples with
+SD. *P<0.05 compared with control.
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Fig. 8 — Effect of vitamin C in the presenceof daidzein on catalase
activities in CHO-K1 cells. The cells were exposed to
vitamin C (V) 1 mM in the presence of 50 uM daidzein (D)
for 24 hr. The vitamin C in the presence of 50 uM daidzein-
treated cells and control cells were harvested and protein
was isolated from the cells. Absorbance of each enzyme
sample was read at 240 nm. Results are expressed as
average of triplicate samples with =SD.
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Fig. 9 — Effect of vitamin C in the presence of daidzein on glutath-
ione peroxidase activities in CHO-K1 cells. The cells were
exposed to vitamin C (V) 1 mM in the presence of 50 uM
daidzein (D) for 24 hr. The vitamin C in the presence of
50 uM daidzein-treated cells and control cells were har-
vested and protein was isolated from the cells. Absorbance
of each enzyme sample was read at 340 nm. Results are
expressed as average of triplicate samples with +SD.
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