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Protective Effect of Panax ginseng Ethanol Extracts Against Bisphenol A (BPA)
in Mouse Male Germ Cells

Hyung Don Kim, Sang Hyun Shon, Jin Seong Kim, Hee Jung Lee,
Chun Geun Park, Young Sup Ahn, Sang Won Lee’ and Young Ock Kim'

Department of Herbal Crop Research, NIHHS, RDA, Eumsung 369-873, Korea.

ABSTRACT : This study was carried out to evaluate the preventive effect of three forms of Korean ginseng roots (fresh,
white and red) against bisphenol A (BPA) toxicity in mouse male germ cells (GC-2spd, TM3, TM4). ROS (reactive oxygen
species) generation were measured by DCF-DA (2°,7’-dichlorohydrofluorescein diacetate) assay. Also, semi-quantitative
reverse transcriptase polymerase chain reaction (RT-PCR) was performed to quantify the mRINA expression levels of apop-
tosis-related genes, Bax (pro-apoptotic gene) and Bcl2 (anti-apoptotic gene). ROS generation was increased by 50 uM BPA,
but definitely decreased by treatment with Korean ginseng extracts (fresh, white and red) in mouse male germ cells. In espe-
cial, Korean fresh ginseng extract reduced significantly ROS production to normal control. In addition, Korean fresh and
white ginseng extracts suppressed the apoptosis of mouse male germ cells by fine-tuning mRNA levels of apoptotic genes
changed by BPA. In general, Korean fresh ginseng extract was more effective than white ginseng extract for reducing BPA-
induced oxidative stress and apoptosis in mouse male germ cells. Therefore, Korean fresh and white ginseng may help to
alleviate biphenol A toxicity in mouse male germ cells.
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M oA Zety A Z WA ARSE ok o &
ARE-E|= BPAS] 54 wjZol &7 FollA Al 1Al =&
Ul&EH] ol &2 (Endocrine Disrupting Chemicals, EDCs) o] X&FQ =& 7t. Ale) HEx] 5 kel ofjHk thRo] I
< FAES AA Hel SRl B iEEi’J T&A 3l BPAS] ARE-S Eo|al, =z tidste] AAE HEs)
(receptor)g} 7&&6}04 :Q‘_EE.O] AL OJXJ] 3O 07]./\]710 = uLop:'zl FJ—/\H Ax7F HQ 3k gﬂo]]ﬂr (Kho et al,
2R 27159 o), Aulgde] v, 328 BH|ol B 2010). o] A FTEFES XIS gk B4 22 o
g, /9715 A, ARA v, 722, H71E Ak R g dlE gt e AR UEA oE=E (Lee e dl,
9 AP F7F 5o tdst s s 2oE Uy 2011; Shukla and Kumar, 2009) &3 $1 ZZo|g} g
Z ATt (Degen and Bolt, 2000; Guillette et al, 19953; F A3, 71FE AFolA ojn| 3] FAke] BPAY| Tk o
Kim et al, 2005). 2 5 A AANNA 7P Zo] k= EAEANY 7FeE AXEAJT (Kho ef al., 2010; Yang et
AE BEA Fo| dhiel H|]2wE A (bisphenol A, BPA)  al, 2014).
= UEA FHsEEo2A FE A, T2 BPAE AEERA SAS 7 54 wRdl F2 =2
YA, XF XNFE A, PVC AEZ B folg o 2 W7 A2A ] WX Gl & AR LA AR FA
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AAANE G mRItk Bkt (Eo and Lim, 2008;
Vom Saal ef al, 1998). T3+ BPAE ol#] 59| AL
A 84 2k (Reactive Oxygen Species, ROS) 5715 S35
=4S do7)3, Ax AlE APES feshs Ao® U
St} (Eo and Lim, 2008; Xu et al, 2002). W2hr & A
T PR-2E] F2 AWM ZFE 7HKAL BPAZE A A o
H 2= FEF el AXNAE Be g3 We]za At
AT},
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1. MIZS B

B Ao ALE-3E mhg-2 F WA ES (Spermatocyte cell
line) GC-2spd (ts), Belts|M2EF (Leydig cell line) TM3,
MEZEZ A EF (Sertoli cell line) TM4+= American Type
Culture Collection (ATCC, Rockvile, MD, USA)lIA 3}
STt MAEE 10% Fetal bovine serum (FBS)Z} 100units/mL
Penicillin3} 100 #g/mL streptomycin®] 323¥  Dulbecco’s-
modified Eagle’s medium (DMEM, high glucose) B
2 wksiden, 37C, 5% CO, %7 (MCO-20AIC,
Sanyo, Moriguchi, Osaka. Japan)y2 §X|3}%it}.

2. et Wipl S FEZ2 X

Ao ARGE i (@), Wi @dD) AEE $H8E
odlA, T4 (6d) AEE RPN A FEith 74
g AlEE 22t Lol 4712 A9Skal 70% Ethanoll
80C =AM 31 IFFZE § w551l sAxs 2
35132, DMSO/PBSS 50/502 &3l &) 100 mg/mL %
=2 gafste] Ao AMg-siith

3. 8P4k (Reactive Oxygen Species, ROS) Mzt =5

R AAAES] AZY At B4 RS ga3E 46t
7] $J8ked 2 <, 7-dichlorohydrofluorescein diacetate (DCF-DA;
Sigma-aldrich, St. Louis, MO, USA) assayZ 3}th GC-
2spd (ts), TM3, TM4 cell2 96-well platecl] 5 x 103 cells/well
o] T EFste] 2477 St AES FESAZITE BPA
(50 pM), Q13F F=E (50 g/mL, 100 pg/mL) B F=& &)
(vehicle, DMSO 0.1%)& Z+2t A g]stal 24A17F vl &
Serum-free media®] 20 uM DCF-DAS} 0.25mM probenecid
2 &%ste] 5% CO,, 37C incubatorol] 44037 223},
Krebs Henseleit Buffer (KHB)Z A3} incubatoroll A 1]
7t &< WESAIZl F microplate reader (Biotek, Winooski,
Vermont, USA)E ©]&3lo] 3F (exitation 485nm /
emission 535 nm)E =43t}
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4. Semi-quantitative Reverse Transcriptase Polymerase
Chain Reaction (RT-PCR)

- AAAZO] A FAPE HE FAES] $E AEE
ZAFs7] 918l BPA (50 uM), <14t F5E (100 g/mL),
5 gul (vehicle, DMSO 0.1%)2 305 S<t 223}t
Fot A XEZHE Trizol reagents *]2|3}¢d total RNAES
£33 G AA} kit (Fermentas, Vilrius, Lithuania)ol] <]3]
cDNAE A|lZg thy, 53] cDNAE PCRE FHAIZCH &
Az 5= 93te] Bax forward primer: 5-AGCTCTG
AACAGATCATGAAGAC-3'$} reverse primer: 5'-CTAGCA
AAGTAGAAGAGGGCAAC-3', Bcl2 forward primer: 5'-
GGGAGATCGTGATGAAGTACATA-3'9} reverse primer: 5-
GGTAGCGACGAGAGAAGTCAT-3' 12|32 GAPDH forward
primer:  5“TCAACTACATGGTCTACATGTITCC-3'$}  reverse
primer: 5-“TGAGTGAGTTGTCATATTTCTCGI-3'S AM&-313iTh
2% agarose gelolld 7195313, Et-BrE A3 5 UV A
oA Azkete] Bt
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o
=

5. HPLC ginsenoside2| #A4

FaEk 4ol 2FEE8 Hlwd HPLC 21 o3
2t} Columne Kinetex C;g (14.6mm x 100 mm, 2.6 pm)o]™
£42 | mL/min, column &5& 35C, A EFUFS 1040
2 UV 203mmollx ATt olsde A st k=

Table 19 YERHATE.

. S X2

BE AYE 3 ol ks Sl Het £ REVAE B
718t30m, At o8 Student’s rtestZ FF3L] p-
value ko] 0.05 P|vhed o) FAH o2 Fojsiriar st

1. Ginsenoside &3 &0l

2 AFolMe A 34 FEEES] N ginsenoside®]
25 Ao RN Abxd g FEe] polxlE I
ginsenoside Rg3, Rg5, Rkl 52| <14 €4 prosapogenin
SatollA ERIsttt. A8 QU4 AR ginsenoside
Rbl, Rb2, Rc, Rd, Re, Rf, Rgl, Rg2, Rg3, Rg5, Rhl,
Rh4, Rkl, Rk3, Compound K, FI, F40]%lom ©o]|E< Fig.
13} 7re] HPLCE st 753 A3 nlagRlsidict. 7t
Tl W2} ginsenoside®] FFel o] thdsiA Wsk=
o, 53] 34 5% AlEdes HZd FSHolodA)
(Mochizuki et al, 1995), NO #u]e} dgolet g3} (Kim
et al, 2006) 2 =75 /N &3 (Joo et al, 2006) S°I

T RS oHE
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Table 1. HPLC analys is conditions for ginsenosides.

HPLC Agilent Technologies1200series
Column Kinetex 2.6 XB C18
(4.6 mm x 100 mm, 2.6 xm)
Wavelength 203 nm
Column 5
temperature 35C
. Solvent A-Water (+ 0.0005% Formic Acid)
Mobile phase L
Solvent B-Acetonitrile
Flowrate 1.0 m¢/min
Grad'l.ent 0.0 min solvent B 18%
conditions
8.0 min solvent B 20%
10.0 min solvent B 22%
18.0 min solvent B 33%
23.0 min solvent B 33%
33.0 min solvent B 50%
42.0 min solvent B 50%
42.1 min solvent B 100%
47.0 min solvent B 100%
47.1 min solvent B 18%
52.0 min solvent B 18%
T ,,,_;_W,ﬂjjh,L ) 7J\JJJM7A

Mixed standard

7777777 A

Korean red ginseng

Fig. 1. HPLC chromatogram of Korean fresh ginseng and
Korean red ginseng as compared with the chromatogram
of the ginsenoside standards.

[SAR=N
AR

ATk U#A ginsenoside Rg32] 57171 7P 81717 0]
ATk Lee & (20060)°] A2 NME Rg3e 584 &2
TFaolle SAIHA] FUAT Fakolle EAlste] & A Az
o} ARSIt SHH ginsenoside Rg32] 3™ (epimers)E
20(S)-ginsenoside Rg32} 20(R)-ginsenoside Rg3Z 2= =H|
a8 1949} At Fatelle AL EAEHA

ok
o1

Ginsenoside
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Fig. 2. Effects of ginseng extracts on reactive oxygen species
(ROS) generation and apoptosis by bisphenol A (BPA)
in GC-2spd (ts) cells. All fluorescence intensity values (A)
were normalized to BPA-treated group and presented as
the mean £SD (n = 3). The band intensity of Bax and
Bcl2 gene (B, ©O) was measured by densitometry,
normalized to GAPDH and presented as the mean + SD
(n = 3). Statistical differences (*, p <0.05; **, p <0.01)
compared to cell cultures stimulated with BPA in the
absence of ginseng extract are indicated. KFG; Korean
Fresh Ginseng, KWG; Korean White Ginseng, KRG;
Korean Red Ginseng.

Rg3= 7FgAg]olA] A== prosapogenin®Z2A] 71l <Js)
3] Z7HEATk T3 2 24e 20(R)-ginsenoside Rg37}
20(S)-ginsenoside Rg3 @1t °FF ATt Hong 5 (2007)
2 PDA ginsenoside?] Rbl, Re] 735 S&E27178 743}
o Agsied # A et 22 AE eIl 2
= Kol FAEl Rb2 (Yokozawa ef al., 1996)¢} Re
(Attele er al., 2002y= Z3kolA Boks, dehol9ka T} (Kim
et al., 2003)2} HAABAA G (Yue er al, 2006)7F U=
Rg3v= SAatollwh yelylth, B3t Jxbe] 854S 4Es] 57t
NZE & 5= AE ginsenoside Ree SAFHTE oA e
&ol

=2 S8k

i=]

]
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2. 0IR2 AZMIZO0IM Bl~HI=sA0l Cist Qe
g% 21}

mhe-2 ARAEFO GC-2spd (t5)3 o83t w2 Hw
I

AlzelA] BPA 2ol tigt it FEE9] e g9 4
SIStk MTT assayE 5311 GC-2spd (ts)°llA] BPA 50 uM

A ALFA] 32

(ROS) S71ol gzl A4
3] DCF-DA assay S

stolsl9itt. BPAC] €3 &4 kA
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Fig. 3. Effects of ginseng extracts on reactive oxygen species
(ROS) generation and apoptosis by bisphenol A (BPA)
in TM3 cells. All fluorescence intensity values (A) were
normalized to BPA-treated group and presented as the
mean = SD (n = 3). The band intensity of Bax and Bcl2
gene (B, C) was measured by densitometry, normalized to
GAPDH and presented as the mean£SD (n = 3).
Statistical differences (*, p <0.05; **, p <0.01) compared
to cell cultures stimulated with BPA in the absence of
ginseng extract are indicated. KFG; Korean Fresh Ginseng,
KWG; Korean White Ginseng, KRG Korean Red Ginseng.

ROS A4 BPA 50 pMoll 9J&l 152 S71ski L, 01
ROSE ¢4t FEEo o8 dASHA A=A (Fig. 1A).
A 9 9 3 FEELS T 8o E ROS S
°*Xﬂ sk= A& YERdTh 100 zg/mL A g]-e] ROS A4

< BPA FAPTH fARE FEoRlaL, FEE SR wE

XMf A 29T}k (Fig. 1A). BPAC 2]3h ARA| 2] Al
APE (apoptosis)ol] 14t FE=o] ol FFE WIAEA &l

a7 flal, A FEEA o MEAE #-E FHAE
mRNA H3}3-S Semi-quantitative RT-PCRZ 7 #3131t} =
2 4 552 BPAY 9d =0 Bax (HEAME
) mRNA IS A8 o™, BPAY] o3 Fol&
Bel2 (MZAFE oA chal) mRNA S ZXIAFT (Fig.
1B, 10). W4t F2=% 4, &4 #5534 "RRI7IAIE Bax
mRNA &S JA&3L Bel2 mRNA 23S XA ZA 9
Bax mRNA 74 G3p7F BAIK SR o8t 7= oY
At} (Fig. 1B, 1C). GC-2spd (ts)llxe] A3 Ax= 3
A, WA Ak 2o npheA AR FoA BPAC 9]3H
ROS 57Fe AL, AlZApd #d §-3452 mRNA 2
Hol| JIFS Zo =M A ZAPES JAlele Tt UL
HGIe =
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3. 092 2lolCi5] MIZZoiM BixHi=Aol thst Qlet FE=29|
L=k

wR2 A ) AE 5 Shel 2eltls] AEM BRAS]

3 Q4 F3E BE EAE WA s vk ghol
s AEFR TM3E o|&ste] A3t MTT assays
Sl T™M3 AlZelA BPA 50 pM7EA] M50l §leS &
olalgietl, o] Az 7129 Buel XAt (Kim e
al., 2005). BPAS] 2]+ &4 Ah4 (ROS) A% SVl o
3 QA FEEo] o' JFE mIX=A] gelsl] 2l DCF-
DA assayS AA|SATE BPA 50 uMell 2J3] 5718 TM3
Al W ROS ARSI FEE o8l JA=EAT (Fig.
2A) _,_;q_ Hﬂ)\]— UT :@/\1- %%_0_ R o]}_;a_& ROS Ag
AE AAIsIAAL, ko] ROS A A 237t 7P et
%t (Fig. 2A). Semi-quantitative RT-PCRS 53] BPAY
oJ gk gfolt]3] AMlaEe] Al ZAPEe] mA= Qi FEE] FF
T SRl 74k, Wiak Bl 34 522 BPAY &) =
ojit Bax mRNA TS A6kl on, BPA] 23] Zol&
Bel2 mRNA &2 EZIAIHT (Fig. 2B, 2C). 53], 4t
FEE9 93t mRNA HHHF WH3l= Bax, Bel2 gene &5
AN FAFCRE Folg FFol, vzt % 7Y
t} (Fig. 2B, 2C). TM3 A|EoMe] A3 A= E35ts) £
o, vhe-2 gho|t]3] A|Eoxe] BPAY| tigh Q14 FEE9
B3 gibe 74 > uat > 3k o= YT

4. 022 MIZ2E2] MIZoIM BlaEisA0l Tist ol 52
o] B85 it

nhe-2 H W AE T skl /‘ﬂiiﬂ AlZellA BPA
400 sl <14k FEEC] MXe IS at7] sl =t

skl
T2 A2ET] AZFR] TM4E o] g3t APt MTT
assayZ E38 TM4 Al3Eol|A BPA 50 uM7HA] Al Z5AL ¢l
Reow ol e 7180 Bt dREt (Kim e al,
2005). DCF-DA assayS 53 BPA] 2|3 TM4 A2
ROS Z7tel tigh <1ak FE2=¢ a3E Itk BPA
50 uMell <J8fl Z7HE ROS A2 Q4 FE2E o8] A
HJct (Fig. 3A). v Wik} 3 n‘ FZEE2] ROS A4
A Zd= SAHCE FoFt FEeE UEhA] skt
(Fig. 3A). Semi-quantitative RT-PCR %’3]1 BPAol| 2|3t A
252 Alxe] AEAPEY] mXe i FEEY TS 2}
s A3, ’““Jr ““%‘ FEE2 BPAY «l &l =o' Bax

l mlo

B} & Aoz AFAHATt (Flg 3B 3C) TM4 A4 9]
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Fig. 4. Effects of ginseng extracts on reactive oxygen species
(ROS) generation and apoptosis by bisphenol A (BPA)
in TM4 cells. All fluorescence intensity values (A) were
normalized to BPA-treated group and presented as the
mean = SD (n = 3). The band intensity of Bax and Bcl2
gene (B, C) was measured by densitometry, normalized to
GAPDH and presented as the mean=SD (n = 3).
Statistical differences (*, p <0.05; **, p <0.01) compared
to cell cultures stimulated with BPA in the absence of
ginseng extract are indicated. KFG; Korean Fresh Ginseng,
KWG; Korean White Ginseng, KRG; Korean Red Ginseng.

AHS Ea), npo2 A2EF] A XoA BPAY thak Fakat
Wakol BE gE FIE 4= L, S4to] WAL 94
gk Ao 2 YETh

2w A9} 72 YEH] Aol &2 (Endocrine Disrupting
Chemicals, EDCsy> 8 FollA] |7 AA =&, X|&
Zo]7] wiitol] TheFst o thRF} BlEo] Wojed A
T7F Fasith Ak MR oflet Abpfel 22 oy 7
AAE st A7} = Y3 o] a3t Harg uf
T AAT (Kwon et al, 2009), 71274 887 8 &
H EZLE off glojA A&H Ayt ot AA el

BPAY| gt MEAPE S ofe] TR AlxoA HiHU=
g, ¥ d7e] gideldd 7 AY2A| Zo A= BPAY] ofgt
Al FAtEo] B EAT} (Eo and Lim, 2008; lida ef al,
2003; Kim et al, 2005). T3+ 24 EDCsol| thah o
B2 A&Ho2 Atsoe] gkom EDCsol|l Uigh He g3
T BaE vk At (Lee ef al, 2011). WE 2 AFoxi=
T A LA ] BPAS thgt QIAte] RE g3E BAS)
ATk mR2 FA A E JARAE, gt M E, AEE
ZHEy= BPA =Zdl o3l 4k Ao ST, Al
FApdo] fEElew 4t it 2 ZAF FEE] o8 &

oA AT 2 adks i > uit > B FEEY]
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o7 et ke i Be e vEEA AR
o] Wsl7t 7|22 (Choi er al, 2010; Nam er al., 2012),
Ho o] Aol ol Wik e 4o R VheEe &
Aol Wskehs & AR TFe] Aol fEdd Aozt A
Hoh 7hes Fell Ak, HEH 22 oFgA=e] fE e
s A7 ol JIAHL AT (Nam ef al, 2012
Song et al, 2012), ANHOZ 7} Bl Foj=E Ao
e A viEE Aot & Ave S F84E A
A A Frks Aol AlAksks vt A 2y ==
o A A7 A7 SlsiM= BPAS dish AAAE B
T e e a7 SRS EAE, o =Rl A
EAFE oAl 714 S Fe A WaE ok & A
olth. &gk, B in vitro AT AzE AA WM =
Ad==A HAQlshs 7t 7= st

= o]l
I R
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