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— Abstract —

The Toxicologic effect of TAFMAG on RAW 264.7 cell

Hwang-shin Chang, Kyoung-ah Kim, Eun-kyoung Kim, Jin-ku Han®,
Ji-hong Kim, Hyun-wook Kim**, Young Lim

Department of Occupational and Environmental Medicine, St. Mary's Hospital,
The Catholic University of Korea
Institute of Industial Medicine, College of Medicine, The Catholic University of Korea®

Department of Preventive Medicine, College of Medicine, The Catholic University of Koea*

Objectives : This study was designed to evaluate cytotoxicity of TAFMAG, which is a
trade name of natural mineral fiber mined and produced in China.

Methods : The cytotoxicity of TAFMAG was evaluated by measuring iron content,
lipid peroxidation, erythrocyte hemolysis, and cytotoxicity in vitro. These results were
compared with the data of chrystotile and wollastonite as a positive and negative control,
respectively.

Results : There was significant increase of Fenton activity in TAFMAG and chrysotile
with dose-response pattern. The iron chelating agent, desferrioxamine, significantly
decreased Fenton activity of the particulates except wollastonite. TAFMAG and chrysotile
fibers significantly increased malondialdehyde concentration from lipid peroxidation of the
red blood cell membrane, In erythrocyte hemolysis test, TAFMAG & chrysotile had
stronger effect on erythrocyte hemolysis than wollastonite with the concentration of 1,000
g/ml. Furthermore, TAFMAG was more hemolytic than chrysotile with the concentration
of 5,000 g/ml. There was a significant cytotoxic effect in TAFMAG and chrysotile on
RAW cell compared with wollastonite.
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Conclusions : In vitro study suggested that TAFMAG may have a similar health haz- -

ard as usual asbestos.

Key Words : TAFMAG, Cytotoxicity, Chrysotile, Wollastonite, Fenton activity, Lipid

peroxidation
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ANFE 4ol B4F AU da28g uyd
A, Usigde] st wldAlest wob 4% AR
A R AR AFZR] o dy AHgEHogoy
2 1471 B¢ Hg, HHFHF, HAdeF F 3
B9 AWE F¥(Rom, 1998)3H8, EAAA
EAE vl$ 2 Rog SAEAN 1 gAEde)
M g APYFA e w3l Fo daAo] Az 7t
Hugle S,

ML o] 5 Ao shd Ao} AU
o Fdsel @AMEYG AXHZANEE AP
A7 olEF e 9F % AR g Ay
o7 EXA+E ZYsich(Begin %, 1989). 2
Huz Exd 93 A N Eayen £
AA RN = LHT BAA] UE Re= 4
goh. FEAQ ARY X 9% AXE4dL 9y
712 71dez A9=En Aok, 39 YHz FL
AfERY A5, Hol7t AW HF A58 Eojst
g4z go] Brleding AXEHS vepd £31
1, §AE Tt A= e FdE #2
3 G A E}e] ¥kgo] oste] AAE urgA 4
47]-5%] hydroxyl radical(e]ét - OHZ 93h)-
7t Mxete] AAANsE fdsie whgo] dojit
71%= ¥} (Halliwell and Gutteridge, 1986).
HAWAA - OHY HAL F& v £ do|gsk
3 #A7 e, - OHol FAAEAE doy)
t Aeg g3 wel(Harris 5, 1992) A&
U E3 vldlg 5o 94430 w2 AUREL
A JeEte ddo] - OHAA T #del gitdn
& A o '

MNAYAEAZ o] ude FEY HAHEAE
& RE A (silicate)o.2 MWy} FE3H
dEol FAKstE Zojgt unle w|Z} 3:1 ©]/de)
AP E 3taglel, A A & e F3AA

o thale] 73 o fo] AriFn et o] 9
& wehgoly AAMEAS AL ol FA3A
A QA Y dEelth(Rom F, 1998). ©%
o] & UM E FAF JEEML EE
NEAQA EAHIE glo] dHFFY AN FE
A7 AHYAERR Y59 AEHTn 3o
o, o|EL JAESE YEEFHY Y=Y YE
o Y FU9F 2 FEARA Ui AR Ho
UA ge AP}, E3) Faolr £ AL
HudE HEZW(TAFMAG)S Ads §A13E A
E 9 7228 /A2 dde X (RAFIY 5,
1998)% URAITE FRUA] MAA A2 £7FH 0
YA E AUR EHHo] HojUA & AH
2 AM-E T g

webd Edte B3t os Mo 3 FHF
g3 YA (38 F, 1998) =T -9
- OHAA %% MES4 agln MEehe] X3t
3o R+ 9T in vitroRF A HAE U 7
A7} vlswsle] Yol nz} sH,

S

Chet 3y
1. 47 FEHET

1) Bl (A EE)

Fae] AANHE YolA glon, BHRIE
Holx EA(T-Y-20)3 - 3HT-4-200& Eole
#30] BAY o 4T ALHAE 200 4 o]
e Wolg 2 MHE Heiglold Aalel F7H
$@ dolz W] fAste] 792 Aek AL
o ZobA ALgsisich. ,

2) Mo

A dxRTo2E on F4o| g Mde ¢
Z9l MM (chrysotile)-& ol&dtict, EAFd
AMgEold WH e JRAGAHSH YN B
Z34g X189 JAWE111S AM&-83ct.
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3) natural nonasbestos fibrous silicate
LAY ETLREE AQHIYEe s FEA M
ol AR o g EAdo] AL 7314 (wollastonite)

o] o] &HArHRaymond 5, 1996). ¥4H) A}

4-5]0)A }3)42 The Japan Fibrous Material
Reserch Association(JFMRA)JA EF3}3h
JEM EFEA9 W01-& o434},

4) 3EMAMT MR Ho|REEY H 2TAZ|

Age] AL4E FEAMER GAFAT Aot
Hole] EXE ZABIYTY. pore size7} 0.8 pm
cellulose ester membrane filter& vacuum fil-
ter systemol] Fddtd AR} FEZ IJNF FE
AdH 499 1 mlE JFA2 F 95 % ethanol
2 A3l membrane filterg& AZANE
slide glass 919l acetone vapor2 A3t}
Walton-Beckett graticuleo] 48 9413974
22 400 w-€°)A membrane® 13 slideS
{EIA gF ARFE BN HRdel X
& 233y cH(Table 1). RE BAEL As7d
WELE AASZ] Hekd nPEdsnes, 4=
ol me}l phosphate buffered saline(PBS,
Sigma, St. Louis, Mo)ut wiix|ol] #]4jste] 2417
B 2EuA R & AFSSIT

2. A HE4 M7 Fenton activity 33
% HApELE Xz2)o| mE Wt

1) #24 M7 DesferrioxamineX2| ¥ &%l
S25E 858 M5
A4 e & AAN] 93t £21& 25
mM®] desferrioxamine(Sigma, St. Louis,
MO) &9 37 TolA T2A13 B¢ A2 F
10,000 rpmeilA 10%-3F F4¥2)8dct. A3

ol desferrioxamine°l] 2|3} ¥AozRE &2
g Ao F& 3] Askd Varian SpetrAA
250 plusE °l&3la] 248.3 nm¥] A Ho)
g AA¥Y(atomic absoption analysis) Al
PP n, 2 B PRSE 3 MYt v}
Aoz PBSE ¥X9 ¥x7t 10 mg/ml’t %
£ 348}, desferrioxamineS EF3A] @G
ZHTo 2o 2oz BAE AHuEsld A& &2
B4 e tlRFo R o] 83

2) =M MRel Fenton Activity

®Re] Aty QAo WslE doluma B
79| fenton catalyst22A9] 2858 deoxyri-
bose® 7 & &4 (detector material) 2 3o &4
sthA Al &, 1997). A PH deoxyri-
bose 1.0 mM, #t3}44d 1.0 mM, ascorbate
1.0 mM, zz&ls 0, 10, 100, 500, 1000, 5000
g/ml®] chrysotile, T-Y-20, T-4-20, wollas-
tonite® ¥1 37 CollA 30%7 ¥HE-AIZIF 1,200
gollA 1083 94&8-a8. 2% 429 1 mlE
FodA AFHsIY 1.0 % thiobarbituric acid
(TBA, Sigma, St. Louis, MO) 1 ml$} 2.8 %
trichloroacetic acid(TCA, Sigma, St. Louis,
MO) 1 mlE €2 100 ColA] 1087 w-gAI7 £
Aol ol WAAAL, =3 AR A3}A 4 9
g fenton activity SAI&ENE Lolir] 9)sid
25 mM9| desferrioxamine® 7 ¥ 1000 pg
/mle] EAEToA fenton activityd 233t
t}. microplate reader(EL 315e, Bio-Tek Ins-
truments) 2 532 nm®} g FR=E FH s}
Aok, AlRE SR EHElY NHE EAEg Y

Table 1. Number and Length distribution of Mineral Fibers

No. of fiber/sg

Length distribution(%)

5~<10 #m 10~20 #m 20 pm~
Chrysotile 2,237.25 9.5 48.3 41.1
Wollastonite 942,12 52.7 46.5 0.8
T-Y-20 716.47 56,8 37.8 54
T-4-20 609.46 52.5

46.8 0.7
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3. HYT SENS

- Abge] AYTE PBSE 23] A% £ PBS®
At 2 % AY7AL HEQUD. 2 % AETY
o) Ztzte] FEAF-E 10, 100, 1000, 5000 #g/ml
o BE2 FAsle 718t 37 ¢ollM 1A7HEE Wt
LA & A48 (Kennedy 5, 1989).
Azoie] A2 (hemoglobin) %2 spectropho-
tometer® ©|&3 540 nm TN R3] B
Ao g% LUFE(AE)E Golrgict, £Xo| ¥
ARk PBSTIe R wHEAlZl RAE SAURY
(A0)2. &, 0.5 % Triton-X 100°] #&%¥ PBS&
WAl AL 100 % 4¥E Yo IPdu=ze
(A100)2.2 3] SPNELE T3,

4. BEANGO E2E HETOe] NDNSE

&%

2 % YT 2 miol FEYHRF-EEZE 500 #g/
mlZ 3l 12413 E<t 37 € CO, incubatorelA]
wjeFgt & TBA, TCA 281 0.01 % butylated
hydroxytoluene® H1 20% F<¢ 7ldsiidt
(Kennedy %, 1989). 2000 g2 9A4¥g 3
Ay malondialdehyde =8 532 nm 33
dre] FH=AA STt BE Alae 43 g
BA9E ek

5. RAWAIZS] NESHZH

Atgrel A E QESRA AJdo] AL Zeo
2 g8A e dYT AEFU RAW264.7
(ATCC TIB 71, Rockville, MD)& Zde] ¥
o ¥ NEZEASZH (Aol T, 1997)9) o] 83
t}. 96 well plated] RAW 264.7 A X & 2z well
F 1x1047 F58 EFstm 2443 <t CO,
incubatorell Al Wl F 23] AUt £3e]
F3HE vl Z Lol UAIZ B¢t O] Hi R
), ol EA9 F=E+ 1000 g/mlE g9t 100
% MEEA AFE(A100, TX100)+= viAl] 0.05
% triton-X7} TFHEE ¥, 0 % ATEA9]
AF(A0) = WA THE ol wjgst Fo B 3] A
EEAGE JAEACT. whgo] B dF PBSE AFs)
3L 0,006 % neutral red’t ¥ phenol red’}
e AR Zole F T5ERT Wkttt wigol

LEY 47 TAFMAGe] S4&n

:'é"‘&:?_- PBSZ tA] Al3slsr 30 % ethanoldl
0.01 N HClo] EI}HEZ & £39< 719 ¥
532 nmolA microplate reader® ¥FJ=g &3
sheich

6. EAIN Az

ztzro] Axtol dha] wim,A EAEME dAjst
gdow, FH 2L SAANERTH Wilcoxon rank
testE dlo] WlmalAth. ASE $29 F=Fvl

2 Agdzte] WaE 198 GLMS o] 43d
A¥e AR5

2 I
1. #84 MRolM 858 Y

Varian SpetrAA 250 plusE ©]€% atomic
absorption 423 WMH & gzue] HEF
o] T3]l vl& ¥A JEbsten desferrioxam-
ineo2 FEA HHe] EE 247 An AR
FFe HzgdfedA o A JYelstH(Table
2).

2. 28

2| fenton activity

BEA AH 500 #g/mle FEA fenton
activity® £3% 23 PBS &7 v]3l 73
g A3 EAFAN F3A FviENeH
(Fig. 1)(p<0.001), ¥r-g-E2e] =7t S8+
fenton activity® #Fel8tAl 3718k A%E B4
H(Fig. 2)(p<0.05). B€ JEA AFA 25
mM9] desferrioxamine2 2 coating? #32
1000 pg/mle] F=8 HA &S fenton activ-
ity7} #-9)8kA AAstHFig. 3)(p<0.05).

Table 2. Extracted iron content of mineral fibers

Iron content(ppm)

Without With

desferrioxamine  desferrioxamine
Chrysotile 0.62 27.20
Wollastonite 0.04 0.52
T-Y-20 0.20 48.50
T-4-20 0.34 60.30
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1.0
*:p<0.001 " *

0.8 +

0.6 ~

0.4 -

Fenton activity (A;,,)

0.2

ool L1

control chrysotile wollastontte  T-Y-20 Y-4-20
Mineral fibers(500 ng/mi)

Fig. 1. Comparison of fenton activity of mineral
fibers. Fenton activities of fibers are
compared with media-only(zero-control)
group and wollastonite treated group.
Fenton activities of TAFMAG, Chrysotile
treated group are statistically significant-
ly increased compare with zero-control
and wollastonite treated group.

3. HYTSHeESEY

Z FEAEAREY AYTLINSAEE S
$34E a8 vwsiA(Fig. 4). TN A ¢
1000 g/ml®] =714 A2l W3yt guon, HY
AT e ZAA ALl 73 AP HlE fo
3lA Tt (p<0.05 at 100, 1000 g/ml dust
concentration), ¥%7t 7§ v} £8P
Hlalste] F7kehe FE BATH(p0.05). et
5000 g/ml8) ¥ EAFEdME AR
@ Aol olux|ul gxulFe] WMATHT}
|¥kgo] &A vyt

4. BEYMFO B2 HETe)
RIZIRIAEIE

2 FEAY AFE 500 mg/mle] FE2 FEEA 2
% MGl HGANF AMxute] AAFNSAH =
& 54 23, WoEs qEde) § F{ FEA
ARTe AT A5 dzd L 734 Helwo H
3l Zkzt frelatA S718k A THp<0.05) (Fig. 5).
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® chrysotile
» wollastonite
A T-Y-20

v T-4-20

’ S I .
Dust concentration(x100 pg/ml)

Fig. 2. Fenton activity of mineral fibers(Dose-

response curve). Fenton activities of min-

eral fibers observed at the dose of 0, 10,

100, 1000, 5000 #g/ml. The fenton activi-

ties of all particulates are significantly

increased as their concentration increase.

There is markedly increased Fenton

activity from the dose of 100 #g/ml in
chrysot;lle TAFMAG group.

: Statistically significant at p<0.05 com-
paring particulate with wollastonite
by Wilcoxon rank sum test.

. Statistically significant linear incre-
ase with dust conc. level by GLM
trend test.

¥

5. RAWA|Zofl CHt MuEY

2e FES) FBYUHE Age BHAES £
ARE RAWAZSH Aclslig o, 449 2 s
o) B4o] AN AATA WA fIA #A
epkov] WD I faleldlE ReltA ¥
$oH(Fig. 6).

o #

A A 294 delA EHE’EF] e
S shioltt. Mde A SAde ud
A, BAY, WiRAA, vnkey, nar)1ddd, ul
GFA, W74, B4, Wik, 2P Fol
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1 without desferrioxamine
with desferrioxamine

Wk

Fenton activity (A 53,)

T-4-20

chrysotile wollastonite T-Y-20

Fig. 3. Effect of desferrioxamine on Fenton acti-
vity of mineral fiber. Fenton activities of
all particulates are decreased with desfer-
rioxamine treatment. But decreasing
degree is smaller at Wollastonite and
TAFMAG than that of Chrysotile(statis-
tlcally not significant).

: Statistically significant at p<0.05 com~
paring with and without desferriox-
amine for each particulate.

: Statistically significant at p{0.05 com-
paring particulate with wollastonite.

%

e, o Aoz A A2 AAYH T
B ARl S8 AR 1960dE A
3o Alg#Fol A €A (LaDou &,
1997). AREo] sl NP APS e
v AL RuAgEE @z ulelAwt, 19559
Doll 59 ¥xAte] o8 HAat sstate] A3t
A ol¥ A7 HisF, HYE, AFIF,
Hoe 3l 5o Aol Mdoz <la fudtin
g21A Aok OE FEAY dae vRRVIAR 9
S %S W Aol (FATR)LE RAAE &
do] o Ao FAHRES Wl U7 o] A3l
W75 AP AR} Aoz A Uk
AqRe e A og Serpentine typelchryso-
tile)® Amphibole type(amosite, crocidolite,
tremolite, anthophyllite, actinolite)e.2 &%
Hr, EdgdE AXEAo] £ g U4

70
@ Chrysotile

W Wollastonite

60 - A T.v-20 -
v T-4-20 e

50

40 -
30 -

20 ~

10

Hemolysis (%). 100-[{(A p5-0"Ae)/Ap-Ag} X 100]

0

T

10 100 1000 5000

Fig. 4. Effect of Mineral dust on RBC hemolysis
(dose-response curve). The RBC hemoly-
sis capacity of Chrysotile and TAFMAG
is significantly higher than that of Wol-
lastonite at the concentration of 1000,
5000 #g/ml. As the dose increase, hemol-
ys1s capacity has increasing trend.

¢ Statistically significant at p<0.05 com-

paring with wollastonite.

: Statistically significant linear increase

with dust concentration level by GLM
trend test.

*%

WA (chrysotile)©o] AM-EHAT. @y o Fo
B =Tl ¥ vz KU AR A g
PR AV 23S, ZdE gAgHo s
U Hojdu] M dig AFLMES EHe=
Ade] AH2 #A3] ZasHn . olHd A
A A7AHE 7S F e Add o g
AFF € qAEA ML For A UE F 4
. A2 3L 7P e] Agstn N ot
Z1=e] A7 QA AstE|ojrle FAE A9 18
HA ¥x lem oAl e A ER ALHd 3
g3ln e Aol qdg YAshe 83L& =2
A AAL FEF A2HHF Fol Aoy HIHA 9
FEA HRE AYslae 398 S Hurd
g AAoly 714 E3F & Holt}, wely ol
# BE @Hdx B7stn AdgAEdg AHes
€ olfr= Mo U AAFEA wEol Aol
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o
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1

contral  chrysotile wollastonite T-Y-20 T-4-20
Mineral fibers(500ug/ml)

Fig. 5. Lipid peroxidation on RBC membrane ex-
posed to mineral fibers.
* ! Statistically significant at p¢0.05 com-
pared particulate with control group.

ok HZ Mdoly 1 g dsle] MEEA
7 F7HAEA cytokined] B, NTALAA
L el FF AFoA olE EH JANAFAR
ol g Bnrt AATHY 9 F, 1998).

Ao YLD € Az e F, Fdo}
TAAA A FT] JFAAREA AE A o
£ BHES F94%ka e, ol oA B
B2 0 2 HFEA gol o]E BAL AHgde 2
2259 AZEA - sl FAE €eE Tt o
Zoj e AEHes fAsrladEMgOH) & &
AECZ 3, EAZA el vio] A FFol
Ak BRE e A FEANAE RS R
ol TSwd @ f-3& Hole Y-20, SX, SH %
o2 EREt o/F /X ¥ FEde £YH
FroA AZEH, WA TS FAagel=g &2
2 Az, 2F UA ARGIMageE)E
A, Az, 24, DA EF)s Az, bz
< PBS9 A& A4 wi¢ 238 44e vt
21 glon 259 $4& s YA E7171 )
+ BTt wetA FFie] dPsher HA G
olglgol AT sz FEFA o] thalA
T FIRAALH IS A st T AE oA
Transmission electron microscope equipped
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Cytotaxicity(%): (A-AJI00(AA o)™

chrysofile wollastonite T-Y-20

Mineral Fibers (1000 ug/mi)
Fig. 6. Cytotoxicity of Mineral fibers on RAW

cell.

* ! Statistically significant at p{0.05 com-
paring particulate with wollastonite.

** . Ay Ajp and Ag were absorbance at
532 nm of each cell of 0 % lysis, 100
% lysis, and sample.

T-4-20

with energy dispersive X-ray analyzer(TEM-
EDX) E4& A% wh(Fig. 7)., ¥eizks £42
3} hollow tubeTtZ& 7K e, Heole 2
~5 pm o439 Af3E JeERit, $Y 7]kl
A AR JEENED HEde] RS A3
vl gelyt FAEEE chrysotiled? Hl&=3lgo
W, AAENATG JA] FAGE S BAT

FEAY Y Ry 2 dgEE e
oz FEA Ao W74 € 884 43, A
BEAN 53} Fenton activity23d, H¥7 L8
%, AETFART AR, HAAYAE 2
MR M ZA X MEZGSH L AAHLIS W
€ % ol& AXLoM EHslE cytokined] W@
A 5o 9 o] AHsEn. & e &
24 9 ARy AMxsAste] Aaddd o
M e FHE v QK FHAF 5, 1997).

H =3 chrysotile, wollastonites 2% A+
Y Fieg, FAGEAd o AEsy o #HA
of g E4L /IR ee 714F e Aot &
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8% J8e = ez ¢8A Ut 2% - OH
NE FAR S s, weta B9 A
o] Ql&Aeg Wolxn gIrthHarris 5, 1992).
AafEl7lol 2§ MEEAS] X ¥/t He Fenton
activity® ohe B84 A+t vlasy) g8 AR
o tigt FAEFFE 53 92 hydroxyl radical$
A% A7, QEYoN & HEHFI tjio] &
Fukg-o] APPAE ngor ARIRFLS WMy
B} #1334, a2y WA A-S desferrioxam-
ineo.& MA3-& W Fenton activity?} 90 %7}
Fo| Zt2EIAE Holg Ao Wl AulR oz 2}
z} 20 %, 30 % B=9 ¥ FAARE Kol A
o daide A |99 Ae|F&E0] BAHHAE A
oz F39d.

ARy B g3 YEFAQ e AR &
ol9} Y] mElxm, %A F A HAo] Fa%
ggrgololt), webd B AFdie 931402
& ARgslo] Ayl AMSE AAY Bxlo xAet
Zolol BEE FAFE T

AvFe) el delo] @ddte Axgvkz] 2L A
F3Hd WiEd Bule F=E golraxt HYT
& o] &% NAIsiwel SHUAEE AP A
H A A FolA] A2 HlE fol3A ¥
< AAFGAEE Jehidon, AYF LY
o A9 &3kge ARAAE BT HxXLY
B B A AAfE7], 83 - OH
of ojste] IpatslElW A xuto] SIEAEA i3}
AHEo] FrtEYh, BXIAWMIoly Ae] s}
€9 darAe=z hydroperoxideZl 471m o)A o]
#a€ oA aldehyde, ketone, alcohol, hydro-
carbon, ester, furan Z2]1 lactone%°] A3
t}. malonaldehyde(MDA)+¥ hydroperoxide®]
8% EHAEZA lipid peroxidation®] 233
9l X E2 ¢EA cHDalals, 1990). FEA A
f 2 feltakgel 23t Fenton activity, 233}
AR, HYT LUALE T FEN] AV
e, MEe YEE(viability)HE LHE F&

A7 8o Hug v JAcHELF, 1998). A3

o] AME FEA EX9] HTAH X 7 M
E4E FH37) A3 AHEF @AES: A4S
3} ¥ AHAAE 10, 100 g/mlel F=olA 2 B
A2 HOE Ajolg Holx| gsted ole FEH

¥R $AE AA Raigy) MELE 4ZE
o Hde gARAZ 3N Y952 Je B
A9 Ul HZuo] 0@ r)&e) BalH £N7
T ERZ SAEHE ANY AT A1ERe 9
Nulel 40 fAlEH, oA BREA @e
AzE FH Hu-A9d 5448 e s
Qo] grtm YzEn), ; .

£ A7 in vitrod] ATAHAE AA| YA A
% MEEAE A3 wdax Ficke A% 244
28 94 %ain 4FY TAFMAG 448 73
o AME37] W EE3E ARE o4 4 g
Yoke Aol ARPoZ Arar). A 9P AX
Eqole BIHY 4A% P B4 9%
¢ "AEs, ¥ EFHY AHE ALl in
vivo 49 §9 47E ¥ PARA 5P
o)RolMol T Aoz HZETh ER PN AFE
ulsh go] ASER e A4y £ A7 4
Aste) 0] FFE "I § 3N £ A7 A
Boz PR Awsle] HAURAR A%
ENg ngea o8 RAF A7/ dasitn 4
zteiey,

2 <%

5 Ad dAERR fYH9] AHER de
B Zae] YA ML WX B dolrnz} 3}
At

HH  In vitrodlAl £29] Fenton activity &
A, AT £ENS, AYT AR A AR
e 24 2 RAW 264, TA X oIt MXEA
52 At MAE B F3M0) AgAste} vlw
31t

Ay : =99 Fenton activity® 3% 243
iz 2 34 vig feld F7HE B A
2@ 29 3=/l #¥245% Fenton activity®
ZF718 e F4E B AET LN E
A A7} 1,000 g/ mlo) FE7A Bz L A9y
A oA FAA T v FAFd des
Her, 5000 g/mle =AM Aldle oI
gFo] WAHETL & 2ENES BYn, AYT
Axete] ot Al g xe] g WAH A
AEdA dzF L FHN Az W fog
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A5e BIY £ A9

AERAAT] N FEY A0 FFE F4
) A3 AELSHANE ABF D3, BAE o
Hzee] GHAERe| g ATSYE FHAHe
2ol Ws) i3 7 erse

AT} : olae BEA ARe) ALSHAR B
@ Aue =Ye) AYARE FPW, Hzme
AT FAAZELE dehle] o2A% FF
AR @ 277} Basitkn YaEct

g

0
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