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Effects of Chrysanthemum indicum L. Extract on the Function of
Osteoblastic MC3T3-E1 Cells under Oxidative Stress
Induced by Hydrogen Peroxide

Jee Hye Yun, Eun-Sun Hwang', and Gun-Hee Kim*

Department of Food and Nutrition, Duksung Women's University
'Department of Nutrition and Culinary Science, Hankyong National University

Abstract Chrysanthemum indicum L. (Asteraceae) is a traditional herbal medicine that has been used for the treatment
of inflammation, hypertension, and respiratory diseases due to its strong antagonistic activity against inflammatory
cytokines. The effects of Chrysanthemum indicum L. Extract (CIE) for increasing cell growth, alkaline phosphatase (ALP)
activity, and collagen content were totally inhibited, suggesting that the effect of CIE might be partly involved with
estrogen activity. Furthermore, the protective effects of CIE on the response of osteoblasts to oxidative stress were
evaluated. Osteoblastic MC3T3-E1 cells were incubated with hydrogen peroxide and/or CIE, and markers of osteoblast
function and oxidative damage were examined. CIE significantly increased cell survival, ALP activity, and calcium
deposition, and decreased the production of Reactive Oxygen Species (ROS) and Tumor Necrosis Factor-a (TNF-a) in
osteoblasts. Taken together, these results indicate that the enhancement of osteoblast function by CIE may prevent

osteoporosis and inflammatory bone diseases.
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(reactive oxygen species, ROS)= At49] 3 tjAE
JEZ=g]ol} peroxisome 52 A4 AlZ W tiAkAg o]
AW 54080 Agor WiRERY FAHA, gt
Zxof oJaf FAFETH1,2). E4AaE 318HY wkgAlo] u)
EZ AE7A AR DNA, @) 21" o tis}
HI719 4 93] 28-S oM oFs HRste
A Fol S 44A%, sUAs, dF 59
7+ A op7INTIE Aoz dEA Ark(12). 53
IR A H,0,)E Z2AEA DNATA Q] 7H49k3) 4133}
Ao #Hgst= ALP ¥ A3 3stE Z7]F(mineralized bone
matrix)e] B4E& AAATIHAE,S), HFAH WERE FEse
cytokine?]l tumor necrosis factor-o( TNF-ar), interleukin-6(IL-6),
nitric oxide(NO) 52| A& ExlI8ld A 54 Fdshe A
o2 HIEI JTK6).
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ZA & 22| 3E (osteoblast), &A1 3 (osteoclast), =43 (osteo-
cyte), -9 (collagen), H] YAl & (noncollagenous proteins) 5
o2 A=Y Ade vl B8l S5 A2, 2T
Eo} S EO] 28-S vl AAESr #EUgie] A (formation)
I} &4 (resorption)E WHE-31H ZA 3 A (bone remodeling) <
AeYs] Wiek7). 2l Ee 2714 8 A3jstl] dodste
AZZH, ZEMe| 85-90%F 2FA|SH= type I collagen H]Egh
proteoglycans, osteocalcin, osteopontin, osteonectin, bone sialro
proteing ¥/33HH, A4 cytokine2] EVIE Tl TZA|EL] &
S Z2A3K®). Fta5(osteoporosisy> HEA Q0 A3
o2, FgAle) oS dol= Ao eSS {5 mE
g3 Sido s FREATO). IR FreSse T |
15 F43 estrogen HAZE Q8 ZET7T 7] F7o]
Ash=s Al 18 A48 IS 704 o)F

il

[

S ovt 2ol aslel BY PAE Zeshe A 29
w1y BUEZOR BRE + ATk,

Frhggo] Aksla 2B 29 s D A el B
A (12,13) Tile] Bobd o] dAF-Eo] JyHIL =, b
skx ~Eg 2o Fvtel FHEE 7k {29 AadAe)
(14) FoHs% o4old FF FasAe vert gaEgen
(1), PN S AT 49 FVE/} Brie A7ASEol
B EATK16). S in vitro ATXE ROSE F3A 2o &
AEE Z7MA(17,18) ZFAEL] HALE Ad|ge] BiE7]
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e T2
= 3tk Mody §(192 H,0,5 ©]-&8 Aol Alx f 4t
314 2E# 2 S/ AFZIAEF MC3T3-El xSt &
F7IRAIEFS] M2-10B4 Al £] A ER] B3E Asidhs

W33, Nicholson $(20)% H,0, X2 & ZIFM x| o} £
7t ZAEYAL, olgt Absld 2EH AR Qg Z2FAE tiAke
Aslle FAtsiAe] FoE AJEAS B

H,0,0l ¢J3ll A/do] FXE= TNF-a= A2 collagen
(21,22) ¥ ALP A4S JAISIAL(23), osteocalcin FHHALHS
Al 5HH (24,25), 1L-6(26,27)9F 2] M 254 22420 R (macrophage-
colony stimulating factor, M-CSF)S %1417 (28,29) I=ZA|E 2]
235 FAATI 2 FFE sk Zo®E EEA Uk
T$o] estrogen®] FE8PAY FotE]2 A AR 22 AR
gl A2 TNF-ao] S7h= Ithas % = T¥9 dgle]
Ao Z XX Jom TNF-a= 1 A9 T4 1T
oflgl thE cytokine®] A4S FXlet AsEAE Uep=d,
3] IL-1B &F3te] TNF-o8b IL-62] A4S 73] FXs}
TTE SNE AeRE HAHI JIrk(30-33). web 4kst
ZE# 2 (oxidative stress)ZHEH M EEGS HE8, H54
AEES JAlske AL St o B A5 SHAA 9
w7k A

P=H(Chrysanthemun indicum 1) =3}2H(Compositae)°l] &3}
= A 2E2 02 SEugelAs FF ogd ARG d
2] ®xsle opFslolnh £92 S Hu 6-10€ ZA
Agtstal A717F 1.5 em W)l £8-%27F 271 252l 23
Hol gt} shldM = T2 AR ARSSe £ FiEd A
Ry Aol gl ska, k8 fex FIZtelNE 3
7t ol ¥ Foll JrlsAY &, I3 5o o&sI|x st
ATH34). TN e HBE FTHEGHER AA HIAFE
of HAY w32 83| = Sh(34). ShefslxE SE, &
4, dYsh T8 935l 58 BHOE o8I UOM(36,37)
H oy AFES Bl FF(38), FH(39,40), HAZH (41-44),
1bsh45,46), 4T 24 Fol HeAL Arh

E AFoA = mouse calvaria 219 MC3T3-El ZIAEE
ol g5t =t dRke FEEC| AtsY AEFH A Adgoxe %
AL F2] B Egol| mX e 9SS A5 ROSAY B

cytokine 5ol PIX|= FIFS BA 59T

M2 ol o

T

Al
=

o

M=

=+ (Chrysanthemun indicum L) 735 GFA] F7]5A
2008\ 7ol Fufste] SX1RE) F AREERITE FE8 o
& HET APl AET AlFELS BT Sigma Chemical

N

= M=

Zr3toll Al gEA2] 108)(wv)e] 70% ethanols 713}
o 100°C F2FZolA 3AZF 5 FFFEFIAL, o] FEE
33] WkESln) FE9S o 2kx](Whatman No.l, England)Z o]
3} rotary vacuum evaporator(EYELA, Tokyo Rikakikai Co.,
Ltd, Japan)2 7Hs5d §F s47=xs] 2IAEE AAX
(vield: 25.3%, w/w), 15 100% dimethylsulfoxide(DMSO)°l| =
¢l & oJ3(Whatman PVDF 045 pm)ale] 23] AR&-3lTh,

o] Ak5}A 2E g 204 MC3T3-El ZZAE 7)%50l n)x]= 8k 83

ZEME uHek

MC3T3-E1 ZZ A 3Z(RCB1126, osteoblast-like cell line from
C57BL/6 mouse calvaria)= 10% heat-inactivated fetal bovine
serum(FBS), 1% A A(100 U/mL penicillin-100 pg/mL  strepto-
mycin)E 53t a-modified minimal essential medium(o-MEM;
Gibco BRL, Grand Island, NY, USA) HIX|Z 37°C, 5% CO, 3}
oA et MEE=7F 90% F= ESIEE 0.02% EDTA-
0.05% trypsing2-& AR&-ste] Althuj shar Aol AR&-sIA
th B3 =E 18k 10mM B-glycerol phosphate$} 50 pg/mL
ascorbic acidE F7}sle] EIF= wiRZ ALgsion, 2-3Y
ez A LaeTS,

ZEME BARE 3
48 well plated] 2x10%welld] ZIHES EFslo] 297k v
AR FF FE7) 3, 10, 30, 100 2 200 pg/mLo] EH%E
Hjekolo] HA7}ak 37} tamoxifen(l pM) 28] AlE#, 2 F=
AlE2F 03 mM H,0,5 37 XEjgt #o2 1ro] 48717
wjeFstdnt wlYg & MIT A19S SmgmL =2 20 uLE
wellell 7Fste] 2417F o] vjgst & HiA]E A|ASL DMSO
200 ulA H7ksted AAHE B84 formazan 2 S £30A
7 ELISA reader(Spectra MAX M2, Molecular Device, Sunny-
vale, CA, USA)Z 570 nmol|l4 3 =(0D)E =43tk Hx2
SAES AR FAEE U 3= U gz y
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Alkaline phosphatase(ALP) &4 =X

MC3T3-E1 MEZE 2x10* cell/well TE=Z 48 well plated]
T T ME7F 90% 23} A A2 10mM - B-glycerophosphate
9} 50 ug/mL ascorbic acidE $H-3+ W= wgkste] 2Uwic) wl
AE ZotaH ®IE FEIL, 64 F 7 TEE AR
tamoxifen(1 uM) 2] AE7 € 03mM H,0,5 37 AH2lgt &
o8 o] 4847 Mgt wiE AlZE= Dulbecco’s
Phophate Buffered Saline(DPBS)Z 23+ & 0.1% Triton X-100
< 71 3087 AEE lysis A1 F 13,000 rppmollA] 5E7F
AE2)sl] 5N FH3IAL ALP kit(Asanpharm, Seoul, Korea)S
ARgstel ALP &/dS SAsklnh. @d e 4o soulL 5
S5uLE 96 well plate] -2 T bovine serum albumin protein
assay reagentS ©]-83}o] A TS}, p-nitrophenold] THE EF
Fe =z}l 500 nmellx] 5785 ZF AlE A 2]<E p-nitrophenol
o] FH=(OD)EHH AF GAEE GRS dARew U
Fo] Gejeeld & o 84 S % (unit/mg protein)S AHE3)
ATH EAEHL iz gk MEEE YeRlSITH

Collagen &2 &3

MC3T3-E1 MIEZE 2x10* cell/well FE=Z 48 well plated] &
T & ME7F 90% 2E3FEA A2 10mM - B-glycerophosphate
9} 50 ug/mL ascorbic acidE 3+ W= wsie] 2wt} ul
AE Zotrn E3ME FEoH, 6¥ F 4 = AR
tamoxifen(l uM) A& A& 2 03 mM H,0,5 T Ae +
O = pFo] 48A17F wieFstsith. wiFet ME= DPBSE A%
T F2 sE24 IA AME-EE bouin’s fluid(saturated picric
acid:35% formaldehyde:glacial acetic acid=15:5:1)2 1A]7F IA
sttt o]F 32k FRTE AFHS T Ax3t sirius red A



54 AR EASEA A 44 AA 15 012)

(1 mg/mL saturated picric acid)> 2 1A17F &<t S5 I
3l 0.01N HCIZ A3 3 0.1N NaOH 02mLS H7sle] £
S AlA ELISA reader(Spectra MAX M2)E ARE-3le] 550 nmol| 4]
4= (0OD)E &33It). Collagen T (ug per 2x10* celly>
Zo] gk MEgE eRITH

Mineralization &8

MC3T3-El AEZE 2x10* cell/well TE=Z 48 well plateol]
e = ME7F 90% EskE|A] AEPH 10 mM - B-glycerophosphate
9} 50 pg/mL ascorbic acids et WX 2 wEste] 2dnic) HY
AE dolrEr ®3E fx3l, 10d F 2 72 A8 AT
o7 AlE 2 03mM H,0,5 37 XH2g o= o] 484
ZF westsin). 418 918l wiAE A ASIAL, Phosphate Buffered
Saline(PBS)E Al &3 5, 70% EtOHZ A-2o|x 1A]7F B+
ANAY. AEE ZPAZ) F 40 mM alizarine red(AR) solution
o2 10%7F Mt 3xF FRTE AFE H 10% cetylpyridin-
ium chloride® #7}ste] 1587F o] dME J=E ELISA
reader (Spectra MAX M2)E ©]-83}4 561 nmol|A 3= (0OD)E
2431t} 4133} (Mineralization) L& thzwol] gk W4
2 UERfSdT

ROS(reactive oxygen species) &2F &8

AEZ W H,0,9] A4S 2,7-dichlorofluorescein diacetate(DCF-
DA)7} esterase = AFslA] 7R3l 93] H]¥34d<1 DCFH
2 golAes) ol DCFHE €24k o3 Atsl=o] 733t &
&2 2 7-dichloro-fluoresceinDCF)E A3 EHE HTZ o] &
gt DCF-DA assayZ ROS A4+EE 43

MC3T3-El MEE vFgA]o] E53le] wdst & 80-90% 3
3l5)A Aleba wixE #AslaL DPBSZ A2 F 0.02% EDTA-
0.05% trypsin &S ARg-ste] FE3Ict. 88 MEs 44
2 ste] AENS A 7SI hank’s balanced saline solution
(HBSSyS ¥ol] AIZE F/AIX v #AF %71 5uMe| HE
5 DCF-DAE #H7lste] @3S =7 918l conical tubeE &
d=2 AL 37°C FFxdA 247 F<F shaking incubation
AZ ) olF YAl sle] HBSSE Al7|5ta DPBSE 3718l
23] M|2gt & DPBSE TA] #7}sl] DCF-DAZ labelling®l Al
XS wlASIA, fluorescence spectrometer(F-4500 FL Spectro-
photometer, Hitachi, Japan)E ©]-83}4] excitation 485 nm, emis-
sion 530 nmelA] MEel TR 7=t dgE FEES As
£ 03mM H,0, F43}aL 1,800%7FA¢] fluorescence intensity
35 743kl

Cytokine(TNF-a)) immunoassay

MC3T3-El AIEE 2x10* cell/well 3EF 48 well plateol]
et & ME7F 90% E3FEA] AP 10mM - B-glycerophosphate
9} 50 ug/mL ascorbic acidS $HF3F WIXIZ w3l 2wt wj
A& Zolgn H3lE Fsla, 6¥ ¥ 03mM H0,8 7t §%
H A5 A st 48A17F FF w8kt o]F Zh wellollA
TNF-0& &3 vlA(medium)E 3 3l4] enzyme immunoassay
system(R&D System Inc., Minneapolis, MN, USA)E ©]-&-3}4
AzAre] g WRel we} TNF-oE 578 3k3ith

EAHIXz|
A3 A= BaH EFEQ A (mean=SEM, n=6)2 JERIAC
o, AR SAS programe ©]€3F one-way ANOVA

115 -
5
€ M04q T
S * =
s i T
3 105 , - _
=
100 4 =
g
> 95
Q
(§)
90 T T T T T T
= = 10 30 100 200 CIE (ng/ml)
- = + + + +  0.3mM H,0,

Fig. 1. Effect of CIE on the growth of MC3T3-E1 cells under the
H,0,-induced oxidative stress. MC3T3-E1 cells were cultured with
vehicle or CIE in the presence of 0.3 mM H,0, for 48 h. Data shown
are mean+SEM, expressed as a percentage of control and the control
value was 0.33£0.003 OD per 2x10* cells. Different marks (*, *)
within treatments indicate significant differences (p<0.05). CIE:
Chrysanthemum indicum L. extract
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Fig. 2. Effect of CIE on the alkaline phosphatase activity of
MC3T3-E1 cells in the presence of H,0,. MC3T3-El cells were
cultured with vehicle or CIE in the presence of 0.3 mM H,O, for 48
h. Data shown are mean+SEM, expressed as a percentage of control
and the control value was 8.33+0.55 unit/mg protein. Different
marks (¥, *) within treatments indicate significant differences
(»<0.05). CIE: Chrysanthemum indicum L. extract

(»<0.05)y2 AAI5t] Duncan’s multiple range testol] 2Jsl] A|&7F
o] o4 zolE ARSI

=t olehe FEEO] HO0,2 FEd Asld 2Ed 2 A
A Z2FAES] F2 Al WX s TS gotrr] 98, WA
| e H00 tg ¥S=E dolr T2} Cho(48)2
ATE Fxste] 2x10°, 2x10% 2x10° cellwell FEZ A EE
seeding 3t3L 0, 0.1, 0.3, 0.5, 0.7, 1mM ¥%2| H,0,5 A&}
of 48717k Wit & Alx AEAES Atk 2 A 2x10°
cell/well i+ 0.1 mM H,0, &%, 2x10° cell/well = 03 mM
H,0, 5=014 50% o]8le] AlZAESE YelAL, 2x10° cell/
well & 05mM H0, 5EINE f9)3 7H4a2 Hox| glo}
Cho(48)°] AT¢t Ak Az vepd S Rl 2 JF
o= 2x10* celliwell & F2E ARESIRCEE H0, 5%
£ 03mM E AAst] 75 WP

H,0,2 F=8 Ahsld 2Eg 2 AdeolA 7=t dets 5%
o] ZFA|E T2 nRe YT FHATHFig 1). H0,
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= FEwo| AsA ~EY A

Ag)do 24 MC3T3-El Z2FA| 29 o] fo8og 71is)
R, ZAFAE JFo] 7= ek %%‘“ Aol o3 F=
olEHo® Z7} ko] 30-100 pg/mL F LA ﬂ}i%(-/ﬂoﬂ H]
g o8 Zolg Yepem 100 pg/mL =AM H,0,5 A
2)5kA] gk AlZZ(-uv] FH) 98% FEoz 3EEHIL
olgd A3= 03mM H,0, Ag F MC3T3-El ZZA|E]
F2lo] FeolFeg 7HAEl o™ 10 uM apigenin ool o3| 7+
A% F2o] ﬂiﬂa’i%% B3 Cho48)2] <9t 0.3 mM}
0.5mMe] H,0, 3] F Al FF71AAE fFof 2FME] F
2lo] izl Hls] fejdoz 7R e SmMe] NAC(anti-
oxidantyg 0.5 mM H,0, Azl #g Fo] A] 0.5mM H,0, &
= Al vlE] F2lo] iR SIS HIAIg Oh(49)
o] At fAKSE AES HQl Zlojw, Aksld 2E#H X7 Fth
59 ele] drk= o] AFAHES MC3T3-El Z3A| 29
P EHoA BRI Ader & 4 Aok ES 7= ol
ZE0] 30-100 pg/mL F=oAM H0,Z2 Fx8 Aksha 2~
go] 2FME F2E Fo)HoeR FT/MIZ AL it
B xS o] &35 vERA ZlolE ALRER
e FEE FL7} 100 pgmL olslolxE &
Holu} F%7} 200 ug/mL o Frish @aksl =
Ao M Ert.
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Alkaline phosphatase(ALP) M0l st d&

73 oee FEE0| H0,2 FE3 A8k 2Eg X A
Al ZFA 2] Rl mXe TS YolHIA ALP B4S S
A8 THFig. 2). MC3T3-El ZZFA| X2 ALP &4°] 03mM
H,0, A&l o3l fojdoz 78S RIS 4 Ut 29
U HAaE ALP B4 2 T dEE FEE i% o o3 F=
dJEHor Ik A Bol 200 pgml FEAME dET
(=) tH] 153%2] ALP &4 55 PEMOEW frol# Aol
f—'_ ioﬂ

H,0,°1l ,,]6]— ALP 249 94 4= 0.1-02mM H,0,
YA B7] Z5712A xS} TAE fEl Z22A 2] ALP 84 T
a0l o]t #ﬁ}ﬂaﬁ(so 2 F T Fol 23AEY] ALP &
A AR QI 13 G frARE AREHA, AstE 2E
g7} :a:ﬁé**oﬂ #Holshs ALP S48 Ao ZH 234
7o) dgle] B rbeAde ERIS ZolEk AlREIL 28X
H,000 <8l 7aE 22A|xe] ALP 84S 5. At@_i =
TR A = dEe FEEY FAEeE B8 A2
=% o] 7FsAES AlAKE Ao, 1 23 Z*Eh 0.3 mM
&i}@ 2E# 2 Fgox A 115% ALP €43
&FslahEre] FEE(10 pg/mL)(52)2 Y]

o2 B3R e Hls] ALP 84353
Sl

e

—=
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Collagen gHadof|l cHst u&k

A= ol FEEC] H0,2 =3 Atsld 2E# 2 g
A ZZME9] collagen 35S 73 THFig. 3). v A
2gk M EZ (-l ¥ 0.3 mM H,0,5 A3t M2E2] collagen 3
ZFo] fojFom asigleon, 1 Aes FEE A o
collagen e )4 Afo]& HolR] ¥yt

H,0, Tl €]t collagen T3] 794 i die AHshH
ZEH 20 s 2714 A7 23E F deS AAekE A
olH, H,0,0 Y3l =¥ ZZAHE collagen T #3He o
Alshks 945 HAvhd Aot FrhEE ol &3t

QE

214

of| A MC3T3-El &Z

AE 7] mAl= 9 85

170 -
160 4 —L
150 o
140
130
120 4
110 4 T T
100 — L T
90 -
80 T T T L T T
= = 10 30 100 200 CIE (pg/mL)

+ 0.3mM H,0,

Collagen (% of control)

- + + + +

Fig. 3. Effect of CIE on the collagen synthesis of MC3T3-E1 cells
in the presence of H,0,. MC3T3-El cells were cultured with
vehicle or CIE in the presence of 0.3 mM H,0, for 48 h. Data shown
are mean+SEM, expressed as a percentage of control and the control
value was 3.26+0.12 pg per 2x10* cells. Different marks (¥, *)
within treatments indicate significant differences (p<0.05). CIE:
Chrysanthemum indicum L. extract

110 < *

105 - T T _I—

100 < e

95

Mineralization (% of control)

90 L) L] L] L] L) L)
- - 10 30 100 200 CIE (ug/mL)
- + + + + + 0.3mM H,0,

Fig. 4. Effect of CIE on the mineralization of MC3T3-E1 cells in
the presence of H,0,. MC3T3-E1 cells were cultured with vehicle
or CIE in the presence of 0.3 mM H,0, for 48 h. Calcium forms an
alizarin red-calcium complex in a chelation process. Data shown are
mean+SEM, expressed as a percentage of control and the control
value was 0.355+0.005 OD per 2x10* cells. Different marks (¥, *)
within treatments indicate significant differences (p<0.05). CIE:
Chrysanthemum indicum L. extract

Qe Aoz Algdch aE ) B Ao 7 ofgre 2EE 3
E3lA71(6)eM = HO,0 olgh 2z 2] A3t
collagen FA5E FolHoE F7M7IA= K3t

Mineralization0f] CH3F 24&k

A dEE FEE0] H0,2 F=3 sy 2Eg 2 e
Aol ZZAMES mineralizationol] "X+ FIFE A3 =
Fig. 49} 2tk H,0, XAl vt Aglgh Ax(- S
mineralizatione & o2 FAS AL, A=t derd FEEXE
o o3 T= 2EH S E mineralization®] S7F 7S HoJ 200
pg/mL EEAA wf gt g M EL(+) TS 58 o
IR o140 2ol BE

olg1g H,0,°1 28 mineralization®] 24 A 0.5mM
H,0, T2 ZZAEZ E3X%Q 7148 calcium 9] F24
#A4E B Oh@49)e] A7¢t FARE daion, Aksld ~E
Y27t Fohaze] Yglo] His o] A1y 7 1
79 H,0,0 o 1“—/‘%]4-4 A e} calcium $HEF FhA
HAME AFs Zolgt & 4 vk 2 = dgs &
o] H0,2 fFx=3 4kshy Z:EEﬂZ: gl A ZZMES] miner-
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120
100 ‘j‘;?
",ijl
> 80
K
c
3
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8
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28 e}
af
e
<
&
8 aof 3 ug/mL
~ 0.3 mM
H,0,
20 pM Trolox
l 0 uQmL
20 - A 100 pg/mL
0
600 1200 1800
Time(sec)

Fig. 5. Effect of CIE on H,O,-induced reactive oxygen species
(ROS) production in MC3T3-E1 cells. Loading MC3T3-El cells
with DCF-DA were treated with or without CIE, followed by
addition of 0.3 mM H,O, to cuvette for the quantitation of the
fluorescence intensity, which was detected by fluorescence
spectrometer with a magnetic stirring device. Trolox (20 uM) was
used as a positive control for reduction of ROS production.

alization F7HZ A= Aksl ZE# 2 o8k MEE W
7S AARSE Ao, 2 33 Hrve HAEvRAd,
9, Fd 4 So| J= AR BHuE FEEFIIhHee 2=
=(10 ug/mL)Q] 03mM H,0, | g]5Fe] MC3T3-E1 ZZA|E9]
mineralization <55 B X2l Y] 96% == 3|EA|Z]
AF(G2)SE H=3E FF0 Ao w Vel o2 AFHERYE
B 7= dehE FEE Ivhs A A HASHAA
AH a5 71 = AS Aoz AsH T

o=

o r_ﬂ
N

M= Wl ROS(reactive oxygen species) 440l CHEt st
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