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ABSTRACT

Background: This study was performed to evaluate the protective effect of Saururus chinensis ethanol extract (SCE) against sty-
rene toxicity in mouse spermatocyte cells [GC-2spd (ts) cell line].

Methods and Results: Cytotoxicity in mouse spermatocyte cells was measured using 3-(4,5-dimethylthiazol-2-yl)-2,5-diphen-
yltetrazolium bromide (MTT) assay. Generation of reactive oxygen species (ROS) was determined using 2°,7’-dichlorodihydrofluo-
rescein diacetate (DCF-DA) assay. Semi-quantitative reverse transcription polymerase chain reaction (RT-PCR) and western
blotting were performed to quantify the mRNA and protein expression levels, resepectiviely, of stress or apoptosis-related genes
including p21, p53, heat shock protein 70 (Hsp70), heat shock protein 90 (Hsp90), Bax, Bcl-2, and caspase-3. The results of the
MTT assay showed that 50 xg/mé SCE did not affect cell viability. ROS generation in mouse spermatocyte cells increased by treat-
ment with 100 uM styrene, and decreased by co-treatment with SCE. SCE repressed the mRNA expression of stress-related genes,
which increased by styrene treatment. In addition, SCE inhibited the apoptosis of mouse spermatocyte cells by ameliorating mRNA
and protein levels of apoptotic genes that were altered by styrene treatment.

Conclusions: These results suggest that SCE may alleviate styrene toxicity in mouse spermatocyte cells by reducing ROS stress and
regulating genes related to styrene toxicity.
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(Lee et al., 2001; Park et al, 2004), F23 TR EZHo|g}
g & Stk

A=7HA ZEjdlo] Atg 9 AP FE vX= Fdol st
of A7E] §har, 53] A7) 500 g AFELS Bol
AUA T (Han et al, 2007; Lindbohm, 1993; Teramoto
and Horiguchi, 1981), ©|¥1 54L& /AsE 4 A= B2
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1. MIZZ B

B oo AREE vl HRAMEF (spermatocyte cell
line) GC-2spd (ts)*= American Type Culture Collection
(ATCC, Rockvile, MD, USA)ellA F3tATh.
10% fetal bovine serum (FBS, HyClone Laboratories Inc.,
UT, USA)Z 100 units/m¢ penicillin=} 100 g/mé
streptomycin®] X$HEl Dulbecco’s modified Eagle’s medium
(DMEM, high glucose, HyClone Laboratories Inc.,

UT, USA) Higdo g wjekstien, 37C, 5% CO, &7
(MCO-20AIC, Sanyo Electric Co., Ltd., Osaka, Japan)<
A5,

HNEFE=

Logan,

Logan,

2. F&E= M=
Aol AMgE AW [Saururus chinensis (Lour.) Baill]
= g

AEE =g slolA eItk FUF AlEE Tl 2

Table 1. Primer sequences for PCR amplification.

Az%-okse

[e=ym—

o

- O|CHSS - M5 - OJALR - 2I54=

(=R}

712 A3}l 70% ethanolo] ©7} 80C ZAdA 3WH 7
FE T T FAAXS] E23lstal, DMSO/PBSE
50/502 &3hsk gollol] 100 mymd =2 23)5k] A A}

g3k,

3 k“" A||7<o %

-2 ARAEFE GC-2spd (ts)ellA] Ao &3 A EAE
& W8l =487 98kl 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) #41H2 o|-&351%93L, A

FUPHS Mosmann (1983)3 Han & (2016)2] WP g

slod ARE-EATE 96-well platecll 37C, 5% CO, Z7olA
W] 3 A EE 5 x 10° cells/well<] ii BEslonh AE=

w710l 24417 Fot oEsIARl B 2~E]dl (100 pM)
Az oeke FZEE (10, 25, 50, 100 £g/ml)S 22]EH% L,
F=E g9 AT (vehicle)l= DMSOZ 0.05%= #2)&}
Atk 24217 37C, 5% CO, Z7A 1§ w8l MTT A
oFS 0.5mgml & 3A7F Asisit. wiAE wWelal, A4
formazane DMSOZ 9] microplate reader (BIO-TEK,
Winooski, VT, USAYS ©]&3lo] 540 nm oA S3=8 =4

o1-=
Skt

4. ML (reactive oxygen species, ROS) Mgt =X
nRe-2 ARAESF GC-2spd (ts)2] AZW AkeH &4 W
s a3dE =As37] 938t 2°,7’-dichlorohydrofluorescein
diacetate (DCF-DA, Sigma-Aldrich Co., St. Louis, MO,
USA) assay= 33T GC-2spd (ts) MEES 96-well plateol]
5 x 103 cells/well2] T2 5310 2447k 5ok A LS oFY
AT 2EE (100 pM), APZ2 oeke
50 pg/ml), vitamin C (100 uM) 2 F=&
DMSO 0.025%)8 ZHzt AAZstal 24717k vl %k
free media®] 20 uM DCF-DAS} 0.25mM probenecidS &3+
dte] 5% CO,, 37C incubatorollX] 4087 x2)&}, Krebs-
Henseleit buffer (KHB)Z A3} incubatorol|A] 147+ 59t
WE2-A1Zl H microplate reader (BIO-TEK, Winooski, VT,

ZZE (10, 25,
&l (vehicle,

—r serum-

Forward primer sequence
Gene P q

Reverse primer sequence

(5= 3" 5= 3)
Hsp70 ATCGACTTCTACACATCAC CCGTTGATGCTCTTGTTCAGGT
Hsp90 CTGGTGCAGATATCTCTATGATTG ATCACTCGACTTCCTTATCTCGTTC
p21 AGAACGGTGGAACTTTGACTT ATAGAAATCTGTCAGGCTGGTCT
p53 ACCTATCCTTACCATCATCACACT ATCCTTTAACTCTAAGGCCTCATT
Bax AGCTCTGAACAGATCATGAAGAC CTAGCAAAGTAGAAGAGCGCAAC
Bcl-2 CGGAGATCGTGATCAAGTACATA CCTAGCGACGAGAGAAGTCAT
GAPDH TCAACTACATGGTCTACATGTTCC GAGTGAGTTGTCATATTTCTCGT
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USA)S o]83l] 33= (exitation 485 nm / emission 535 nm)
£ AUt

5. Semi-quantitative reverse transcription polymerase
chain reaction (RT-PCR)

R ARAE ] Bl A=E AR 98] &
Eld (100 uM), A% oeke (10, 25, 50 pg/mlyS
308 &<t AEske] wikst A2 RE Trizol reagents #2]
3lo] total RNAES F&3F2 G AA} kit (Mbi Fermentas,
Hanover, MD, USA)E ©]83le] cDNAE A|x3 o}, 5%
°] ¢DNAE PCRE FIZFAIZTh 42 555 918 primer
sequencesE Table 19 YERNATE 1% agarose gelollAl #7]
9G53, ethidium bromide (Et-Br) & FAsH H UV Aol
Al dEsie] BT

¢

6. CHIERL Yi5] M

Western blottings: ©]-8-5to] mho-2 HRA L] A ZAPE &
H o (Bax, Bel-2, caspase-3)] @d HwZ el
ZE[= (100 pM), 2% oEke FE2E (10, 25, 50 pg/ml)
< 2477F F3F AElste] widgk AlEE RIPA cell lysis
bufferg ©]-&3te] 8alA17]2Z, 13,000 ppmo 2 4CollA 208
7+ AEEske] TR gteiar FAE A A4
ek olE 2022 10% SDS-PAGEC #7] &A1 &
polyvinylidene difluoride (PVDF) membrane®. 2 &7 Bax,
Bcl-2, caspase-3, B-actin®l] tht 12} &2} HE-SAIZ] & 23}
A Q1 horseradish peroxidase-conjugated anti-rabbit 5=

o]
AR

anti-mouse 1gGE WH3-A|7]2L enhanced chemiluminescence
(ECL) detection reagents (West-Zol Plus, iNtRON, Seoul,

Korea)& AHgsle] Gje] wAES Helskin.

7. SA 2|

BE AL 3W ol WHE A5t B + FFUA
(means + SDYZ 7]l o™, A7t F24-2 Statistical
Package for Social Science T A =N7|A] Z=Z 2 (18,0,

SPSS Inc., Chicago, IL, USA)S-Z Student’s r-testZ 7373}
o p-value %ol 0.05 P]vHd wf SAH SR Feojsiriar Y
3SF T

Ak

K

2z

¥

1. OIR2 HPMIEZFO0IM AE[ID} s
T &3

GC-2spd (ts) AENA 2EdT 2z oghe FZE9)
el v=gs 243 f18 MTT assaye T333I39tk. MTT
assay= MTT EZo] Aolols Ao nEZsglole)] &3}

F520| Aeks

Apfzo| HoNE =S
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Fig. 1. Effect of styrene and Saururus chinensis ethanol
extract (SCE) on cell viability in GC-2spd (ts)
cells. GC-2spd (ts) spermatocytes viability was
measured by MTT assay. Data are representative of
three independent experiments as means + SD.
Statistical differences (**p < 0.01) compared to
cell cultures stimulated with styrene in the
absence of Saururus chinensis ethanol extract are
indicated.

+ succinate dehydrogenase®} W33t Ul Ale] Wisl2
Al HEZEZOlY] S B3l AlE AEES ST F e
HHolt} (Elingold ef al, 2008; Lee et al., 2009; Mosmann,
1983). ZE|@llz} 2% oflehg F5E2] GC-2spd (ts) A EAY
8% =243 A3 Fig 13 2t dudds S8 Ge-
2spd (ts) AlENA ZE]&AS 100 pM7FA] A EAZEEO] Gk
S HXA 2SS FIEITE GC-2spd (ts) AlEol] E]H
100 uM}F 3| Ahill % oeks FEES FEEE A 4
2}, 10, 25, 50 pg/mi7IA= ZERITRS A2 sh it A
AEg 2 Aol HolA ATt SAITE 100 pg/mlbe] 4
Z fEE FEES AYIS o diz=wel vl oF 30%2] Al
APEES UERo] 50 gl & AP CehE FEEC] FH
A FEz AAsIeit

20 O

v
.

oI5t SiMAE Mdoll ilx FEZ20| 0F
4~% (reactive oxygen species, ROS)E-2
nom Mo S MSAA A
A= Aoz deA Utk (Abdollahi er
al., 2014; Song and Lee, 2015). X3k, Alau] AAE ROS
£ 99%S UYehll= DCF-DAE 213A A ¥3E522 DCF
2 A 7= olFA HekE FFEZe 2 Azl I
H ROSY| go= 7FFEIAL 9t} (Wang and Joseph, 1999).
B A= GC-2spd (ts) AlZAIA 2<Ej=llo] o]dt 4]
A2 (ROS) 7100 4% oghe F380] vAe 99
gR1%17] 18]l DCF-DA assays HAISIATE L A3, 2~F
100 uME 2] 3 Aol A= iz the] oF 20f o]%
7Fet DCF formation2 RSX|TE, 2EJ= 100 pMe} 4

A= |

) ruTS

b ol
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Fig. 2. Effects of SCE on reactive oxy: ﬁ;en species (ROS)
generation in GC-2spd (ts) cells. ROS generation
was monitored by measuring DCF fluorescence.
The Data are representative of three independent
experiments as means + SD. Statistical differences
(**p < 0.01) compared to cell cultures stimulated
with styrene in the absence of Saururus chinensis
ethanol extract are indicated.

Vit.C  vehicle

aiks) %ZE‘OJ vitamin C& FA|°ll ﬂaﬂ ;ﬂ 2] Lol &
30% =2 ROS 74 §35 H=d, 4z ogt

£ 50 gml AgFellA= vitamin C AFET 2
e AIE YR olo] we} A% oekE FEES ¢
3k ROS A4 A4 @32 7K e 202 HojXt} (Fig. 2)
olggl Az dekE FEES AXY ROS A AAlF
ZEjEle] of8f fEE FoR didEe AE W 242 o ﬂ
o]———‘G]— oo]_&/\g ?:5___]—/\01

ROS

R ES

3. 2E[H0) oJ5 SEIK wslol
oI5t sfol

FE20| 0xl=

2Rl o5l FEEHE AE 540 thllx dEE FE=
o] mAe &S 39,]"_]3} | f18l, Z2E# 2 EBe AlxZApd &
d FAAES FdES semi-quantitative RT-PCR (reverse

transcription polymerase chain reaction)® #1519t} Semi-
quantitative RT-PCR2 RNAZ YA @45 o83}

£

cDNAZS P51, vF50]z] cDNAZS F3aihdyurgos =
F3}o] v%ix} dS SIS 4 Q= WhHolth S Ado

A 2Eldle GC-2spd (ts) AIE W ROSE Z7MA1712, =
F7REES AR g FEE0] TR TR AT
the 21 gRlskith

ROS ZSEHIA7F FARIARL ps3e &3l p21 frdzke] o

S TN, Bold p21 ©ELe AERIS oAl
AZw3lE ks 3oz 4EA Ut (Pant ef al, 2012).
TS FE2 p2l FAAkE ps3el ofsiA wile] fEEANE,
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== 0|52 - Ol - M&S| - Ol - =

p33de =84 SHAREE 51541
o] Ag® GC-2spd (ts) Al EolA
& p213t p53 A1 W G WskE Ejlsisith 2 A
psS3 AR WE oS sz dEke FEEC] T}
o we} & 2polE HolA] FUTh (Fig. 3B). AR p21
ARpe] e APz ks FEEC] FET7R wet f9
3 7HAE B (Fig 3A). ol Az dee F5E0|
GC-2spd (ts) AlEolA ZEJdle] oJsf 71 p21 ]
B AT RA e o Al 54 RISk A
o= et 4 gk HEgh AR ogkE FEE0] p53 fF4

24 deolle JS FA] Fporu g ps539t YA HEE
p21 Ak Hdo| FgS vX= A= *M“% T 3

9} 3 tiEAQ 2EHA
fAAe W WsE Bl
shock protein, HSP)> %7} 73
P A= TR AZEQ o, 21 o]l of2] 7}
Al oFs A=, 2E# 2ol o5 IRlo] FUlste] AlEAME
o] o] 7% FH L Heste] AAlstle AR UeA
AT} (Wang ef al., 2014). WEhA] AE 144 2EY A RS

:(IJI=
A
9/
fn)
ue
o
o
rﬂ
:I:'t
D
9
o
57

fﬂ% 1401]/‘1

0

7Hedle ARE 854 dude] iy A s %%@ T
E]—. 2Ejdlo] XZE GC-2spd (ts) *ﬂ_:_oﬂ A Az JERE

FZE0 93 Hsp703}+ Hsp90 317} 2d u } Hale 8t

OH 2 A3}, Hsp70, Hsp90 312 =% 2E]dl 100 uM
A izl Hlsf o] §438] F7lsIAem™ ol 4h

Z dErE FEES 5 (10, 25, 50 ug/m)= A2 ekAF A
X]-?Q_E Hl—aﬂo] 7]'/\?;}11’4-

Hspo0 75 2Ell A2l div] A 10 pynt 5
RE R GEHOR O PAE BYOM, PRHE

o HE

10 pg/ml F=FE AR T 50 pg/ml oA
B4t} (Fig. 3C, 3D) 019} e Axe

Hsp70 §-3A=
foj&el zjo)|&

GC-2spd (ts) AMEA AHlZ oghy FEE0] SERICE f
TH 2EYEE Fo4Fed a9t deS sttt & ¢
Art.

AlZAPE - QARES] F37F Wyl Wk ERIsIST. Al
FAFE §EE Bax HEAPERESQ })9} Bel-2 (HZAPEY

A|ANZHe] H]E (Bax/Bel-2) 712 ¢l o] Alole] #39]
MARA Ho] AFEAPH0] $utEl= Aoz Ad#A Ut}
(Donovan and Cotter, 2004; Rossé et al., 1998). W=t
Eldloz FE8 GC2spd (ts) AIEAA Az des 5%
o] 93t Bel-23} Bax -4 @3 oAk WIS el
a2 Az, Az ek 2282 A o5 Sold Bax
oqu} B T oJFEFHOZ X ] 3k OU:] /\E]E%Oﬂ BE
ZolE Bel2 Az wEle ku &z oz =AATH
(Fig. 3E, 3F). Z=gj&lle] <J3k Bcl 2 872 W W7} Bax

RhE FA] 42 Zlo® Hol Aol 7)ole Bel-2 314
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Fig. 3. Effects of SCE on the expression of stress-related or apoptosis-related genes in
GC-2§pd (ts) cells. RT-PCR was performed to confirm mRNA expression of stress-
related or apoptosis-related genes (p21, p53, hsp70, hsp90, Bax, Bcl-2). The band
intensity of the genes was measured by densitometry, normalized to GAPDH and
presented as the means = SD (n = 3). Statistical differences (**p < 0.01) compared
to cell cultures stimulated with styrene in the absence of Saururus chinensis ethanol
extract are indicated.

K= Bax 370l 24 93 PR AS & F UATH Hol Fgo g o8 F79| caspaseEo] MIEAPH] FofsiH,
olfgt A= ZEEl] o5 fE MEAPEe] phillE ot 1 % caspase-37F HEH R GAstE o] MEAPE S =S}
< FEE o8 AR L ovjgitia & 5 Uk 3, Bax®} Bel-29] H]E& (Bax/Bel-2)2] S7H7} caspase-3<2]
sl Fagh 93 sk AR d#A Ut (Alnemri,

4, ~EJEI0] o|sh THHAL Yol Muix FZEZ0| 0IXl= 1997; Li et al., 1997).
A3k ol olof wa} B Afoxe Tl FFoA AEAFE A
AutA ol M EZAPE 7|22 caspaseR} S8 ThE S wld (Bax, Bcl-2, caspase-3)e] 572 E18}3ZA} western
2ol o AE W @ido] Bajeur Alert AeEe 2 blottingS XEATE 2 A3, GC-2spd (ts) AIE] 2E-
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Fig. 4. Effects of SCE on the expression of
apoptosis-related proteins in GC-2spd
(ts) cells. Western blottings for the proteins
(Bax, Bcl-2, caspase-3) associated with
apoptosis were performed on the lysates
of GC-2spd (ts) spermatocytes. The levels
of B-actin were used as an internal
standard in quantification of Bax, Bcl-2,
and caspase-3. Statistical differences (*p
< 0.05, **p < 0.01) compared to cell
cultures stimulated with styrene in the
absence of Saururus chinensis ethanol
extract are indicated.

100 uM #2] Al, Baxe] 2d ZHE I Bel-29] @3S 9
Al=e] Bax/Bel-2 Hl&©0] F718laL, il dehs FEES
2o s 9EHoE Baxel e g

2 S7IEo] Bax/Bel-2 Hl&o| #adshs e I
(Fig. 4A). Z<E]F& mRNAS} vV X2 chalz

Bel2R U= Bax®] @&o)] 93-S Fo] Bax/Bel2 HE&S &
TAZ) AL, A% o|eke FEEE Bel-2BThs Bax®] 3ol
PEFE Fo] Bax/Bel2 H| &S FHAAIZT (Fig. 3E, 3F,
4A). o83 Ade eI A x ogks F5E°] Bel2
AL TRE Bax f3e] =2 @3S vR)7] wjZol2kal
st 4= o), Eok 2EjR x2]ol 2]3) caspase-37}F F71sE
A9E Az deE FEES FEEE XEs 25 ugml o]

50

(¢

oAl T EHOZ caspase-37F HAseE AL ERIF
At E3] 50 pg/ml F% o)l caspase-37F FAE] A
STt (Fig. 4B).

AHAAHNE el B GC-2spd (ts) Al EoA =g
100 uM A 2]A] Bax e F313 Bel2 W9 AR
Bax/Bcl-2 H]|&-©] %‘7]’Q1, =2 Qls) caspase-37]— Z=7}51]
AZAPge] fEH, iz dgkd FEE2 ZE-l ot
Bax®} Bel-29] & W3}E Asliste] Bax/Bel-2 Hl&S 74
A7), 22 <&l caspase-37F THAaE o] AlZAPES JA|sle
RO FET),

AF7HA ZEElo] Al gl AgsEe] A7) vx=
Gl tigh ATES AAATF (Han ef al, 2007; Lindbohm,
1993; Teramoto and Horiguchi, 1981), o|H A& 7lAs|&
A - g Are AFE AAolnE B AT
2Eldlo] v~ 7 HRA| 2 v e Jg} 2o o)
Aze] ARAE HE G SRISKIT. pRes AR
A EZeA] ZEJ-lS ROSE S7HA Akst ZEHAE F28
W, AEx=s} e AEAPE 712 S9sAIthe A9E &
A 2= mRNA, ©E I H3lE Fal E2lsiint
o]¢} 7H2 AAAI= TRE UliEH] Aol EHQl Bl EA
oJgt o] AFUE XS (Kim ef al, 2015). 12|31
Az CehE FEES ZEHY 98 F7HE ROSE F&
o)A o® Zanzlon, e o s W ¥
315 Aslatdnk. 53] 2l 28] Z7HE Bax/Bel-2 Hl&
I} caspase-3E& HHE AEE FEEC| FAaAA AXAPES
AA AT Aoz Az oekg FEHES 2Edo 9
S AE 58S AAlsl rhes ARAZE HIske 39E
B2 £ O A% de AFE
BEAX Bs @48 7= Ax §
B4 AlxAPE oA
vivo 9% S Q31 s

-

o

galstar, 1

2l =

2 A7 FEAH AR AIFEAIRE: PI00938502)
o] A of| o7l o]Fofxl AR o]of A=Y
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