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In order to examine the effect of Smilax china L. (SC) extract on the cytotoxicity of methymercuric

chloride (MMQ), allergic contact dermatitis, The cytotoxicity of MMC was assessed after cultured

NIH3T3 fibroblasts were treated with various concentrations of MMC for 72 hours. And also, the

following results were obtained by measuring the antioxidative effect of SC extract on the

cytotoxicity of MMC. In this study, MMC remarkably decreased the cell viability of NIH3T3

fibroblasts in a dose-dependent manner, and MMC was seen to be highly-toxic below 100 uM of

XTT50 value. In addition, the toxicity of MMC was involved in oxidative stress via a blockage of

MMC-induced cytotoxicity by vit. E as antioxidant. In the protective effect of SC extract on

MMC-induced cytotoxicity, SC extract defended the cytotoxicity of MMC by a significant increase of

cell viability which was decreased by MMC-induced cytotoxicity. It also showed antioxidative

effects such as electron donating ability (EDA), superoxide dismutase (SOD)-like activity (SLA) and

the lipid peroxidation activity (LPA). From these results, the natural component as SC extract may Corresponding author: Seung-Joo Jekal
be a putative resource as the antioxidative agent for the treatment of inflammatory skin disease Department of Clinical Laboratory Science,
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Aol bt gl AFA R LS AR FH AR ALGE  wlumhetgie] 4255 0lL 19724 olekale] g2 ok 0.
3 glom, nlMollt A BAHOR BAENRANE 55 of I3t FEO| AAL AYIR BHol B3 4255 o g
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=BT oFA 71 o]2] FE R vl A /11 BE,
a7l 2ol RebAPE oS R AgoleKim
520100 -200 S 7 9.8 E4KE Ao 7

of e g9 F 4T 0|50 B A| AR EiRS AT

ol A HA] -5/ o] AFSHA] &/4fat o] Qlrf=Zlo] K
g vk g E}(Gage 1975). AA| 2 202 /g el AlaEo]
GARHA S Foldt A} 4-2-0] Z4do] A= ckar Bargl v gl
CHPark 5 1996) A, 2=l et 71HE Ak &4
(oxidative stress) ZHol| A HL8l= L7} A= 1 gleh. A4

er|zo] O3t ARSHA] A2 Al Sake} Ao A=
S35 A2 253 A3 N-methyl-D-aspartate $~849] £
%—‘vﬂ—“ ohu| - AKexcitatory amino acids, BAAs)2] EH] e}

g5 ZEoto] Al EE E|ok WA= A Kapoptosis) A X1tk
EW AchPark 5, 1996).
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2002).

mEka] B o3 of Oﬂ(allergic contact
dermatitis) 7 == HEA 9] F-ASo] X84 A0S 7ML e
AaAe] g4 dekow, g ?%%% Az viF

NIH3T3 iAol djAld FE5u 5 Al viga2

=
(methymercuric chloride, MMC)& A 2|3t & &E2] g3
pRE S RES S
M Y
1. A=
NIH3T3 A4-5A3E= American Type Culture Collection

(ATCO)OlA] -0k who} ARg-5}odTt.

2. M| M=

B AYof ARE3E AJFoRE methymercuric chloride
(MMC)Z H]5:3t vitamin E (vit. E), 1,1-diphenyl-2-picryl-
hydrazyl (DPPH), ethanol, pyrogallol, ammonium thiocyanate,
phosphate buffered saline (PBS), fetal bovine serum (EBS),
51 XTT (2,3-bis-[2-me-
thoxy-4-nitro-5-sulfophenyl]-2H-tetrazolium-5-caboxan-

minimum essential medium (MEM),

ilide, disodium salt)= Sigma*KSigma Chemical Company, St.
Louis, MO, USA)oll A 22} -3ttt MMC2] Al %+ FBS7F ¢l
£ S ARgste] 2 5=k 2F2F 20 uM, 50 uM, 80 uM 3
100 UM«] ;{1 00_1'4% 1:111—501 3 n]'ﬁ\—oﬂ qu:cﬂ- kel M‘bﬂ Zl;q rﬂ_QLﬁ]—
&S ol 215 A7Fsto] ARS AU Eim B 85 = 3|45}
o] ARSSI9ITE XTTE A3 A'd PBSE ]8-51¢f 50 ug/mu ]
JHE A XY

oF & ARSI

3. MO|WH=Z(Smilax chinal., SC) ==&
Auleig a2 897 AeHEE QJARA] opikiLof| 4] A3 st
Aol QIXERAL Gl i eHEA A Al a st Aol A el 54
T ARSI A g AR TR A & E5o]
el ol A T Haksto] A
FE ARSI A 8328 A8 82.6 g& uAfet oS A
= SI80 AR 38l 0] S74et 3] 1,000 mLe| $HAlEekA
ELOﬂ S 241752t 7k sk SiTt 919] 7S 53] HHE &3t o
ey

[e]
rjr% %xé 71o]e XLE} ol 20 ]
>

%‘:1—7] of| A] lﬂu—,ﬂow o2 5.1 g2 AlRE
L 6.2%= e



4, MIEE HHQF

NIH3T3 A 2A 2] v 92 Han 5(2006)2] 1 ol k)
F8710f| 2 AIEE BAsf e oot Eefstyict. el E
HZEL U % 10% FBS7H -8 MEM #Falo] Yol 1x10°
cells/well9] =2 2 A3 % 96-well plateo] F-5-3}3ich B3
H A EEL 7247 52 36°C, 5% COZ 24H 3F27] Yol A
feyelsict.

1%

—_

5. MMC X{2|
XTTso%t2] MMCE i Al 2ol A2]817] 2413 7ol SAtsks

uM®| s =7t 2 vl A A2 wj gt o Al 2SS

S P MMCE] A&t} v] 3 ARSI

6. Vit. E X2]

Vit. E9] deks-& 4317 9lsto] d4tao] dg<l
mU/mL glucose oxidase (GO)E vi %Al ol H2[s}7] 2417F
of vit. E7F 242} 20 ~40 uM®| k=& 3 uljofaof A A i

A2t & Al EAEES TSt vl AR

I\

3]
(@]

e

7. MMCOf| TSt vit. E Hgk

XTTso%kS] MMCE vHiF Al £o]] A 2]sl7] 2417 Ao gAEsHs
o] &elH vit. O] 5% 5 A7 A Yol 2 A st 30 uM} 40
uM?| st E3HE wfjoFollof A A 25 ujoFst o2 A ZAEE

S P MMCO] A& t3) v] 3 ARSI

8.SCE=E Nz

MMCo| tet g S=5=9] JP= 2AKSH] lste] vl
oF NIH3T3 A-G-2 A 3ol MMC XTTs0%ke] MMCE A 2]8}17] 24]
ZF70] 70 ug/mLet 90 ug/mLe| F&=o] 27} E3HE o]
A AlEZE Aefeh ok A 2RSS 2] MMC A e
w3t B ARSI T

A A E-&-2] B4 Borenfreund®} Puerner (1984)2] 1
of wskth. &, ujF Al 2] oAU 55 F R ARt the
A9 FY A3 XTTso ug/mLE welld 100 uld] Y11 36°CE
AE G27100|A 4A7E SRF HiFerGit). wiek ¢hs % dime-
thylsulfoxide (DMSO)E ol AT A4 FAe ok
Variskan flash ELISA reader (Thermo Scientific Co., Vantaa,
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Finland)& 450 nmollAl 455 243k} XTTsodke] A2

3194 418je] oJsto] At

10. TXB0s £

HAg-of5(electron donating ability, EDA)2] =742 Blois
(1958)9] o] whef, mighe-Al g ol 0.3 mM DPPH Heh2-8-f
100 uLE 9oL Aol 4] 3021t A2l steict. X 2] ¢ & ELISA
reader® 517 nmof|A] S FEE Z43I¥ ). EDAE= Al 547t
T A ST 7RE 7] Kol & Al e 71te] o]t & = et
Wor vit. BO] &AL v W7 0 5 ARESHY] §Jote] vit, B aHAE
ok S4olA &d0] 50%E H T s AFSt] AP EE o
Aitvit. 35 uM 8701 50%% - s AEste] il w8

sct.

11. SOD-RAIEN &5

SOD-F-ARZHAI(SOD-like  activity)2] 23S Marklund®}
Marklund (1974)2] ¥ ol whstet. &, Al=ofl Tris-HCl bufferet
10 mM pyrogallol& H11 25°Coll A 108 52t H2|gt% et A
3 HCI2 9-g-A171 T8 BLISA reader® 420 nmol A 455 =
gotoict. T3, vit. B9 A& vl ut o B 3l on, S AR
7Rt AR5 71RES] Apolof] o]t SR YEi o, vit.
ES] AL B w0 & AREE17] §J8ke] vit, EQ] apAlols 249
FEE At AP RS S AT 20|

A=
50%% -2 S8 Aeplo] vl SR ek,

12, REs £

A A AFslipid peroxidation activity, LPA)= Kikuzaki®}
Nakatani (1993)2] ¥rgel whe}, offghge]l 3.9 mLo] A|&E ol
43t dllof] of kgl 591 2.52% linoleic acid2}0.05 M PBS (pH
7.08 12.1 mLE 713t 3 40°CoflA] 2417 <t X 23t
A 2ka 2 30% ammonium thyocyanate® 423kl 0.02 M
ferrous chloride 0.1 mLE 7}3F % Ao A ¥E-g-A| Zich, ¥F-3- <+
= % ELISA reader® 500 nmellA F3%=5 Z7451ch LPA=
tfztoll ot Al 2d7Hte] Aol & MRS R AT

13. 84 X=

A}EEA]2 SPSS 18.0 (SPSS Inc., Chicago. IL. USA)o]| €J3ke]
61990 mean+SDE FAISFF L T3 2k o] tigt 594
7L independent t-testo]] 23t o, SA X 2]of| tj$t -G-2]

o
T2 pgke] 0.05 Wkl 9= Akl

o

>
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Z

1. MMCel =4 &4
MMCO| A Z5A]E 24871 $fste] vioF NIH3T? A-4-2A1E
ol MMC7} 20 ~40 uM 55 & 7127} 3ESHE Hfjofallof| 4] 72417t &
kA efet A, tfgtol HIsh MMCO] 57t 57Fd5 Al A
£-0] §-2J8HA 74 H 2.0 1(p<0.001), ©] W XTTs03kS 33.7
uMe] A 2jol| A UebthTable 1).

2. Vit. EQ| giitsks &£H
AERZEL d272l 100% (0.226+0.05)00 8|3k} 20
mU/mL GORe: X g]et -9- 35.4% (0.080+0.0DE UERFL
L}, 20 uM 59 vit. E9] A 2ol A<= 52.2% (0.118 £0.03)& GO
gko] X 2]of Blslo] 893t 2712 K tH(p<0.05). F2H, vit.
S 25 uM}t 30 uME A3t A3t AlEgEgo] 42 61.5%
(0.139+40.02)2F 70.4% (0.159+0.06)= YR F O™, 35 uM
I 40 uM9] HzEloAE 242 81.9% (0.185+0.04)2F 89.4%
(0.202+0.07)& WFepstTh weba], GOYRe] A 2]of Hlsto] m&
Sojot M| EABEEC] 271 B ATHp<0.001) (Table 2).

3. MMCO| CHZtvit. E2| Fgk
MMC®] A5 Ao 41814 &4po] Thofsher| S eoty] ¢)
o] XTTsgk] MMC 3.7 uM: Bl AlZo] A21817] 24171 4

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

Incubation XTT assay (450 nm)

ofl FFARSHA 91 vit. ES 30 uMa}t 40 uM9] 3% &2 Al o] X g8k
o}, 71 A3 XTTsot 2] MMCRES: X 2] et 749 Al A Ego] ti=
91 100% (0.214 £0.04)°fl BIs}o] 46.3% (0.099+0.01)= HEt
W RHA, 30 uMet 40 uM =2 vit. E HelolA= ZHE 69.6%
(0.149+0.05) (p<0.01)2} 88.3% (0.189+0.02) (p<0.001)E
LR MMCRES] A 2fof] H]gte] i G-of8HA] Z7FsHie Table 3).

4. MMC2| =0 tiet SC &= J

MMC2] Al EE=A o] teh SC F252] JS ZAR}7| 9J8to]
XTTs0%kS] MMC 33.7 uME i QF NIH3T3 A5 22 of] 2] 2]t
71 2]l 70 ug/mLeF 90 ug/mL2] SC F2E-8 A X 2|et A,
Z:i“ﬂ 100% (0.238 £0.05)°]| H]SFo] MMCYEE] A 2jof| 4] Al 3248

£80]52.5%(0.125+0.03)= YEPF O 70 ug/mL SC =&
*1 2ol A= 62.2% (0.148+0.0DE e MMCRES] A 2]of| H]
Stol tha S7FF O A1 A Q] R0/ LehA] ekl Tle
W, 90 ug/mL SC F&& Ajolis AlEAYEE0] 71.8%
(0.171+0.04)% UFERL MMCHES] X2 Kt A2 0 g gofet
37Fe YEPATHp<0.01) (Table 4).

5.EDA&H
EDAE 273}7] $13to] 70 ug/mLe} 90 ug/mL5=2] SC 3
E AR E A3 A3} 70 ug/mL SC FE5 Al52] Ao 4] EDA

2440] 32.6%= Hl kol vlste] FA A 02 oI35t S7HE L}
p<0.01). E2F, 90 ug/mL SC 2% Heol| A% 53.6%5 Lt
Ef} o 25to] vlste] FAA 0 & 508t 57 HATHp<0.001).

Table 3. The effect of vit. E on the cytotoxicity induced by MMC

Concentrations of MMC (uM) Mean*SD (% of control) in cultured NIH3T3 fibroblasts

Control 0.243%0.08 100 Incubation XTT assay (450 nm)

20 0.195+0.06 80.2** . .

30 0.12210.05 58 4+ Concentrations of vit. E (uM) Mean+SD (% of control)

40 0.088+0.09 36.2%** Control 0.214+0.04 100

33.7 (XTTso) 0.122+0.03 50.2%** MMC (XTTso) 0.099%0.01 46.3
30 0.149+0.05 69.6**
40 0.189+0.02 88.3***

Table 2. The antioxidative effect of vit. E on glucose oxidase

Incubati XTT 450
neubation assay ( nm) Table 4. The protective effect of Smilax china L. (SC) extract on
Concentrations of vit. E (uM) Mean+SD (% of control) MMC-induced cytotoxicity in cultured NIH3T3 fibroblasts
Control 0.226+0.05 100 Incubation XTT assay (450 nm)
20 mU/ml GO 0.080+0.01 35.4
+ %

20 0.118+0.03 50 o Concent. of SC extr. (ug/mL)  Mean®*SD (% of control)
25 0.139+0.02 61.5%** Control 0.238+0.05 100
30 0.159+0.06 70.4%* MMC (XTTso) 0.125%+0.03 52.5
35 0.185+0.04 81.9%** 70 0.148%0.01 62.2
40 0.202+0.07 89.4*** 90 0.171+0.04 71.8**

www.kjcls.org



E3], 90 ug/mLe] SC &Z50] 2H=EDA 242 35 uM vit. E9]
EDA ZA(74.2%) Bt} 70% o141 A 2.2 LFERTHTable 5).

6. SOD-sAIZE &8

MMCe]l H3t SC Z2&5-2] SOD-FAFZA o] Tt ke =

817] 98to] 70 ug/mLeF 90 ug/mLe] SC &5 AR5 A%
A3k 70 ug/mL SC &5 Al=.2] SOD-FARHIS o =tof| H]
Sko] 21.4%= 25k S716FtH(p<0.01). T2t 90 ug/mL SC
52 A7) Ao A = 45.9%= e i 25t H]ste] -2
S S7HE BHtHp<0.01). 53], 90 ug/mLe] &2 Algs=
H] 1591 20 uM vit. E9] SOD-F-ARHI <1 53.5% (p<0.001)°f
HJ 5l 85% o]/o] E4d& et Table 6).

7.LPASH
MMCo] T3t SC 225-0] LPAC]| t3t AkS 2ALS}7] $J3}o]
70 ug/mL 290 ug/mLe| SC 33 A2 4%%%@ﬂﬁq7o

ug/mL SC &5 A|52] LPAL= ti 221 100%0] H]ste] 83.1%
Ueh} 698 42 B (p<0.01), 90 ug/mL SC &5 A8

Of He]of A= 76.8%5 VrEfLt th Zqtof] H]sto] o3 &g 4
£ BEYHp<0.01) (Table 6). T2tA LPA= 70 ug/mLe} 90
ug/mL E=oAA 242 16.9%2} 23.2%% LR t] ko] u]slo]
SoJsHA =713 A 0 2 YERGTH(p<0.01) (Table 7).

mak

i

A A HZu] 5 A9l MMCZ | e oF NIH3T3 Ad-5-5A]
Tof| X EAATE SC 50| ZH= BT AuE 2ol3l]

Qloto] HAIE ot
HjoF A 391 NIH3T3 A-5-RA ZE MMCE 3131 v okl of 4]
72X 7R Bl Rt Ak, MMCi= tiZ<to]] H]gto] e o4 0

B A ZPEEE GO TAAZ O (p<0.001), ©] W XTTso
22337 uMollA] YR MMC7} Bl NIH3T3 A-5-5A320f] Al

BA
SEEAE 71T QLS WA QITh. E3EXTTs0gko] 100 uM

mo= 2o T

o|8el 33.7 uMolA YERFC 24 Borenfreunde} Puerner

Table 5. Electron donating ability (EDA) of Smilax china L. (SO
extract determined at a wavelength of 517 nm
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(1984)°] ofet =4 7|zl ofste] al=4d(highly-toxic)?l 2
O 7 Uepyth o] SIS XTTsoako U MTTsogkel
100 uM ©]3}el A% =4 (highly-toxic) 2.2, 100~1,000
uMgl A5 S7H=Amid-toxic) 2.2, 1,000~2,000 uM?3! 74
L& AEA(lower-toxic) 2. &, 2,000 uM o149l 35 F=A4
(non-toxic) & Z¥7F WA sl o] 2 B AL A= Jung &
(2008)°1 2J3t MMC] Hlif A543 dieh =4 A,
Kim -5(2010)] 2%t MMC®] 8% QUAIAH-F-ELA| o et =7
Hebe XSGl 0|9} o] MMC7T ik NIH3T3 A-H-2A]
of =& K3l 2= MMCell oJet Al 32U} DNAS] &4ofu, of
A4k Bl AT A o 2 TR A miAIE = gAlRE
(Olson¥} Massaro, 1977), 7L Eth= MMC7} vl g ehd]Zda 22
At s AT B A ARSH o] ofste] AlaAYEEC]
HaE 23190E 770l 2 A o= Atk Park 5, 1996).
A 1 Aol A= MMCol| &fet /g o] AReha] &A1 S oF
Ql3t7| flote] Bratstel U2l vit. BEE 28519k 187] il
HA] ZgAEA ] U2l GOO thtvit. B9 aHAlehe-& w4319
th. Vit. E20~40 uM ] w58 A 213 23}, 20uM/mLe] GO
Helst AR T EA 0 2 GO A EAER] F71E Lt
o] vit. BQ] -2 3FAIS5-2 &1skSt}. Vit. E+=ascorbic acid
O} o] 7ot PADHA| A A5E0] F3ok A4, 1A, vit. A
O] ARhEA] 9l Al 235 wholErhal A Qlei(Yamamoto
5, 1983). whebA, MMCo| tet vit, Eo] FaFe AR ] $18to]
XTTs08% 2] MMCE il Al 22of| A 2] s}7] ﬂ GAFSHAIRL vit. S
Bl F Al zof el st A3 MMCREE: A 2]$t 7-9-of H]ste] 30 uM
(p<0.0D)T+40 uM (p<0.001)2] vit. E2] He]of A= 747t g0t

1-

5

=S
==

ox

Table 6. SOD-like activity of Smilax china L. (SC) extract
determined at a wavelength of 420 nm

Incubation SOD-like activity (420 nm)
Experimental group Mean+SD (% of control)
20 uM vit. E 0.244+0.04 53.5%**
70 ug/mL SC extract 0.193%0.05 21.4**
90 ug/mL SC extract 0.232+0.02 45.9**

Table 7. lipid peroxidation activity of Smilax china L. (SC) extract
determined at a wavelength of 500 nm

Incubation Electron donating ability (517 nm) Incubation Lipid peroxidation activity (500 nm)
Experimental group Mean+SD (% of control) Concent. of SC extr. (ug/mL) Mean+SD (% of control)
35 uM vit. E 0.581+0.03 74,27 Control 0.237+0.02 100
70 ug/mL SC extract 1.517+0.12 32.6** 70 0.197+0.07 83.1**

90 ug/mL SC extract 1.044+0.08 53.6*** 90 0.182+0.05 76.8**

www.kjcls.org



180 Sun-Hee Han and Seung-Joo Jekal. Effect of Smilax China L. Extract on Allergic Contact Dermatitis Inducer

o3t vit. 2] o] fio] ot 21 9‘@ 1*]*}@"%
MMC?] =4dell thet SC 529 ¥ AR flste
XTTs04t2] MMCE i A3l X 2fst7] el 70 ug/mLe} 90
ug/mLe] SC &2 7 Aelet A7}, 70 ug/mLe} 90 ug/mL SC
F=E AFolA AEAEEC] A7t 62.2% (0.148+0.0D)¢F
71.8% (0.171 £0.04)% e o™, 53] 90 ug/mLe] A2] o] A
= MMCREE] A 2]of] B|gto] F-ofet 7 Y HtH(p<0.01). &
AT A= SC FE=EC] MMCO| AlE5/44E Wofdt o5 A,
Oh (2011)7} Ha19k SC F:320] MMCS} 22 HZu 2] f
A1 A7 Al =S Boldtalthe A Axkote S-Sk
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