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Study of Ojayeonjonghwan on hydrogen peroxide-induced oxidative
stress in male reproductive GC-1 germ cell lines

Mun Seog Chang', Ho Chul Lee?, Seung Ho Lee?, and Seong Kyu Park"

"Department of Prescriptionology, College of Korean Medicine, Kyung
Hee University
“Department of Science in Korean Medicine, College of Korean
Medicine, Graduate School, Kyung Hee University

ABSTRACT

Objectives : The purpose of this study was to investigate the antioxidant activity of water extract of Ojayeonjonghwan (OYH)
in GC-1 germ cell lines.

Methods : DPPH radical scavenging activity and cell viability assays in GC-1 germ cell lines were performed. In addition,
the protective effects of OYH against hydrogen peroxide-induced oxidative stress in GC-1 germ cell lines were examined
by measuring cell viability after H,O, treatmet. The formation of ROS and the antioxidant enzymes activity such as SOD
and catalase were measured in the same condition.

Results : OYH scavenged DPPH radical dose-dependent manner and the ICs, was 63.79 pg/ml. OYH showed no
cytotoxicity at concentration of 1, 10, 100 ug/ml. The hydrogen peroxide-induced cytotoxicity of GC-1 germ cell lines was
protected to 53.66% by OYH at concentration of 10 ug/ml. OYH effectively inhibited ROS production in GC-1 germ cell
lines. Mn SOD and catalase protein expression were significantly increased in GC-1 germ cell lines, but Cu/Zn SOD
protein expression was not significantly changed.

(c) 2021 The Korean Medicine Society For The Herbal Formula Study
This paper is available at http://www.formulastudy.com which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided
the original work is properly cited.
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Conclusions : In conclusion, OYH has antioxidant activities against hydrogen peroxide-induced oxidative stress in GC-1 germ

cell lines.

Key words : water extract of Ojayeonjonghwan (OYH), GC-1 germ cell lines, cytotoxicity, MTT assay, superoxide dismutase

(SOD), catalase activity.

I. A&
AFIFENS RETO  TFHEWNEFR) oA ‘B
TREEY BEMRE Asdtty AL FF5HU
Ol TRESEE, olME TEEAR, & d8 s
cdl oFE A MR O, T TH, BRT 5
M, ARF 1/, FaF SWe= Hst HAow B3R
B3, Fmmm o Qe BF Ml ALgskalh.
EFfIEAC] digh A& AFEA AFATEAY
Abstasel digk 71E ATl s AAA EgAka
o LS ol mEk{baEe SXaHt des W
vl 91em® cyclophosphamide® e 47 AF
A B4 4 ant 2 gRoAY Hiae
¢l dxd 3 testosterone, estradiol®] =7} &7}
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ALY AFAIEHAKH-204)9] androgen—deprived
rats®] W4 BRI gt gk A7t BuE g,
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2. Cell line ¥ culture
1) AlXEs 2 AeF
Ao A" AMXF= AJF 2 Spermatogonia

(GC-1 spg)ZA America Type Culture Collection

(ATCC, USA)elA Fdaisivt. & H3s f8iA

fetal bovine serum (FBS; GIBCO BRL, USA),

dulbecco's modified eagle medium (DMEM; GIBCO

BRL, USA), trypsin—EDTA (GIBCO BRL, USA),

2,2—diphenyl—1—picrylhydrazyl  (DPPH;

USA), ascorbic acid (Sigma, USA),

Sigma,
ethanol

99.9% (Duksan, Korea), tetrazolium salt 3,
[4,5—dimethylthiazol—2—yl] —2,5— diphenyl
tetrazolium bromide (MTT; Sigma, USA),
dimethyl sulfoxide (DMSO; Sigma, USA),
hydrogen peroxide (Sigma, USA), Anti—Cu/Zn
SOD, Mn SOD (Stressgen, USA)®} Anti—

Catalase (Abcam, UK) o] AFEH T & 2o
AH8E 717]% rotary evaporatory (Eyela, Japan),
freeze dryer (Cooling & Heating Systems,
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Korea), deep freezer (Revco, USA), microplate 28 g, BEF 20 g, HEIF 12 g, AKF 4 go=

spectrophotometer  (Molecular Devices, USA), ZF 100 g& A THS
CO, incubator (Sanyo, Japan),
reader (ThermoFisher Scientific, USA) %o]t}. E o] &3ty 100C 7}7to)

2. Ag Wy
1) AlB9 Ax

EFAEAS TASE ohilel WS TREE o ¥E9e $AA%)E
£, Fusgor], Boby oW Aoy §US

3% 1o ®HAIEHGITE (Table 1).

Fluorescence plate 2,000 mlell go] 90 & &

e AHeZREH 90 &

S, filter paper® 7t

=43k -r] 1;(} =T

vacuum evaporatorg ©]&3le] FHFAS A

gy

oj-gate] Uxg wTS
&

ANBZZ ARgSAY. FEAE FEE(OYH001)

MIICT 36 g, AT 30.54 g& doH, &2 30.54% °|Att.

Table. 1. Constituents of Ojayeonjonghwan (OYH)

Botanical Name Scientific Name Dose (g)
Fructus Lycii(#f2+) Lycium barbarum Linne 36
Semen Cuscutae($£#%F) Cuscuta chinensis Lamark 28
Fructus Rubi(ZZ&T) Rubus coreanum Miquel 20
Semen Plantaginis(Egj¥) Plantago asiatica Linne 12
Fructus Schisandrae(Z %) Schisandra chinensis Baillon 4
Total 100

2) AE vt

o &
" BN

32 Al

}

O

o2 Algel Ze FE9 ascorbic acidE Ab

4t 96 well microplate (Corning, USA)ol

GC—1 cell line& 37C, 5% CO, Z7ANA 10% ethanoloﬂ =9 0.1 mM DPPH® Z+ sx9] A|HL

FBS, penicillin (100 upg/ml), streptomycin (100 F A7lsto] & EEo] Aoe F, A20lAM 30 &
ug/mbeo]l Z7Fg DMEM ®ix 2 wjek= et GC—-1 ZF W% 3 microplate spectrophotometer ©]-&
cell line& 75 cm? flask (Falcon, USA)oA Z&3] 3t 517 nmollA] FFEE =AY Radical
A" 5 oaY 39 Ao R wYAE FHS scavenging activity:= U &Aooz AAE AT
phosphate buffered saline (PBS) &olo=z HojF DPPH radical scavenging activity(%) = [(Ag—Ar)/Ag] <100,
5 50 ml flask B 1 ml9 0.25% trypsin—EDTA &
NG Y 37CoA 5 1 Eﬂﬁ}oi MEE Gs) 4) Cell viability &%
of Aldl wiekstdt. @ate AxEE 10% FBS7E 37t AFHTFENC] Germ cell lines2] F2]ol U]i]‘—f A
# DMEM Hl¥e) 10 mlo] #7412 oFS A28 u) = dolr 7] 98te] Mosmann 5'Vo WS S8
&87] (50 ml culture flask)ell &7 1 : 109] split 3FtE 96 well plateo] 1x10° cells/ml-‘ll cell &
ratio® CO; ®l%7] (37C, 5% COp)olA wjds}d 100 WA ¥ 37C, 5% CO, incubatorol| Al 24 A
t}. et MY & wixE HEa mgAE BmHs
PBS &40z AojFrt. 2L o] mjx|¢k PBSel
3) DPPH radical scavenging activity9] 4 =2 AlE 1, 10, 100 ug/mls ZF welldl A2]8}aL
DPPH radical scavenging activity® &oli7] $ 24 AIZE FF AjeFsiith wiFe] Eur] 4 AIRE A
&te] Tanaka'”el WS &I AFATEALS of PBSell ¢l 5 mg/ml MTTE 20 w& 7z welldl
sAdx"E ANEE FFT Fo9A 1, 5, 10, 50, A & dFuE SR AFA = YA A7E

100, 500 pg/mle] == A

gl AxsGch P B 2 2AA WISk WY

O

poLg AAG F
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DMSOE 200 ul A2dt § 37CellA 2 AZF =3
% microplate spectrophotometerES ©]-83le] 570
nmlA FFEE Z43QITE Cell viabilityw® U
FAog ArEEA) Cell viability(%) = 100x<Aq/Ac
Ac; absorbance of control, Ap; absorbance of

tested extract solution

5) Hydrogen peroxide—induced cytotoxicity =7
Hydrogen peroxide®l] 2J3] =% Cytot0X1c1ty0ﬂ
gt ArATRERS] REadE dotrry] 3 MTT
test& &&3te] APEAT. 96 well platec]
1x10° cells/ml9] cell& 100 w¥ Yi 37C, 5%
CO; incubatoroll A 24 AJZH&QF wj%kst ¥ wix| &
WE)a wjdHE FHS PBS 902 RojFith
PBSell 521 zt7ke] Als 1, 10, 100 ug/ml¥} FBS
free DMEMel =<1 100 pM H.0, < 7}7+9] wello]
Ag § 24 ARE ESF vt migol ¥
A1 E wElal PBSE AIHE & PBSl <l 5
mg/ml MTT 20 pl¢} FBS free DMEM 200 ul&
Z} wellell A2jgh & dFrlgodz AF3 F 44
F et ZAe 7oA wgstith wgdSs B
A7 DMSOE 200 pl A2lgk 5 37ColA 2 AZF
W] 3 microplate spectrophotometer® ©]-&3&}o]
570 nmellA FF =5 A5

6) Reactive oxygen species (ROS) A4 =7
AFHTAENS] hydrogen peroxideo] 2]3+ ROS A
A GAl a3E dolRr] 9F ROS detection kit
(Cell biolabs, USA)2] manual ©]-835k] A3k
T AFATESA (1, 10, 100 pg/mDI} 100 uMe)]
H,0, 2] F 100 ul (100 uM) e DCF-DAE 7}
ato] 37C Z7olA 1A17F vl k3Tt Mediag Al
Asta 1X PBS & 23] AlF ¢ thg A2 serum
free media 100 w2} 2X Cell Lysis buffer 100 pl=
o] oA 51t widalth. Mixture 150 plE 96
well plateo] %A
(Fluoroskan Ascent 6—96 Well Plate Reader,
ThermoFisher Scientific, USA) 485nm excitation,

530 nm emission wavelengthol| A &4 3}3it}.

fluorescence plate reader

7) SOD, Catalase protein expression =74

Germ cell lineso] hydrogen peroxide® =23t

= Aglste] Fakst &4 SOD
Catalase protein L@ v X+ GIFS AU
100 mm tissue culture dish (BD Falcon, USA)el
10% FBS, penicillin (100 U/ml), streptomycin
(100 pg/ml)e] H7+He DMEM #i=]e] &detel 3x10°
cells/mle] cell& 8 ml & ¥tk 37C, 5% CO.
incubatoroll Al 24 AlZHE<E wike & AlAE W
3 HGAE EWS 1X PBS §9o2 AojFh
1X PBSel =<l Z4zhe] Alg 1, 10, 100 pg/mlt
FBS free DMEMel =<1 100 pM H.0.= 7Z+7+e]
welloll A#J3star 24 Azt &<t vigstsict. s
AAZR AEE 1X PBSE 2 3 FAF F lysis
buffers H7kstal 2AHAE o]&ato] Foldlth
o] AL 1.5 ml9 eppendorf tubeo] Hol 12,000 X
gollAl 10 &3 AEe st AEhs FHetal 4T
ol Zo] 1 uwE 3] Bradford's method?Z thal
A& AFedth AEe dd 30 ugs 10%
Tris—glycine gell SDS—PAGEZ A&t}
SDS—PAGE®% gelZ nitrocellulose membrane®]|
120 mA°lA 1A Bt transferg HAISE &
membrane 5% skim milkE ©]&3le] 1A17F A&
oA blockingd}$lt}. primary antibody?l Anti—
Cu/Zn SOD, Mn SOD (Stressgen, USA)$} Anti—
Catalase (Abcam, UK)E 1: 10009 52 4TCoA]
overnightdle] ®WFSA]Zl & T—-PBSZ membranes
Washingﬁ}i secondary antibody@ A-2ol4 247t

S3FTh kg0l EW membraneS ECL kite =
o]-g3}o

TEd ARE

g
vH$ & X-ray film (Agpa, Belgium)<
developal$ith.

3. BAAE

AGALe HPN+TF03 (MeantS.E)Z U}
EhUiglon, dxay AdwIel HAe zbolE
Student's t—test2 #HASI p < 0.05 € WE F
ARoZ Folsk xol7t e Aoz HAISI

m. 23

1. AFHTAEN2] DPPH radical &4 &4
AFENS =] wE DPPH radical &4 &

A& SAH3 A}, ascorbic acid®t EFTREAS &

¥ X oFHo=® DPPH radical 27 &4o] Z7}
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stk AFATERS ZH7E 1, 5, 10, 50, 100, 500
ng/mle] HEolA 0, 4.45, 9.8, 47.04, 78.37,
84.93%¢] DPPH radical 27 AL et
(Fig. 1). Dose—response curveZ%E 2F=&% 50%
°] DPPH radical &7 &4& Yehll= &9 =
% (ICs0)+= ascorbic acid: 4.63 pg/ml, AFHTHE
A2 63.79 pg/mle] ATt

1004

-8~ Ascorbic acid
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2
2
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3
83
8% 401
iE
o
o
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0 T T T T 1
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Fig. 1. DPPH radical—scavenging activity of

Ojayeonjonghwan (OYH). Values indicate

mean *+ S.E. of three replications.

2. AFfERC] BAMEY cell viabilitye] wX]&=
ks

AR AAAEY] A D F2 A= 9
F& 5437 fdste] MTT assay& T80T &
FHAER-S 1, 10, 100 pg/ml o FEolA GC-1
cell AFEES 7H7F 102.71, 117.34, 113.65% = e}
Wtk GC—1 AlEoNA AFfrRER S Foneh Axs
42 YeER A esktt (Fig. 2).

140
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1004

80

60+

40

Cell Viability(%)

204

0

Fig. 2. Effect of Ojayeonjonghwan (OYH) on the
viability of GC—1 cell lines. GC—1 cell

lines were treated with OYH at 37C for
24 h. Each columns or points represent
mean = S.E. (n = 3). * significantly
different from the normal value (*: p <
0.05).

3. Hydrogen peroxide®Z +E% cytotoxicitye]l T

g AFATREAS] FAsta T

GC—1 celll th3+ cell viability A3l A3}
hydrogen peroxideol <8 =¥ cytotoxicityE
=439t Hydrogen peroxideo] <& Hx=%
GC—1 cell> A7l Hlste] 2H7; 36.65% = {23t
Al cell viability7} 748kt (p < 0.001, Fig. 3).
Hydrogen peroxideo] &3] F%=% GC—1 cello]
ato] AFHTREAS 10 pg/mle] s=olA 53.66,%
E2HE YERNATE (p < 0.05).

f
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0 T
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Fig. 3. Effect of Ojayeonjonghwan (OYH) on
hydrogen peroxide—induced cytotoxicity
of GC—1 cell lines. GC—1 cell lines
treated with OYH were incubated in
the presence of 100 uM H,0, at 37C
for 24 h. Each columns or points
represent mean = S.E. (n = 3). =*
significantly different from the normal
value (x#x: p < 0.001). # significantly
different from the control value (#: p
< 0.05).

4, AFHTREAC] ROS A WX & 9%

GC—1 cellol A A2tel] el vz ROS A
o] fostA F71et oM (380.6 vs. 553.15 unit,
p <0.01) AFHTFEAS 1, 10, 100 ug/mle] Exo|
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A 747} 382.86, 461.11, 369.54 unitS vFERYO] U
Z HE ROS AAe] JdAES & = UL (p
<0.001, Fig. 4).

600 *%

500 #

400 i o

3004
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RFU (relative fluorescence unit)

0
L T

0 H,0, 1 10 100 (ug/ml)

Fig. 4. Effect of Ojayeonjonghwan (OYH) on
hydrogen peroxide—induced ROS production
of GC—1 cell lines. GC—1 cell lines
treated with OYH were incubated in
the presence of 100 uM H,0, at 37C
for 24 h. Total cell

cultured cells were analyzed for ROS

lysate from

production. Each columns or points
represent mean *+ S.E. (n = 3). *
significantly different from the normal
value (x+: p < 0.01).
different from the control value (#: p

< 0.05, ##: p < 0.01).

# significantly

5. AFfFENC] Cu/Zn SOD, Mn SOD, Catalase

protein 2@l wX= I

BAMNALES BElstes @49 CwZn SOD, Mn
SOD, catalase®] A% Z4S ¢18] Western blot
S AT GC—-1 celldlX AEFATREAS 10,
100 ug/mle] FZolA] hydrogen peroxide®] <]l
et fEE tETtel H)s] Mn SOD, catalase &
Z~9] protein ¥&dS F7HAFA T

Cu/Zn SOD

Mn SOD

Catalase

p-tubulin

N C 1 10 100

Fig. 5. Effect of OYH on Cu/Zn SOD, Mn SOD
and Catalase proteins
GC—1 cell lines. Analysis of western
blotting was done on Cu/Zn SOD, Mn
SOD, Catalse and [(—tublin

Normal is vehicle treated group. Control

expression  in

antibody.

is hydrogen peroxide (100 uM) treated
group. GC—1 cell lines treated with
OYH (1, 10, 100 pg/ml) were incubated
in the presence of 100 pM H,0; at 37T
for 24 h.

internal control.

B—tubulin was used as

I\ _']7_7‘(]-

ARG GG Gl F AL FosA vF
A= Aol EAitAol theket AFA T o5}
AT Aol Ve A o) s el thdt
SAZE AAE I T AdddAE AstEd Absiwk
<& Fote] AUAE FFLA Hed, o] A A
free radical® 2zt A AFa(reactive  oxygen

species, ROS)7F WA A whedolt}, o]e]gh Z&d
st ~A~~2 v 7|2 M  superoxide dismutase
(SOD), catalase, peroxidase &< ¥ditatassol o
7 vitamin E, vitamin C, glutathione, ubiquinone,
84 T 2E kst EFEC] HAAsERNE A
AE BEsHA Hrh sHARE o]e} e wWolr]|He
ool AVIAYV v EH, sEF ol f= <ty

AT AGAA Aol W kst 2EY X
(oxidative stress)7} ‘37]% ZoltH?,

spEzEo] A U Eole] 9lole] whE ke Alwm
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W BRgE T AT, AREL, BREJE Sk
HEHN, MAMEA, FERE &R HENE
BOERS, BERFEMNGEE, ROMEN ARG, SAEm
ol NEIRG, BEREAN +TNEE BBEE
H S0 =2 EHAed AR BER A% £F
o] 7h¢ Wi 53| BRER Q% FEcl 7P Bk
o BEBES BRES 712 AN AFAIREA °I
o 1 wro] FEO AEE AFHTRAC] 7HH
Aes B F JdH. AFHEAS KE=O Thz
DETFE ol Ae FEHEQeHY,  UEARN,
o= MIEY 8W, ikt 8M, AW, HAIT 2,

BAT IFoZ TAY0, G5C BRIE BEE
B, BRER BT sion, s o
o3 FA: BEMEE REAE EMTM RET

oz Hojdu. MEEAM, JME MiLT, %
T 2t 8, AT 1MW, BT AW, HilF 2Re
2 ARTO 850 fastedl A RFEMEE B
FERolel stcH. TmEHEE, M= oOE 74
o] MIftF 9W, BikT "W, BAT SW, AKT 1
M, BEAF 3MoRE BislEo] lom [SRED, fMin
o= Q3 Bl Abestta skl
AFHEANS] DPPH radical &7 84S A
Ay} 5% o)&Z o F DPPH radical &7 &Al 9]
7}ekd k. 50%9] DPPH radical &7 4S5 e
v e (G v EFATEAS 63.79 ug/ml
=2 Uedlen 100 ug/ml sEAE 78.37%9 =
& 2AES U= olE 71EY ATelA A
N mEmer, AW AnkmEa St e BER Q1T
BTl AMSE AWRT Ee AAES BT
o} AFATREARC] A AIES] cell viabilitydl] W&
Y2 dolrr] 3ke] MTT assayE 83 A3
GC-1 Aol AmFfrRERS] MESAFL YERA
. GC—1 cello]l ™3l cell viability ZAIfol]
A3}, hydrogen peroxideo] &l =% cytotoxicity
= A3 A3} hydrogen peroxideo] 93] f=%
GC—1& 7g2d=toll w8l 36.65, %= 23t cell
viability7} #4388 21}, hydrogen peroxidec] 2
3 =¥ GC-1 cellell diste] AFATAENS 10 ug/ml
o] EXo A cell viability?} 53.66%9 9% B3I
27t e Ao2 YERT GC-1 celldll A A4
of e thZw+2] ROS AAel frolaAl F7ketle
™ (380.6 vs. 553.15 unit, p <0.01), thzeatol] H]

of{ ot

3 AFATRERS 1, 10, 100 pg/mle] F=oA Zz+
382.86, 461.11, 369.54 unitS YERHo] ROS A4
o] dAES & F It FANLELS EHEe=

= T
&9l Cu/Zn SOD, Mn SOD, catalased A=
=4S 98l Western blotS AAsFATE. Cu/Zn

SODA A A3 thET9] protein Wdo] w3at
Al YERA] gtom e ArgTiERSY] aYE vl
T ¢k GC—1 cellelA] Mn SOD ¥ catalase &
229] protein L AT HlE dlxTol A F9
SHA zHassrlon, AFATEAS 10, 100 ug/mle]
Tl A tizTol W8l Mn SOD ¥ catalase &4
9] protein Tdo] F7IkSIT).

olFe] AFAN AFHIEAS DPPH radical 47
gol o™, GC—1 cellol thgt M=ol HeERER]|
k9kal, hydrogen peroxideol] <J3] F2tE GC-1
cello] 4Fslh =Egze] tiate] {28k cell viability
B3E #aiel ROS AAS HAIsHsie™, Mn SOD %
catalase &4 2] protein L& o] F71FSTl o] =
AEFRIRAS ASIERAERE 34 AAAEE B
3= 71xo] ElE ATt

V. 2&

BFREET, BEARY A8d Z8H1 =
BFAERC] HEESI VA= 7S W7 flstk,
A BT A4 B typee] HYHE (spermatogonia)
o} Al 1HREAE (primary spermatocytes) AFo]dl
&3k GC—1 spg celldl] A= Abspag-S AT
ato] thedt 22 A8S Atk
1. AFHTRERS

TE gEZHO

%2 DPPH radical 4~

A &8s S7AIA
2. GC—1 spg cellol W3t cell viabilitys 43 2
I AFHRERS Hd 100 ug/mle] FECA Al

F=Ado] YeERtA] ek
3. Hydrogen peroxide®l «]
o thate] AEFATRERS
o AEES TT7HIAT
4. Hydrogen peroxidec] &3] Akg}l7} =% GC-1
spg celldlA] AFATREAS ROS XS AN
t}.
5. EFHTRENS hydrogen peroxideo] <3l 4k3}r}

3l FE% cytotoxicity
F2l3tAl GC—1 spg cell
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frojgk Walrt YehR] gkt
olof AFATRENS FANYME F GC-1 spg
cello tisle] sitslaas 7HAH, Abslzgol ol sk

Hdedel A5 582 7 e AR AlRHT

o AT wo} el
(NRF—2014R1A2A1A11050419)"

A9e

2179
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