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ABSTRACT

Objectives : The purpose of this study was to estimate the antioxidant activity of water extract of Nelumbinis

stamen (WNS) in GC—2 spd (ts) cells.
Methods :

we investigated the effect of WNS in mouse GC—2 spd (ts) cells by MTT assay. The protective

effects of WNS against hydrogen peroxide—induced oxidative stress in GC—2 spd (ts) cells were examined by

measuring cell viability, Lipid peroxidation levels and catalase were measured,

Results :

WNS showed cell viability as 101.9, 108.9, 111.8, 125.8, 134.5% in 2.5, 5, 10, 25, 50 x g/ml

concentrations, respectively, The protective effect of WNS concentration was 2.5 x g/ml against hydrogen

peroxide—induced oxidative stress in GC—2 spd (ts) cells, LPO were decreased significantly at 2.5, 5, 25 x g/ml

of WNS concentrations, Catalase activity was significantly increased at 2.5, 5 and 10 x g/ml of WNS

concentrations, respectively,

Conclusions : In conclusion, WNS has antioxidant activities in GC—2 spd(ts) cells against oxidative stress.
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1. A= & 717

1) 2y

2 AP AMEE #5E (Nelumbinis stamen)= 34
oz Aepdr T &4 (S Fot TS,
Ao n AYAFE wdoA JEFHE Blw FAS}]
EAgE & ARSI, di= AEdigta gojaesr A
e wAe Bustgt,

2) M=z

AFo] AMEE ANEZFE GC—2 spd(ts) (spermatocyte,
mouse)Z4] America Type Culture Collection (ATCC,
USA)ollA FU3FETE. GC-2 spd (ts) AZFE mouseZH
g fHEen, A3 HAgY JRAE (spermatocyte)
o &3ttt

3) Al 2 77|

2 AL Y34 fetal bovine serum (FBS; GIBCO
BRL, USA), Dulbecco's Modified Eagle Medium (DMEM;
GIBCO BRL, USA), trypsin—EDTA (GIBCO BRL, USA),
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),
2—thiobarbituric acid (TBA; Sigma, USA),
malondialdehyde (MDA; Sigma, USA), n—butanol (Sigma,
USA), pyridine (Sigma, USA) 5°| AREEtE & Ad
ALl 7)7]%= rotary evaporator (Eyela, Japan), freeze
dryer (Cooling & Heating Systems, Korea), deep freezer
(Revco, USA), microplate spectrophotometer (Molecular
Devices, USA), CO, incubator (Sanyo, Japan) o]t}

2, A¥ Wy
1) AR M=
4 25 g& A THE S
A} 54 500 miek A Y& § 90 & 7+ Yk, 10
0C &%, = goo] B AHOoZHE 90 & Z9F 7lds}
3]

F23 o2, filter paperZ T AU ATHL
rotary vacuum evaporatorS ©]g&3le] =01 At

[e)
o] $HAS FAAZI|E olgdte] AxY B AR A
goigrt. §AAZ 22BL 34 g8 dYoH, 8L

13.6% ©]3it},

2) MIX HHQf
GC—2 spd(ts) cell lineZ 37C, 5% COy ZZA0NA 10%
FBS, penicillin (100 g g/ml), streptomycin (100 u

g/ml)°] H7Fe DMEM ®jz|2 wj=|gict, GC-2 spd(ts)
cell line2 75 cm® flask (Falcon, USA)OJA 23| =42
H 3 uiF 3¢ 7HFo=2 ui¥ANlZ ®HE phosphate
buffered saline (PBS) &o=® 23] Aol& & 50 ml
flask & 3 ml¥] 0.25% trypsin—EDTA £ P11 Al29
A1 B AYE o trypsingHE #EaL 37TAA 52
Byste AzgE gFsto] Ad wigsiaot, 22hE A=
10% FBS7} H7be DMEM Bk 10 mio] 871 o}
NZ2E vjokg7] (50 ml culture flask)ol]l &4 1 : 209
split ratio2 CO, 87| (837°C, 5% COy)ollA viFs}FH T,

do rlr &L

3) Cell viability &%

422 E0] GC-2 spd(ts) celld] F4]o u|X& s
dolrz] 9ate] Mosmann” 59 #e $88tAct. 96
well plated] 1x10° cells/ml9] cell& 100 x 1% ¥i 3
7C, 5% COs incubatorolA] 24 AJ7Fs<h vjofst & v &
HEal WA Z FHES PBS §HOE Ho|Fth, T2
o] ujz|e} PBSO] =9l AJ& 1, 2.5, 5, 10, 25, 50 x g/ml
< ZF welld] AEstaL 24 A7F 53t wiFstt, vike] £
U] 4 A7t Ao PBSe ¢l 5 mg/ml MTTE 20 p 1%
Zt wello|] A3t & 4FnjE TUE FAZ T YA A
7t B¢t 22 A4 wigsiEth WigdE 2R AAS &
DMSOE 100 ¢ 1 HF F 37ColA 2 A HA F
microplate readerE ©]-&3tod 570 nmolA FTIE=E =3
Stlct, Cell viability= thg 34102 AAME I

Cell viability(%) = 100 X At/Ac
Ac: absorbance of control,
Ar; absorbance of tested extract solution

4) Hydrogen peroxide—induced cytotoxicity X

A4-FEEE9  hydrogen peroxided] 93 S=%H
cytotoxicityo] T3t REEINE Qoprrs] 98] Mosmann®
59 MTT testE 583t thadt Zo] AFsHKTh 96
well plateo] 1x10° cells/ml2] cellS 100 4 1® Y1 3
7°C, 5% COy incubatorollA 24 A|7He¢h vjoFet & wjx| S
Hz|Z HjgAEZ EHS PBS 9oz HojFQith PBSo|
=9l Z+Z+e] A& 2.5, 5, 10, 25, 50 x g/mle}t FBS free
DMEMe®l| =91 25 x4 M Hx0; & Z+Z9] welld] A= &
2417 Bt wikstETh kel ¢ = wiAE HEx
PBSZ AAHF ¥ PBSO| ¢l 5 mg/ml MTT 20 x 19}
FBS free DMEM 200 x 1& Z+ wello] AEst & dFu|E
STUR 2P F 4 ARE Bt A2 2| A kst
FAHE BF AAT & DMSOE 200 1 A3 & 37T
Al 2 A|ZF WA & microplate spectrophotometers ©]-&
3t 570 nmejA FFE=E SH3IAH.

5) Hydrogen peroxideOfl 2[gt LPO M0l 0O|Xl=
E
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$3259] hydrogen peroxideol 2|3t #HAksix|z o] Ay
Aol g B34S gopry] s o7 5o UL S8t
Agstct, 100 mm tissue culture dish (BD Falcon,
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USA)el 3x10° cells/ml9] cellE 8 ml & Y1 37C, 5%
CO: incubatorol A 24 AIZHg<t wikst & HjX|E wExL
HiFAZ #HES 1X PBS €Yo = Kot 1X PBSY
=9l Z+Zko] A& 2.5, 5, 10, 25 x4 g/mlit FBS free
DMEM®| 531 25 1 M HoOx2 ZHz}He] wello] Azlstal 24
AIZE Bt wiFstaTh. wigdS AAS AZE 1X PBSE 2
3 £AIRE & ATWAHE 0]83Fte] lysis buffer 300 x 1=
23 Foj¥th I 3 cellE GHEY 3t ASHE Htz
Ayzol 20| 1 415 3| Bradford's method "2 whe
AeFstgct. 15 ml cornical tubed] ZF HEd AEE 91
0.1 M PPB (pH 7.5), 8.1% SDS, 20% acetate buffer
(pH 3.5), 0.8% TBAE AH2|st¢ict. 95TelAl 1 A7 5<t
incubation A]Zl ¥ running waterolA]  AFch
n—butanol:pyridine (15:1)¢] &E¥HE 713t & vortexing
gk & 3,000 x gollA 20 £7F 9A4EE 3ttt 532 nmel
A AZHY FFEE S5 MDA 5%+ free MDA
2 3L St ALkttt

6) SOD &8z =1

GC—-2 spd(ts) cello]l hydrogen peroxideZ A&t & A

£ A2} superoxide dismutase (SOD) EAxof u|X]
£ 9L Crapo'’ 59 Wyl weh 2439 100 mm
tissue culture dish (BD Falcon, USA)o| 10% FBS,
penicillin (100 U/ml), streptomycin (100 z g/ml)e] A7}
= DMEM Hjz]o] #ehel 3x10° cells/ml9] cellE 8 ml 4
gt 37C, 5% CO: incubatorolA 24 A|ZHeh HjFsH
T HiXE g WFNEZ EHE 1X PBS 4o Hojx
k. 1X PBSo| %<l ZHzte] A& 2.5, 5, 10, 25 # g/ml
3} FBS free DMEMO]| 521 25 ¢ M Ho022 ZH2te] wellof|
A ek 24 AIZF 2 Akttt g AE AAT A2E
1X PBSZ 2 3] $AI3t & lysis bufferE A7}l 239
HE o]&st] FolWrh ©lAL 1.5 ml¥ eppendorf tube
o €ol 12,000 x goA 10 E7F YR st ASAS
el AFzol 29| 1 412 3| Bradford's method'”2
zle Atk 50 ml cornical tubeo] 0.1 M
Na,HPO,, 0.1 M NaH:POs, 32k ZF<=¢l EDTA 0.1 M
=2 AHUlsk pH 7.89] 50 mM phosphate buffer (PB)
E 9HE % 0.1 N NaOH¢| 5 z M xanthineg &ojFal, 1
ml PBoj| cytochrome CE #7}3}o] solution AS AR5
o}, E3$F 0.1 mM EDTA”} #H7Fe 50 mM phosphate
buffere] 0.2 x /ml xanthine oxidaseZ ¥¢] solution B
£ Az34oh solution A 870 p 19} HEE W& sample
20 u 19} solution B 20 x 1& 42 & 550 nmoA 3 &
oY F¥= ¥WIE ESAsHT. AEFY SOD 4L
0.05—12.5 units/mg SOD proteing ARt TH=E F
Ag o]gsle AHEstRtt SOD AE 1 unit2 Y3
S XAstolA 3 & B¢t EAst] chromogen®] A4
50% ZAA7]= SODYe2 AT

%
M

flo r=

7) Catalase 8= =X
GC—2 spd(ts) cello]l hydrogen peroxideE *]2]3t & A]
22 A catalase BAEE Aebi 57 Hhdol| whel

243}tk 100 mm tissue culture dish (BD Falcon,
USA)o] 10% FBS, penicillin (100 U/ml), streptomycin
(100 x g/mheo] 7k DMEM ®jxlo] @eghgl 3x10°
cells/ml® cell& 8 ml A Yt 37C, 5% CO2
incubatoroll Al 24 AlZFst WiGFet & viAE =L vjAl
E FHEL IX PBS £9o2 Kot 1X PBSY| =2l
Z+z¥e] A& 2.5, 5, 10, 25 u g/mld} FBS free DMEMO]
=52 25 4 M HoOp 229 welloll FAIA S 24 A7t
Bt wiekstart, wigHS AAT MEE 1X PBSE 2 F
AR & lysis bufferg F7istal AIFPHE o] &dte] &=
oj@itt, o7& 1.5 ml2 eppendorf tubedl Hol 12,000
x golA 10 £7F dAEd st ASHL  FHtar 4S5
%9 1 4 15 #8] Bradford's method”2 THizS Hks}
@tk 50 ml cornical tubeo 0.1 M NasHPOs, 0.1 M
NaH.PO,, 32} £5%45 o] 0.01 M phosphate buffer
(pH 7.0) A2 ¥ H:0,5 7t ¥ 0.015 M H:0z in
0.01 M phosphate bufferg A|Z3}¥ct 0,015 M HsO027}
7} 0.01 M phosphate buffer (pH 7.0) 950 x 19} 50
© 18] sampled 42 ¥ 240 nmolA 1 & B¢ FF=
H3lE SAstqih

3. A=

APAAL HFZ] + FZ223F (Mean + S.E)E e
Qon, dizxgmt AFFIe HF9 Aol Student's
t—test® A3t p € 0.05 & W& FAZSE |3t 2
o7} Y= ALE s

s

1. A43&80] GC-2 spd(ts) cell?] cell
viabilityo]l v]x]= F3F
Ap2Eo] GC-2 spd(ts) cello] A @ Z2)o] n|x]
FFE A3 Y5t MTT assayd sdstch A
228 95, 5, 10, 25, 50 x g/ml XA GC—-2 spd(ts)
cell?] Y=L 101.9, 108.9, 111.8, 125.8, 134.5%% =
T oEHoz {foEHA FUNIYeH, dAeFEE 50 4
g/mle) EZolA GC—2 spd(ts) celld] BELL 134.5%%
A 7P =R p € 0.05, **: p € 0.01 and
0.001, Fig. 1).
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Fig. 1. Effect of water extract of Nelumbinis stamen (WNS) on
GC—2 spd(ts)cells. GC—2 spdl(ts) cells were treated with WNS at
37°C for 24 h. Each column or point represents the mean =+
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1

SE. (n =6). * Significantly different from the control value (*:
{005, **: p ( 0.01 and **: p { 0.001)

©

2. A4FEE 9 hydrogen peroxideo] Wid &
Absla v}

Hydrogen peroxide®] 23l &=% GC—2 spd(ts) cell&
Ao Hlste] 41.85%F {2814 cell viability7} ZAa}
gt (p < 0.001). Hydrogen peroxide ©f 23 G=4
GC—-2 spd(ts) cello] tfsty] A-FE2E AL 2.5 u
g/mle] FEo|X 53.4%%Z hydrogen peroxideZ =%
cytotoxicityo]l diste] 9@t B3I a3=E YeRickp |
0.05, Fig. 2).
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Fig. 2. Protective effect of water extract of Nelumbinis stamen
(WNS) on hydrogen peroxide—induced cytotoxicity,. GC—2 spdi(ts)
cells treated with WNS were incubated in the presence or
absence of 25 4 M H202 at 37°C for 24 h. Each column or
point represents the mean + SE. (n = 6). # Significantly different
from the control (###: p ¢ 0.001) and * Significantly different from
the cell exposed to H0z alone (*: p € 0.05 and **: p ¢ 0.01).

3. 9A4FEE9 hydrogen peroxideo] <]t

LPO A7l n|X& 9

GC—-2 spd(ts) celloll thste] A2l MDA ke 1.37
nmol/mg of protein 28] H|3}4], hydrogen peroxideo]
O3] A} f=% fiRFEE 2.00 nmol/mg proteinl 2
TSR o] o5t A FTFe S ElstHt (p < 0.05).

Hydrogen peroxide®} d32E FAIAIES 2.5, 5,
25 u g/mle] H=o|A MDAZF Z}ZF 1.14, 1.11, 0.83
nmoles/mg protein® 2 TR H|3t] LPO AAJo] 89
3HA| Zrastgckp < 0.05, Fig. 3).
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Fig. 3. Effect of water extract of Nelumbinis stamen (WNS) on
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hydrogen peroxide—induced lipid peroxidation. GC—2 spdits) cells
treated with WNS were incubated in the presence or absence of
25 1 M hydrogen peroxide at 37°C for 24 h. Total cell lysate
from cultured cells were analyzed for MDA formation. Each
column or point represents the mean = SE. (n = 3). #
Significantly different from the control (#: p ¢ 0.05) and *
significantly different from the cells exposed to hydrogen peroxide
alone (*: p ¢ 0.05).

4, A5F£E9] SOD FA LY nx= Fg

GC—2 spd(ts) celld] t3te Aol SOD activitye
10.90 units/mg protein?lH] B8} hydrogen peroxided]|
o) AE7F f=E g2 8,92 units/mg protein &2
SOD activity7} 743}t Hydrogen peroxideo] 2J&f At
37F 9 Mot dA-FEE AT 2.5, 5, 10, 25 4
g/mle] H=Hg o)A SOD activity7} 22 9.36, 10.24,
10,24, 8,92 units/mg protein® & thZFoj| v]Ste] SOD
activity7} 3718k AFolloy fo4dL ¢lickFig. 4).
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Fig. 4. Effect of water extract of Nelumbinis stamen (WNS) on
hydrogen peroxide—induced SOD activity. GC—2 spd(ts) cells
treated with WNS were incubated in the presence or absence of
25 u M hydrogen peroxide at 37°C for 24 h. Total cell lysate
from cultured cells were analyzed for SOD activity. Each column
or point represents the mean = SE. (n = 3).

5. A4FE£E9] catalase LY n|XE= G

GC—2 spd(ts) celld]l tidte] AAFT9] catalase activity
= 99.40 units/mg protein®ld¥] H|3}9]  hydrogen
peroxideo] 93] Al G2 hRFEL 74.40 units/mg
protein © & catalase activityZ7} &3HA4 TAstESS &
A3t (p € 0.05). Hydrogen peroxide®| <J3 A&7} &
=H AYES deFEE AYE 2.5, 5, 10 ¢ g/mlé &=
A Zo|A catalase activityZ7F Z+2Z- 92,85, 92.85, 92.85
units/mg protein® &  FtA FFsIETHp < 0.05,

Fig, 5).
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Fig. 5. Effect of water extract of Nelumbinis stamen (WNS) on
hydrogen peroxide—induced catalase activity. GC—2 spdilts) cells
treated with WNS were incubated in the presence or absence of
25 u M hydrogen peroxide at 37°C for 24 h. Each column or
point represents the mean + SE. (n = 4). # Significantly different
from the control (#: p ¢ 0.05) and * significantly different from the
cells exposed to hydrogen peroxide alone (*: p ¢ 0.05).

S g e

GABANEY] AL stem celldl FYNZZEE A
< AFSt AMEREE, F-EE 59 AZzEET F3HA
FHEH, 71548 B3 4SS AA weA)Rl ARE B3kt
o} ARAANEZEE AAY (seminiferous tubule)?] 7|A2te 2
FE AAEY] WS ot FAEY EEEE «AdE A
g Hol Utk & HZANE (spermatogonia: 2n)E= 7]Adk
of Eoflx, AT WAL et g HEAE
(primary spermatocyte: 2n), ©]|X} HREA|E (secondary
spermatocyte: n), FAAE (spermatid: n) £o=2 WA
Hoh AxAzE FAGAE AX T ARG st o
b ArAxs gdiity, dat ARAEs oA AR
oste] thufA| (haploid)?l T 7}9] o]ak HEA|ZZ ®3}s}
T, o)A ARAZE F o) AAER BRI o] A
o ARE  AMEZFE  GC-2 spd(ts) (secondary
spermatocyte) 24 A WAYIFL ol HEA|Eo|| &3}
o, mouseZHE {FHHUT. olF HAAMEZE= FHF e
2 Hgkel AR E3lg (spermiogenesis)S AXA
A} (spermatozoa)7t Hth, AAAZ] Aol = theket KA
AE0] EFHoRE Fosie o] FHAES YWAEHANUE =
2O wet T2 R Az o) FHEg £370 Uwd
Hi zddEd, JirE PN Y B 0y 2 2
A 717 st fAREY 22 29 AEYS 29
s B,

ST oPsio] =8 ME AE Nelumbo nucifera
GAERTNERZ ot dtoplz SgEa Qo dZ9 2
oF dufj= ETA, TA Y =4 wijol=s L, £ES
Sreba o) TS MRS, Eodme] EuT AR
fiel Zhgol oen, T2 iHOMIESY Bedt A BN
S AT, #EEE HOSE, W, 1kme aso] 9l
ot TR, ET-0T ERe TeEOE i S48 AR
ggEgon, O FME e HiS MkEA dxgd
ElFls ol SsHERELY A FEEA Mk EiEe
b0 2 FgE o] gy,

BERTES] R -8R AWeRE= TBEETH] ofA
HER ET, FEE, ST uiRE SRt BT
RRAER QA 7 34 7SI Aoz 7|25 o),

FRECRE, oAe iEgEe HESHRHAZ Mgt st o
of HEFAT Jso| HIRSAT, ko] wi¢- Hou #E9
Jeet Aulep TREL slokola} stAtH?, S T
B oA ERS HETRY o] Yttt 7185 A
MEY LFE AFsh, HTAS MBS ks gt
ko) 2oz} ok FetAnt?, Mgl Fo) AFE 712
g TREDEE, olMe HERVF RREEOIA ATSHAIT BBR
7b JusEle] AetA sk Aol|Al ARgstE 1 (5p)0]
et He Aste] HE & 9SS AHaH?. ol

St K1Y B0l dolste KaEES &Sk, EERel 2+
£ Bo= 29 .
ool B waEt RVl #kE S8 3 ol #
grato], Ighof] EAet= AAAEZES] SRl GC-2 spd(ts)
cellol] v|X|&= H#Ege] 4te}t 2H8-& ZHstalzt kgt

#EEE7F GC-2 spd(ts) cell®] A% 2 FAl njX&= FgF
2 MIT assay® SAstAtH e 2.5, 5, 10, 25, 50
ug/mle) RE E=Tox & JE2AHOZ GC-2 spdts) cell
o FEEL oo FTHNFHLH | 134.5%9] HEES
Uetfio] NEEAo] 53 st Asty &4e=n
B GC—-2 spd(ts) celld] tjX|& ESRe] s a3s 33}
71 ¢3}o] hydrogen peroxide®] &J& §=% cytotoxicity
£ 4% 23 @5 A 2.5 ¢ g/mle FEAA f9
SHA ASHY &S BEskgoh 2y iR A 2 A
oA vl sk sigst= 10, 25, 50 x g/mle
Z=To|A cytotoxicityZ} ZVIEIQleRR, ¥FF 25 4 g/ml
F& olste] AL I AT|Ttol theh FAEF Aol Hek
=ojof & Ao},

LPOE= AMxEute] 22gdEo] 54 EFSo Ysia &4
W =l A FAGEY] AEgo] EXEY Yehte §RgAE
EolH, A & FoA A xF &40 AR gy
ol-gxo] A At Ak Q8| ofr|Es WeEEAdY
L2k Z§¥o] o, Hydrogen peroxide®} #Zge| FAIA]
g2 27 Hgt LPO Aol o4 A #F4AsHS
o},

W AT A¥E EE skoA dixed Hsty
SOD activity”t $7Fte Adoldovt 942 gider
2, gl AL 71de] SODe= - ddo] S
& = Ut

Catalase= ABAWY thAA oA BH4E F55 S494F
AZRRE AARALE BE5, 519 catalase EA= 1
¢ 5009 B S0l £ 2 dAEeAE Bt
GC—2 spd(ts) celld] thsle] 5E A 2|2 catalase?] od
FE YA F7HFH

2 A9 AAEA HEE FEEL A ALY ol
AR EZo] &3H= GC-2 spd(ts) cellolA]  hydrogen
peroxide®| &3] FZ=HE AEHA &4 diste RIS FI}
fom, R FASE 71-E LPO A4} catalase BHE
7k} "t TRl Slgol YSs=HU

O|2A JELER, HpEMme aFoR RSN, R
7ol FgEo] & W7 GC—2 spd(ts) cello] digh A
ad 9 NERsaizt Qo] ERIENY SA4EYY A
7 §&F = e dEYUl A=A

¥ AR |
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