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Antioxidative Effect of Typha orientalis L. Extract on the Oxidative
Stress Induced by Cytotoxicity of Cadmium Sulfate

Ki Chul Yoon and Young Woo Sohn'
Department of Digestive Internal Medicine, Sanbon Hospital, School of Medicine, Wonkwang University

ABSTRACT

Objectives: This study was carried out to analyze the

cytotoxicity of cadmium sulfate (CdSO,) and the

antioxidative effect of Typha orientalis L. (TO) extract on the oxidative stress induced by cytotoxicity of CdSO,

in the cultured NIH3T3 fibroblasts.
Methods: For this study, the cell viability and the antioxi

dative effects such as the inhibitory activity of lipid

peroxidation (LP) and superoxide dismutase (SOD)-like activity and xanthine oxidase (XO)-inhibitory activity

were assessed.

Results: The cadmium sulfate significantly decreased cell

viability in dose-dependently, and XTTs, value was

measured at 47.4 uM of CdSO,. The cytotoxicity of CdSO, was determined as highly toxic by Borenfreund and
Puerner's toxic criteria. The butylated hydroxytoluene (BHT) as antioxidant significantly increased cell viability

injured by CdSO,-induced cytotoxicity in these cultures. In

the protective effect of TO extract on CdSO,-induced

cytotoxicity, TO extract remarkably increased the inhibitory ability of LP and XO as well as SOD-like ability.

Conclusions: From the above results, it is suggested that the oxidative stress is involved in the cytotoxicity of
CdSO,, and TO extract effectively protected CdSO,-induced cytotoxicity by antioxidative effects. The natural
component like TO extract may be a putative therapeutic agent for treatment of the toxicity induced by heavy

metallic compound like CdSO, correlated with the oxid

ative stress.

Keywords: Oxidative stress, heavy metallic compound, antioxidative effects
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AN} ST o= e FPe Frhu Feh)
W] 7, YA E S )% Bl
2 HEat] oluliibi, 9lo] AT AFF A
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2] WS Jog oA ojuoe]-olmo|(itai-itai)H O
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FhEES] SR ] tig A BV £,
S50 o3 ax452l AF A Wl oA

“(oxidative stress)z} o] JTIL AA|FHA o]
of gt X 5E kst SHANA HFLsleE = A=t
O] FAX| AL Ut} AbslE &4 A XU catalaset:
superoxide dismutase (SOD)9} 7+ Fikslg o]
A E v FEsle] 2@ 34aks}(lipid peroxidation,
LP) ¥F3-571, N-methyl-D-aspartate (NMDA) &
Ale] &2 9 peroxynitrite SAEH ] A 712
AxEYY Hels st g4 Uhd 7i=
EF433tE & $APM=% (cadmium sulfate, CdSO,)
Fspt=sEH o] AR-EETE Yol Tt=EHA
HASAZRE vES FAASHA, ks F3A,
AAjok Bl o]k EA R S T2 o] FAH AL
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I1. 947t HhH

1. MZEF

NIH3T3 Ad-5-2AIXSF= American Type Culture
Collection (ATCC, CRL 1658)°4] £ o} ARE-

Elsv =

2. 9N M=

B Ao AFE3E A|FOE= cadmium sulfate
(CdSO,)E H]E3t trypsin, butylated hydroxytoluene
(BHT), linoleic acid, pyrogallol, xanthine, linoleic
acid, xanthine, potassium phosphate buffer (pH 7.5),
ferrous chloride, isopropanol, hydrogen peroxide
(H,0,), phosphate buffered saline (PBS) % XTT+=
SigmaAKSt Luios. MO, USA)oA] ¢+ o).
CdS0,8] AZE XTTswS 371 $18ted fetal
bovine serum (FBS, Gibco, USA)®] $1:= minimum
essential medium (MEM, Gibco, USAYS A}R&-3}]
Z}z} 40~60 uMe] A7l mhso] ARg-EIITH

XTT  (2,3-bis-[2-methoxy-4-nitro-5-sulfophenyl]-
2H-tetrazolium-5-caboxanilide, disodium salt= PBS
Z 0]&3}] 50 ug/m]_;q ZFHL TtE S Yok
oﬂ B33 o8 2 Q3 kS z];g' HHokoHoﬂ 7}Vsf
o A&

3. B5(TO) 2 ¥ %'%
HE opalo A TOQ] AZRE A|Fsl] & N

S o] X ¢ %%01 Z e a5 T
Y T Yo BAste] ASE ARSI &
< YEle] BAZF A7 783 g FA I3 o
S A9} ol9] 38 Fx=e] =2 1,000 mLe| 3]
ZEho] A 9ol 3417 Bt 7Sk fl9
A& 43] RHE FZE3lo] of3gk v 3,000 rppm

oA 30 B 9 F AFEFIIE AUEFA
71 T 3.0 g0 AIEE den, o
A gk FEFEAETF 9

< 3.8%Z UET

4. M= digk

NIH3T3 A-FEA2] a2 Jung 5] *Hol
w2} v 8710 F2HE MEE trypsing 0183 &
szl olste] Zelsilrh. Mg 87125 H &
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ollof] W1 #2138} 3 v lxloscells/well
o] Fx= 96-Well Hjkg7]o] B3It 58
MEEL 36°C, 5% COZ ZHE F27|UlellA 72
A EAR TSI e =

5. MEzdES 53

AN ZAEE 242 Mosmann®2] Wl wz} 3
st &, oAU FEE] At 2w Al
Fo] Ad U AT XTT (50 ug/mL)yE welld
10 ulA €3 36°CE ZHE 279 4A7 5
oF njfsisict. v 5 5 isopropanolS o] 4
2ol|A] A AJ7F HX]gF T} ELISA (Spectra max
250, Molecular Devices, Sunnyvale, USA)E 450
el N FHEE 245 Ez v 2A

ok XTTs@te] &S AR st &3t
At
6. CdSO, 2|

wjeF=el NIH3T3 A-G2AMEo CdSO, F=Eo)
40~60 uM =2 ZHzb 23HE w ol NES
48A17F B HgS HIE@%%—% &3 vl

Fak
0]'0:] XTTso e

7. BHTY &Hisls =3
BHT®] 34tsts A 918t H,0, 25 uME Hij
& Alzzol] 22lshr] 2A1ZF Hell BHT, 40 uM} 55
uM F=E 77t HHC'E Aﬂ;oﬂ A28 g H,0,%
A st & NEAEES 2 vl AR

8. CdSO, SM0j C{St BHTS HE

XTTsy 522 CdSO,Z HiA|E A2lsl7] 24]
F Ao BHTZF 40 uM=} 55 uMZ ZH2; Z5He w
oo MEZS i TS CdSO,S A3 &
A EZAEE 9Jste] dlz2T3) Bl ZABIAITH

FE(T0) F&= X2
CdSO4°ﬂ st TO FEE] 932 Ak 9
3] ek M Eo] CdSO, XTTs, TE= A 2lsl7] 2
AlZE Aol 90 pg/mLet 120 pg/mLe]
Zb gk wkollA AEZE Wi T CdSO&
A2l - o]o] JES A EEZE olete] et

%o] 71—
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3 BlaL ALk

FE(T0) FE2| & &Y

ZEHEENE A0AC2Y W wel, &
AlE 0.2mLel phenol reagent 0.2 mME F7}5l
3% St BAEATh BA €8 F 0.4 mL sodium
carbonateE- 7}l 14]7F E‘?} HESA
2 725 nmollA S3EE 38}‘211:}. EZ& Jofo &
tannic acidE ©|-&3l] AHZLAES 25T =
ftH o= B8 Nieva Moreno 5222] Wl u}
2}, A58 0.1 mL°ﬂ 10% aluminum mtrate94- 1M
potassium acetate =32 0.2 mLol| &€& 4.7 mL
& 7kste] 25°COlM 40% E<F WhS- F- ELISAZ

415 nmolA] 4 =S %—O a1t EEAoro B
quercetine ©]-&3l 4 He 2 et

11. X[ & 2HMSh(1ipid peroxidation, LP) Xolls &
LP A35(LP inhibitory ability)2] Z74-2 Kikuzaki
9} Nakatani®2] ol w2}, AR 3.9mLE o8
&3 Zekal olghgol 191 2.52% linoleic acid}
0.05M PBS (pH 7.0)&<! 12.1 mLE #7}ste] 40°C
ol A 24x17F FRt vl Sttt v o] SR = o
€23} 30% ammonoum thiocyanateZ *]2] 8 T}
0.02M ferrous chloride 0.1 mLE 7}3le] A 204
T & GAs. A €% F ELISAZ 500
oA FFEE SF8AT FRTE HERFoE
ARG oH, BHTE FAAHELOR Slo] v %
Abel o, LP AsflEdS dizatel tig HEe=
YR B8 LP #3015 (%)=100-[(A 53 714
ﬁw:/‘j A7bze] FHE IK00)0.2 LiEon | A
E 39mLE ¥ & AEE A &2 S 7
7} A SEH7REE A BRSO R S, o] o of
ZTE 008 FAEAT

12. SOD-RA M5 &%

SOD-§- A8 4 5(SOD-like  ability)e] =
Marklund®} Marklund*Ve] ®¥Hel wsith, &, A
0.2 mLell AFspik-g-NQl Tris-HCI buffer?} 10 mM
pyrogallols 3L 25°CelA] 10 &< HHSAIATE
kS 98 & HCIE WHS-2 AXA1Z] T2 ELISA
2 420 nmollH F2EE A8t B3, BHTO
A FeS FINETLO R steo] ZALSISITE

g

tru flo

http://www.kseh.org/

e el ug UE-gE delith =3,
AR5 (%)=100x[(N E - 7S] FHE A BHA
i FREARTE RS SRR vehor,
dlgole)] 02 mL AlEE Yo 73 AEE 9x o
< 5 7 ARETREE A EFRTRES R SI3
3, o] W RS 022 HAISHA

13. X0 Asls &=

XO A3%5(XO inhibitory ability)2] Z%2 Stirpe
9} Corte®2] WPHol W} F2E AE 0.1 mLe}
0.1 M potassium phosphate buffer (pH 7.5)°l 2 mM
xanthine 712 0.2 mLE 718l &7]el] XO (0.2
U/mL) 0.1 mLE 7}3+ 5 25°CollA 158 &9t uks-
AlZth ¥ 98 ¥ IN HCl 1 mLE 7}8fe] wh
3% AN TS ELISAE 292 nmellA A€
uric acidE ZA3IATE X0 As| &AL djx=tol
g WEERE FASICH, BHTY Adllss 4
xwto® dto] Bl ARSI B3, XO A8
5 (%)=100-[(ANEH7RS] 87 58
E)x100]0-E el e, 0.1 mL A5 ¥ &3
AEE YA &2 S M NSRS AlERH
THEOR 9o, o] o] RS 022 FAISIITH

14. SAH X2|

A A= SPSS/WIN 18.02 ©]-831] mean+SD
2 B e 7k HlWE Student’s t-testel] &
stk AA 7] sl one way ANOVAE A3
3}93\2‘11 ARE 5492 Tukey’s post-hot testel] <3}
Ao, folEe p<.0500A AT

nm.a

1. CdSO2 MEZESN &3

CdS0,8] EAZALE Y3le] CdSO7F 40~60 uM
SERE 747 E3E wFAolx wij g AIEE 484
7+ Fet Agd A3, CdSoe Al Fieol vaEst
o] MEAEE] 2o st Feogt A4 B
oz B4 JeERthp<0.001). ©] o)A
XTTs B2 47.4 uMollA UERETH(Table 1).

2. BHTY &Hisks &3
BHTS| 3shs 24S $15ke] 25uM E]

J Environ Health Sci 2019; 45(1): 62-70



Table 1. The cytotoxicity of cadmium sulfate (CdSO,) on
cultured NIH3T3 fibroblasts

Incubation XTT assay (450 nm)

Concentrations of

CdSO, (M) Mean+SD (% of control)
Control 0.378+0.02 100
40 0.215+0.05 56.9%**
50 0.180+0.02 47.6%%*
60 0.150+0.04 39.7%**
CdSO, (XTTs) 0.189+0.02 50.0%%*
#xkp< 001

Table 2. The antioxidative ability of butylated hydroxy-
toluene (BHT) on the hydrogen peroxide
(H,0,) in cultured NIH3T3 fibroblasts

Incubation XTT assay (450 nm)

Concentrations of

BHT (uM) Mean+SD (% of control)
Control 0.535+0.04 100
25 H,0, 0.174+0.03 325
25 0.275+0.05 S1.4%%*
40 0.365+0.03 68.2%**
55 0.424+0.04 79.3%%*
#Ep< 001

H,0,E5 "<& MlEell H2lst7] el BHT7F 242} 25,
40, 55 uM= Z}7F E3HE wjglolx Al Z2E 2417
59 A AHEE e H,0,2 AHE F FAEh
2 A3}, 0,9+ A2 st A5 tizaol st Al
FAZEEO| 32.5% (0.174+0.03)= LFERS vk | 25,
40, 55uM FE2 BHT HzldMe= 22 51.4%
(0.2750.05), 68.2% (0.365£003), 79.3% (0.424+0.04)
B BT HORF] Aol Hlgte] o3 Al 2AYE
&9 F7F UERATHp<0.001) (Table 2).

3. CdSO,S40|| cist BHTS| P&k

CdSO,8] Mxz=/dol thet aFAikstAIl BHTS 4
S olrr] 25l CdSO, XTTy F=5 Ml
Az A2lel7] Aol BHTZF 2H2t 40 uM#} 55 uM
2 =g ujdelr 247k Bk A A ok
CdSO,= A3 & ZAFeIqith. 2 A3, XTTs, &
9] CdSO,He] A 2lelrf e Ml ZAEE] thxaol
HlEte] 42.7% (0.178+0.02)= JERd Aol B]ate]

J Environ Health Sci 2019; 45(1): 62-70

Table 3. The effect of butylated hydroxytoluene (BHT)
on the cytotoxicity induced by cadmium sulfate
(CdSO,) in cultured NIH3T3 fibroblasts

Incubation XTT assay (450 nm)

Concentrations of

BHT (UM) Mean=SD (% of control)
Control 0.417+0.05 100
CdSO, (XTTs) 0.178+0.02 427
40 0.304+0.06 72.9%**
55 0.349+0.07 83.7***

*xxp< 001

Table 4. The protective effect of Typha orientalis L. (TO)
extract on the oxidative stress induced by
cytoxicity of cadmium sulfate (CdSO,) in
cultured NIH3T3 fibroblaststs

Incubation XTT assay (450 nm)

Concentrations of

TO extract (ug/mL) MeantSD (% of control)
Control 0.562+0.03 100
CdSO, (XTTs) 0.215+0.05 383
90 0.268+0.02 47.7
120 0.385+0.04 68.5%**
wHEp< 001

40 uM3} 55 uMe] BHTe] AzZlolM= ZH 72.9%
(0.304+0.06)2F 83.7% (0.349+0.07)2 =5F CdSO,
Tre] xzlel Hlste] fofst A ZAEES] S U
EFATH(p<0.001) (Table 3).

4. CdSO 49| &5t =40l TO F£E22 I

TO FE=°] CdSO579] Aksha &2 mA|=
B A7) flete] v Aol XTTs, F&2
CdSO.,E A7 3l7] 2417k Aol 90 ug/mLe} 120 pg/
mLe] TO FZE< 77 wid Al=ol XE)gh vk
CdSO,2 A3F A3}, CdSO,2l AgolM = AlEA
E&o| tzl vlsked 38.3% (0.215+0.05)2 L1E}
W HlEle] 90 ug/mL FEE HzlAE 47.7%
(0.268+0.02)2 YERGTH 3 120 ug/mL 555 A
o)X= 68.5% (0.385+0.04)% ERY, o= CdSO,
Tre] xjglel] vste] fofsk A ZAEES] SIS B
ATHp<0.001) (Table 4).

http://www.kseh.org/
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Table 5. The total polyphenols and flavonoids contents

of Typha orientalis L. (TO) extract

Components of TO extract Total contents

(ug/mL) (mg/g)
Polyphenols 43.5
Flavonoids 23.8

Table 6. The inhibitory ability of lipid peroxidation (LP)
in Typha orientalis L. (TO) extract determined
at a wavelength of 500 nm

. LP inhibitory ability
Concentrations of TO extract

(ug/mL) (500 nm)
% of control
Control 0
55 BHT 81.6%**
90 22.9%**
120 357k
xxp< 001

5. TO &89 &g 24

TO FZE9] oA A3 F E2]91= (polyphnols)
< B5mygl® Uegon, FEEEolE
(flavonoids)i= 23.8 mg/gS-Z UE}STH Table 5).

6. LP Molls &HE
TO 2224 th3t LP Aals =8-S st 90

ug/mLe} 120 ug/mL =2 FE25 AEE 24
A7} 90 pg/mL FEA M= LP EAo] tizt
of Hlste] 77.1% A= LERE O™, 120 ug/mLe]

Ao M= 64.3% A= VERITH WA, LP A
%2 izl 00l HIsted 90 ug/mLe} 120 pg/mL
oA ZHzh 22.9%9} 35.7%= YER} tiztel st
of % Fogk Asfies WERITH(p<0.001). 531,
120 pg/mL F=oNME 184% As|E Hel FAdd)
Z+, BHTY Xﬂéﬁbol 81.6%(p<0.001)] 40% ©]
o] =2 AdlleS HAUTHTable 6).

7. SOD-7Al B8 &5
TO F%E9 3t SOD-FAF BA5 =4S 93]
-z Az
o|

—|—’

o] 90 ug/mLe} 120 ug/mLe] FE9| F=
Z}zy B8 A3, 90 pg/mL FEE2] 2204
115.7%, 120 ug/mLe] A 2]ollX= 121.3%9] A 2
3% Epit. gk, SOD-fAF B tze

=
=
R
L

http://www.kseh.org/

Table 7. The superoxide dismutase (SOD)-like ability of
Typha orientalis L. (TO) extract determined at a

wavelength of 420 nm

Concentrations of TO extract SOD-like ability (420 nm)

(Mg/mL) % of control
Control 0
55 BHT 36.8%**
90 15.7%**
120 2].3%**
o

Table 8. Xanthine oxidase (XO) inhibitory ability of
TBypha orientalis L. (TO) extract determined at a
wavelength of 292 nm

XO inhibitory ability

Concentration of TO extract (292 nm)

(ng/mL) % of control
Control 0
55 BHT 83.8*H*
90 17.5%**
120 25.3%%**
#xp< 001

¢l 0o ®&ke], 90 ug/mLet 120 pg/mLolA z+zt
15.7%%} 21.3%% BF 93 &45S YEli e
(p<0.001), 53] F&E 120 ug/mLe] FEolM= <&
Azl BHT fAF €45 36.8%4k2] 55% ©]
73Rl Ao =2 ERSITH(Table 7).

8. X0 Hdlls &%

TO FEE gk X0 Adllsol g IS =
AFsl7] f18ked 90 ug/mLe} 120 ug/mLe] FE2E Al

747+e B3 A3 90 ug/ml FEE ALLoﬂH

o] tiztol Hlste] 82.5% A= el
™, 120 uygmL FE 5 A 52 Aol E 74.7% Xi
3= VRt wEbA, X0 Adlse tizal ool
H)&lod, 90 ug/mLe}t 120 ug/mL F=9 242t 17.5%
9} 253%% UEh} ol BT tixsol vk &
oJatA STk AoE YEPATHp<0.001). 53], 120
ugmLe] F2% A8 HdMe ‘ﬂ 2} BHT?
24591 83.8% (p<.001)2] 30% ool S 1}
EFAtH(Table 8).

e
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7ol SOD &4k Gl fAke 715S A ek
Aotk '® d¥H X0 A& FAH EHe XOrt

hypoxanthine (HX)S xanthine®. 2, ©|& T}A] 4ks}
AlA uric acidE A =t o] A A
2} Z(free radical)= $7A| A ETH 2822, XO
A 2 AR AfEitZe] BAGAE

q

3 5L 24T 4+ dE AU Byl 2

At Rl g g Al

S} e 3
A Ao} EE HuA SEd 2L v

3 SRAylo] AR Ao} @) 15 )
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