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The aim of this study was to evaluate the cytotoxicity of cadmium chloride (CdCl,), toxicant, and the
protective effect of Chelidonium majus (CM) extract on CdCl,—induced cytotoxicity in cultured
NIH3T3 fibroblasts. Cell viability, the effect of butylated hydroxytoluene (BHT) against CdCl, and
the antioxidative effects including DPPH-free radical scavenging activity, superoxide anion-radical
scavenging activity (SSA), and lactate dehydrogenase (LDH) activity were assessed. CdCl, caused a
significant dose—dependent decrease in cell viability, and XTTso value was determined at 38.7 uM
of CdCl,. It was determined as highly-toxic by Borenfreund and Puerner' toxic criteria. BHT of
antioxidant significantly increased cell viability severely damaged by CdCl,~induced cytotoxicity in
these cultures. In the protective effect of CM extract on CdClo-induced cytotoxicity, CM extract
significantly increased cell viability, DPPH-free radical scavenging activity, SSA and inhibitory

activity of LDH. From these results, it is suggested that oxidative stress is involved in the
cytotoxicity of CdCl,, and CM extract showed protective efficacy on CdClo-induced cytotoxicity via
antioxidative effects. Conclusively, natural resources like CM extract may be a putative
antioxidative agent for the detoxification or diminution of toxicity correlated with oxidative stress.
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' &= 443 ATt zA %‘{17& fofl 71o78aL IcHA4l 7H=

/ol et ek A

A S4kolA o] YE4] vitamin E7} 7}: 0] 5/ HolekAd
+ A At o] whet 7hE g0 ST ARehA] S4
o A= ATHT. whebA], 7HEw FAdo o3 54

o i
o or
>~ oX

Batst Zof A A3 = At7f o] ol x| 3L SleH1l.

o, M AEL] AR ol theh Aol Al gheFE I3 oF
SAEY] R Folle AR v Y, A B St 22
Aol gt e Ed o] thek Tl o] Qlrkar BarE A 9l
THS]. o5 AR Fof= flavonoid®} 2-8 #H&=3FetE(phenolic

g
compound)Z H]58}+0] anthocyanin®} -2 A& 22 ot
&t =4=0] dEA ATl
A& 2 oW EE(Chelidonium majus, CM)L 8|}
(Papaveraceae)®ll &oh= ZEAEE A S-2uet M= 242 2] 3
o] wARk FRIBRE Lol 4]0 U =1 53t ol ofE
AL 157 Sl Al ARAYsEAL ik, £8] CME Al efal e
de] deA glom ti7) o5 7kl 35 vl Ylolu &7
£ AQFIeke] ddle] AN SA4] o2 AEdt Lol T oS o]
O = ARERITE CME Qe E disolu)t ol =2 S
ojup At 2 Oﬂ%’\é I X 5ol A= ARG o] grow T H)
of| = ot Deh’]' TE A Fol= fFadt 250 A=
AoZ AdHA °1E} . CMoA= palmitic acidE W53t
st1gmasterol°]1%taraxerol JE-go] B A= glom, T Ete
s berbenmeolb} malic acid, polyphenol, flavonoid®} 22 4
H50] FhfrElo] Qlekar ¥ A gleH11l. £31, polyphenolo]
ﬂavonmdi} e H=4 OH BAEZO| T2 EE T
ZA3te o] 7§85} 22417 (-OH o 7HA| L glof Aokt o
= 5ol Hold 5ol 9l 24 SlcH12].
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NIH3T3 4d-4-5A2E+= American Type Culture Collection
(ATCO)OlIA] ok who} ARg-sHoTt.

2. M| ®I=

L AIof| A9 AoF0 2= cadmium chloride (CACL)YE v]5=et
butylayed hydroxytoluene (BHT), 1,1-diphenyl-2-picrylhydrazyl
(DPPH), ethanol, phosphate buffered saline (PBS), fetal
bovine serum (FBS), minimum essential medium (MEM),
xanthine, nitroblue tetrazolium (NBT), hydrogen peroxide
(H02) B XTT+ SigmaAHSigma Chemical Company, St. Louis,
MO, USA)ll A, LDH CytoTox detection kit+= TakaraAK Takara
Biochemical Company, Kangnam, Korea)oll 4] Z-zF 31413191
t}. CdCL O] Al Z+= FBS7} Gl v ARg-sto] 2% w7k 2t
ZF30uM, 50 uM, 100 uM 3! 150 uM2] AH-& HEo] YotAo

HH S AH A B adh oS ekl A5 7kste] AMgSHA
U = 2o FE R Aste] ARg-SlSITh

XTT (2,3-bis-[2-methoxy-4-nitro-5-sulfophenyl]-2H-
tetrazolium-5-caboxanilide, disodium salt)= A8 A4 PBSE
o]-g-5kof 50 ug/mLe| AN A &3t F AR5}t

3. Of7|%
CM2 797 ZdetEE QitA] ool A A skl Alof ¢
T3P LA of| A Tol EA T AR
S0l AHAL AST S T
o o S5 ARSI
A 23S 3 AR 73.8 g& wHlf3t ok Al 5.9] 3l o]

EZ(Chelidonium majus, CM) 3

7 1,000 mLE] THA|Ze} Aol W 24)7FE0f 7133}
AT 919 IS 53] WhEsto] 3223t S of 2 % 3,000 rpmo]]

A 302 St ARAZeH, 93 - AsS7100A S5 A



7 43 g) N RE A} o] ] 8L 5.8% Epde,

4, MIZE H{ S
A3 B2 Rim 58] 2] ®oll ofgto] v 87|25 e a4
7

BRI 945 o H2E 1"&:-’43}‘225} HeH Alzs2 4 A7t
Eot 94 % 10% FBS7} 3
cells/well®] Y& X4 96

H N ZEL36°C, 5% COE %

el
5. CdCl, M|

CdClL7} 25~45 uM7HA| 9] s =2 ZF7F 33 afjFeof A
NIH3T3 46 RAIEE 72407 5 9P et A EAE RS Tl

2}l AR,

6. BHTS| giteks &5H

AISHA 9] AF2] BHT O] 3H4sHs-2] ZAS $loto] &dita
O] L] IAKSA(H,0,) 20 uME: B FA| 2] A 2j38}7] 2417F
Aol BHTZ} 2F2F 20 ~50 uM 9] = & 23k sjofolof| A A| LS

AR 5 ATAESS HEZ0h 0] AR,

7. CdCL0ll it BHTS| &gk

XTTs0%k2] CACLE wieF A2 H2[sl7] 2417 Heofl BHTZF
Z¥zF 30 uMI}t 50 uM Q) -5 &2 8 ajokolof A Al ZE ufekst
T2 A FAZEES FA R T CdCL2 A ey} v AR}
et

8. 07 |SE(CM) F=E= N2

CdCLel thgt CM F==9 s A flote] i
NIH3T3 AJ-f-5A 3Eof] CACL XTTsok& K2l 6k7] 2417F 7ol 60
ug/mLet 80 ug/mLe| &= Lol AlZE Mot ths Al
AEES PR CdCLE] M efwta} vl a 2ARSHITE CM
FEE FA% 5 Jung S4100 93 CM F259] F4Bks
(DPPH-free radical A7), xanthine oxidse A3l%) 4 5%
210.05 mg/mL-2.0 mg/mLe] M5 AR st ofof 7Hg 4
3591 0.06 mg/mLe} 0.08 mg/mLE A4 dto] BB L)

A EE0] BAHLS Borenfreund@r Puerner [15]9] W]
SR AU 2EES U AITEAE

095 418 0 A 50 gL, XTTS wel 100 4
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36°CE 285 271004 4X7E et ugsklet. vk & &
DMSOE Y31 dAAIZF AX|3t th3- varioskan flash ELISA
reader (Thermofisher Scientific Company, Vantaa, Finland)=
450 nmoll A 585 SABISITE XTTsogk el A2 3171 2141 4]
of eJsto] AgskGirt.

10. DPPH-AIREIC|Z AHS &H

DPPH-A-2ted &7 5(DPPH-free radical scavenging
activity)2] 2742 Blois [16]2] Ho] 2J3te] mek&o] =91 A5
o] 0.3 mM DPPH #l§r-&-8-9 100 uLE ¥ 2t A2l 4] 3081+ 4]
2|}t A 2] &5 2 varioskan flash ELISA reader (Thermofisher
Scientific Company, Finland)= 517 nmellA S8 =E 353
o} AARE o 52 AR 7R} A R R 7R Ee] Aol Al 55
A7kl o MEER YepW o, BHTS E4& vludo=
sto] 24,

11. Superoxide anion-radical AHs &4

Superoxide anion-radical 47%¢] 24 nitroblue
tetrazolium (NBT)EH ¥l ol whe}, ZF Al 784 0.1 mL2t0.1 M
potassium phosphate buffer (pH 7.5) 0.4 mLe]l 0.4 mM
xanthine?t0.24 mM NBTE 7Fste] 37°CelA] 204 <t RH&-A]
Zitt. ¥hgo] @bl £ 1 N HCI 1 mLE 7Fshe] §H-& XA A

HRS-oiZof] AAH superoxide anion radical %

F& varioskan
flash ELISA reader (Thermofisher Scientific Company, Finland)
& 560 nmel A FHEES ZHBAT 274% e AR

7} A7HE0] FHE A4S MES T Lrehyrt,

12. LDH (lactate dehydrogenase) & £H

LDH &/ ZAFE flste] vl Al azo] oAl 33
E APtk 250 x goll Al 15 st AXAIZ T
50 uL2] A58 3t ok LDH CyTox detection kit2]
H(0.05 U/mL) 50 uME -2 th5 A2l A 304 F2t HH-A1%
t}, ¥k ¢kE 9 490 nmollA] varioskan flash ELISA reader
(Thermofisher Scientific Company, Finland) 2 $35=5 £4

8.0 LDH EH42 elzestol that ¥ 2 Alslsic,
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13. 84 X2

A5EA2 Windows SPSS Z=2 13 HZ 18.0 (SPSS Inc.,
Chicago, USA)el| o]sto] 3stel o 7t Xfolgre] vl 913}
o] ANOVAE AAISF AL AR 782 Scheffe testol 2JsFSiTt.
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1. CdCLe =d =1t

CACL2] =4 A $Jsto] B oF NIH3T3 Ad-f-2Al Eof] 25 ~
45 uM 5 5=2] CAClL, ZHZhE vljoF A|3Eof| 72417t B9 Heet 4
3}, CdCl= w4 gl of) wheh A Y282 F-20H Al H L.
H(p<0.001), ©] W XTTsZkS 38.7 uMe| Ex o4 Lrefsitt
(Table 1).

2. BHTO| siiltsls &5
20 uM2] H,O:RHS A 2]of A= Al EEAYE&o] tf 22 100%

(0.163£0.02)°l] 18} 39.9% (0.065+0.01)E WERS §HH, 20

112 O] BHT 9] A 2ol A= 46.0% (0.075+0.01)E H,0,4H)
A e]e] ujsto] oFzke] S7HE K glek. T3, 30 uMI} 50 uMe] 4]
Zlo e AlEAEEO] 27 61.3% (0.100+0.0D2} 74.8%
(0.122+0.02)% YRt HyOuFe] A 2]of] Blste] B 50031 A]
FPEEO 7 B tH(p<0.001) (Table 2).

3. CdCL0fl CHEt BHTS] HE

CACLY] ME=A T} ARSI £AF7E0] AT A S Polk 7] 9
Sto] XTTsoake] CACLE Hi S Al2zof A 2st7] el eHAkstA 2l
BHT 30 uM} 50 uM®| s =5 Mo 22t X ejstoict. 1 Azt
CdCLYHE Hejet 749 AlEABEE2 t2tel 100% (0.175+

Table 1. The cytotoxicity of CdCl, on cultured NIH3T3 fibroblasts
by XTT assay

Incubation XTT assay (450 nm)

Concentrations of

CdCl (uM) Mean=SD (% of control)
Control* 0.196+0.05 100
t +
25T 0.128%0.01 65.3 0.001
35 0.113+0.05 57.7 ws TS T8
§
45° 0.072+0.02 36.7
38.7 (XTTso) 0.098+0.04 50.0

Table 2. The antioxidative effect of BHT on hydrogen peroxide
(H202)

Incubation XTT assay (450 nm)

Concentrations of

BHT (uM) Mean+SD (% of control)
Control* 0.163+0.02 100
20 uM H,0," 0.065+0.01 39.9
207 0.075+0.01 460 L 090
30° 0.100+0.01 61.3
50" 0.122+0.02 74.8

0.02)°fl HI3}e] 37.1% (0.065 +0.01) % UreRd ¥k | 30 uMt 50

UM 58] BHT®| Xl A= 27} 59.4% (0.104 £0.02)2F 64.0%
(0.11240.02)% YEhY o]i= CdCLTHe] X o v]sfo] 5 G-0]
SHA S5 7FsHITHp<0.001) (Table 3).

M) FEEC| T

4. CdCLL2| S0 chst 07 1S 2(C

CACL2 AlEE=Aol et CM F+29] Y-S 2P $1t
o] XTTsoat2] CACLE ¥ QF NIHAT3 A EA 2ol A 2s}7] A
60 ug/mL2} 80 ug/mLe] CM Z25-& AX|2jat Aa}t, CdCLyHe]
Aol A= Al ZAEEC] TRl 100% (0.187£0.01)°l] H|st
o] 41.2%(0.077+0.01)2 LFER] H]81o] 60 ug/mL CM &%
A2l A= 56.1% (0.105+0.01)= WELF CACLRER] A 2o H]
Sho] ot S7HE YeRITH(p<0.001). $HH, 80 ug/mL &=
Ao A= Al EAYEE0] 84.5% (0.158+0.02)F YERF O 2 A
CdCLyFe] Aelof Hlgte] {oJ3t F7Hs UERtH(p<0.001)
(Table 4).

5. DPPH-XIR2tC|Z
DPPH-A&ted A 7%5(DPPH-free radical scavenging
activity) & 243171 Yote] 60 ug/mLet 80 ug/mL =2 CM —’“F
S8 AIRE 24 4160 ug/mL 55 A58 A olA=
Ae0] 28.5%= o= thRwtol Hste] {oJvt TV UrEW*E‘r
(p<0.001). =, 80 ug/mL F+Z= A2l A+= 50%= LERLE o]
A Hizto] vigte] foek S71E EAtH(p<0.001). 531, 80

ATt £

Table 3. The effect of BHT on the cytotoxicity induced by CdCl,
in cultured NIH3T3 fibroblasts

XTT assay (450 nm)

Incubation

Concentrations of

BHT (uM) Mean+SD (% of control)
Control* 0.175%x0.02 100
CdCly (XTTs0) " 0.065+0.01 37.1 0.001
30 0.104+0.02 59.4  *>T>T
50° 0.112+0.02 64.0

Table 4. The protective effect of Chelidonium majus (CM) extract
on CdCly-induced cytotoxicity in cultured NIH3T3 fibroblasts

XTT assay (450 nm)

Incubation

Concent. of CM

extr. (ug/mL) Mean+SD (% of control)

Control* 0.187+0.01 100
CdCly (XTTso)" 0.077+0.01 412 0.001
60" 0.105+0.01 56.1  *>'>T>T
80° 0.158+0.02 84.5

www.kjcls.org



2 02 ARESE 50 uM
UrE}‘;b’%(Table 5).

ug/mLe| 2% AlRIA 4
BHT Al 68.7%2] 50% ©]4 ‘ﬂ

6. Superoxide anion-radical 271s &3

CM &5 A= 60 ug/mLe} 80 ug/mLel tiet superoxide
anion-radical £&7%°] le]Al 60 ug/rnL A of| A= df Zto]
118k} 30.9% (p<0.001)9] £7%5-5& LERH 21, 80 ug/mLef A
L 48.0% (p<0.001)2] 2A5S UrE}L"E} E£3], 80 ug/mLe| 3

B A& HE]ollAl= vlatel 50 uM BHT &7%5-4421 70.4%
(p<o.001>4 65% ©1/4¢] =& g& eI THTable 6).

7.LDH &4 &5

CdCLell gt CM 22%-2] LDH (lactate dehydrogenase) 2
Aol 3t J kS A1 $181e] 60 ug/mLet 80 ug/mL 5 =2]
2255 BASH AT XTTs0gke] CdCLS] LDH B4 7ol
H]5to] 136.2%= A UreRTt. o]ofl v]sto] 60 ug/mL 35+ A
2ol A= 113.8%= LERE CACLYE] ] u]sto] 2|8t 24
A4S BHHp<0.001). T3 80 ug/mL &5 HoflA:
105.7%2 YERY o] HA] CACLEEe] A 2]o] ulsto] f-o]3t 24
A2 BH(p<0.001) (Table 7).

Table 5. DPPH-free radical scavenging activity of Chelidonium
majus (CM) extract determined at a wavelength of 517 nm

DPPH-free radical

Incubation scavenging activity (517 nm)
D

Concent. of CM o

extr. (Ug/mL) Mean+SD (% of control)
Control* 0.214+0.02 0
50 uM BHT' 0.067+0.01 68.7 0.001
60" 0.153+0.01 28.5 T>Tiss
80° 0.138+0.01 35.5

Table 6. Superoxide anion-radical scavenging activity of
Chelidonium majus (CM) extract determined at a wavelength of
560 nm

Superoxide anion-radical

Korean ] Clin Lab Sci. Vol. 48, No. 1, Mar. 2016 5

o E

HIFEF(CACL) 2] A=A ol Qlof AT vl NIH3 TS A+
AlaEof| 25 ~45 uM 59| CdCLE 72t 7241759t A el et A,
tjzstof] vfdte] Al a2 oA HHAAI 2 24 (p<0.001),
A543 HERTh 2 Aol A A7 CdCLell o3t Al 28 EE
O] ZHaxe CACL7H i NIHAT3 A iAol Al 25/ 0] A=
5L gl o, o)1k A8 CACL2] XTTsegko] 100 uM o] st
©138.7 uM& YER© & A Borenfreund®} Puerner [15]¢] 2J¢t
=B 71zl oJsto] a15d(highly-toxic)Ql 2 S5 LERgdT.
oo oot S 7|ES B XTTsoakelH MTTsogtol 100
uM ©[81e1 A5 T =A(highly-toxic) 0. & T8I L, 100~
1,000 uMQ! 9= 5754 (mid-toxic) ©.&, 1,000~2,000 uM
o] A= A=A (low-toxic) O, T3 2,000 uM oAl A&
=X(non-toxic)Ql Ao2 Z+zF TAsgith B A A=
Jung “&{71°fl 212t i &F NIH3T3 A=Al 2ol thet 7H= & =gl
ot X1, Son {5101 of et vl o Al aEo] gt 7H=5 2
d HILobe AABISIT). 2 - Aol A e} o] uljef NIH3T3
Fri Al 2ol et CdCLe] =/ sate]] efst &= CdClell ofet
Al DNAS] 71 A gto L RNASH 2-2 SiAHE- 2] o] 914 sl e}
Fe- 7he/d T WA = fIAAIRH LT, 7L Hoh= CdCL2] =4

]

0

L”

d

ﬁnzz

ﬂ'N

o] Apfrete] At o] glo] 71 At o] 9] ARohA] &Aoo s Qld
AEAZL0] A2 2d3l9S 7140 2 A o 7 AzkETH5].

whebA], B Ao A= CACL e AFHA Akt tistol Z2AT8HA

QHH, 2 Aol A /g AkA 0] UFR1 HaOo0f et BHTS] a4t
ORs-& E43H A3} 30 uMt 50 uM F=.2] BHTC] 2= 20 uM
H,O,7k] A ejo] v|gto] R {013 A 2AEE0] S715 Ko
2 FARS UERITHp<0.001). BHT+= tocopherolo|t
ascorbic acide} o] 73l st gARSHA| o] U0 2 A] ARShA| ok
M| Z 1315 vtolErhal G A QleH18].

QoA &t ve} 2ol & A-tof A= CdCLe] =¥} 4toh4]
&7 T 2ARE flste] CdCLell ek g4k o] U2l

Table 7. LDH activity of Chelidonium majus (CM) extract on
CdCly-induced cytotoxicity determined at a wavelength of 490 nm

Incubation scavenging activity (560 nm) Incubation LDH activity (490 nm)
p

Concent. of CM o Concent. of CM o

extr. (Ug/mL) Mean+SD (% of control) extr. (Ug/mL) Mean+SD (% of control)
Control* 0.152+0.02 0 Control* 0.174+0.04 100
50 uM BHT' 0.045+0.01 70.4 0.001 CdClz (XTTso)Jr 0.237+0.06 136.2 0.001
60" 0.105+0.02 309  '>Ti>* 60" 0.198+0.03 1138  '>*"
80° 0.079+0.01 48.0 80° 0.184+0.01 105.7
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A 2]t A3 CACLRe] A 2o widte] A2 te Kol A <]

A EAY 8] T7HE B ATHp<0.001). Y2 Aol A &

AFS}A Q1 BHTO| 213t CACL2] F/dHol= CdCLe] FAdo] Akst
A & w e o] QIS Skl 9lom, o= Son F(519] ¢
Foll A ARsIA| 2l vitamin B7FCACL 54 fAdtAnks 2
oFe YA

ShH, CdCL2] FAdell thet CM =259 3 412 915! 60
ug/mLe} 80 ug/mLe] CM F+35 555 v Al ol A 2f5kad
th. 71 A, CACLEF] A o] Hlsto] &2 A efsk FolA
O3 Al EAEE2] 7S UERITH(p<0.001). o] 2=
CM Z=0] CdCLY| A5/ Holdle= 'ellsal glom,
oli= &2t Son F(10]°0 93t CM F&&0] =449 7422
A 540 & Wof ol itk A ATt A E ok Slrt. 2 Aol A
oF ZFo] CdCLell ek CM F+%29] Wolad= Koizumi®t
Waalkes [17]9] Ea1o]| A9} Zro] 7F=Sgof thet CM #559] &
HAGolL B AU DNAY RNA9F 22 ka2 o] T/ A
ol it who kel -2 B Rl QIAIA|YE, L k= CM
FE=9| ket 2Rg-o] CACLE] AR &4 Wl st Aut= A
7+t

weha] 2 Aofidi= CM 2=l tieh Akl s-& RARH 9]
Slo] DPPH-AFEFC)Z A7 5-& HI5:3E superoxide anion-radical
scavenging activity (SSA) 9! lactate dehydrogenase (LDH) 23
& 2ARSIITE 11 AT CM 3552 A4 B0l A fast
A} = Ao et o, £3] 80 ug/mL CM & A=A
gjollAl= DPPH-AHrett 2 4753 SSA] QlofA Hlww-<l
BHT 242 50~65% o1/ 282 ko] BHTSF 22 Mboke=
UrERTE, E3h 2 AEo) B4 A 5 CM 552 199 LDH

R

b

N

2 Al oz Aqetride] S ab4gto] gt
o= o0 o

P mhehA, & Aol A et GAtelsof it &
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