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Antioxidant Effects of Psoraleae Fructus in GC-1 Cells

Myung Sook Oh, Do Rim Kim, So Yeon Kim, Mun Seog Chang', Seong Kyu Park*

Department of Prescriptionology, College of Oriental Medicine, Kyung Hee University,
1: Department of Medicine, Division of Newborn Medicine, Children's Hospital and Harvard Medical School

The purpose of this study is to examine the antioxidant activity in the germ cells of the extract of Psoraleae
fructus. The extract was studied for dipheny-picryl-hydrazyl (DPPH) radical scavenging activity, GC-1 cell viability by
a modified MTT assay, the effects on H.Os-induced cytotoxicity by MTT assay and lipid perixidation by
malondialdehyde (MDA) formation, respectively. The results showed that the extract scavenged DPPH radical with the
IC50 being 0.427 mg/mL. The extract was dose-dependent in growth of GC-1 cell. H202-induced cytotoxicity (67.7 %)
was blocked by the exiract concentration- dependently. Furthermore, the extract aiso displayed a dose-dependent
reduction of MDA formation on H:O--induced lipid peroxidation. In conclusion, the extract of Psoraleae fructus has

potent antioxidant activity.

Key words : Psoraleae fructus, Psoralea corylifolia L., dipheny-picryl-hydrazyl (DPPH), MTT assay, Hydrogen peroxide
(H20.), cytotoxicity, Lipid peroxidation (LPO), GC-1 cells
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olofl & AT #EHEyE YAES YEC! germ celll
spermatogonia (GC-1)} ofl u}x]= g8l A0 G871 25k,

@& DPPHoll 93} radical 718, GC-1 of] thdh MER,
hydrogen peroxide ofl Q)a] F2tE GC-1 9] Atg} AEf Ao o
gt 815l g 3, hydrogen peroxidedyl 216} lipidperoxide (LPO)
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2. Cell culture
1) MEF 9 Alo}

Adoll A18E MEF+= GC-1 spg (spermatogonia, mouse)
ZX4] America Tissue Cell Collection (ATCC, USA)ollA] F-¢I51
et Dulbecco’s Modified Eagle Medium (DMEM)3l} Fetal
Bovine Serum (FBS) % trypsine-EDTA &2 GIBCO BRLA} (USA)
o4l Flxlel  AERI S,  2,2-Diphenyl-1-picryl-hydrazyl
(DPPH)(Sigma, USA), ascorbic acid (Sigma, USA), ethanol
(Duksan, Korea), tetrazolium salt 3, [4,5-dimethylthiazol-2-y1]
-2,5-diphenyltetrazolium bromide (MTT) (Sigma, USA),
Dimethyl sulfoxide (DMSO) (Sigma, USA), hydrogen peroxide
(Sigma, USA), sodium dodecyl suifate (SDS), 2-thiobarbituric
acid (TBA), malondiadehyde (MDA), n-butanol, pyridine £0}
Sigma (USA)ofiA] FE0] AIZE AT

2) AE uRet

GC-1 spg cell line2 37T, 5% CO. &olA 10% FBS,
penicillin (100 U/mL), streptomycin (100 pg/mL)0] &%
DMEM wiAIZ wiek=)deh GC-1 75 cm2 flask (Falcon,
USA)olA] HE6] S41E = mief 39 T O sz XHE
phosphate buffered saline (PBS, Sigma) SU O T KolE & 50
nt flask & 1 m¢Q) 0.25 % trypsin-EDTAEM S &1 Al 2014 1
B RIS HE] L 37 TollA 527 Hus)
of MiEE It ERANE M= 10 % FBS7}
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#71¢! DMEMbBQF
7 1 : 209 split ratio® CO, ¥iQ}7
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R 10 o] A7) THE WS 1O %/
1 (37 T, 5 % CO)oAl v

3. DPPHoll 9$} radical A
scavenging method)"
DPPHol| 9)%} radical scavenging activity2 ol 7] €16}

agol &

A(DPPH  radical

of E2ZAAR ¥ ABE £F50] =G4l 1, 5, 10, 50, 100, 1000
pg/mLe) EEE A|NE FAGIECE 2 HRFZOE ascorbic

718 L=

a2 =0 ZASKECE 96 well
%%}9] ethanold]] =01 0.1mM
5 B50] 410] & %, 4

microplate  spectrophotometer
51 517nmofjA E&LE 5
SAOZ AT
[(AB-AT)/ AB]x100

acldZ AFESIHI AES
microplate (Corning, USA)oll
DPPHS} 2 559 Ald g Hrish &
2olA 30 B xRt &

{Molecular Devices, USA)E 0]&
3193t Radical scavenging activity:= TH2

DPPH radical scavenging activity (%) =

AB- absorbance of blank sampie,
AT- absorbance of tested extract solution.

4. WBEES GC-10) S} cell viability 8"

#EEZF GC1 9 B4 U)Xl g Yotr| 9151y
Mosmann(1983), Kotnik(1990) E¢| 2 SE5I%CH 96 well

platec] 1x10° cells/mLO] cellZ 100 w& Q1 37C, 5% CO;
incubatorof A 24 A[7FEOF HRSE F iAIE WEI L alAlE

HHE phosphate buffered saline (PBS, Sigma) 840 F Alo]
Foitt 22 &9 uixL} PBSol =01 A& 5, 10, 50, 100, 250,
500 pg/mLE Zt welloll MEIGHIL 24417 S0t vl QBHAC) vie)
o] Eil7] 4A17F Foll PBSol =91 5 mg/mL tetrazolium salt 3,
[4,5-dimethylthiazol- 2-yl] -2,5-diphenyltetrazolium bromide

(MTT) (Sigma, USA)E 20 w Z} welloll HTI8} & LFn|E
UZ XA 2 UHA A7 B50F 28 ZAA] ksl
QNG 2% AASE = DMSOE 100 4 HEI8H 3 37°Col4
241} 23X ¥ microplate reader (Molecular Devices, USA)Z
Ol1E3IH 570nmolA EBTE ZF3INCT Cell Viabilitys r}
5 BT AXEICE

Cell viability (%) = 100 x AT/ AC

AC- absorbance of control,
AT- absorbance of tested extract solution.
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5. #8H52] Hydrogen Peroxide-induced Cytotoxicityol] thgh
AElgs 53
AJE9) hydrogen peroxided] Sj8) 3%
St HEFE ¢olsy] 9181 Mosmann(1983), Kotnik(1990)
9 MTT testE 86l chad 2ol AEsIrt. 9% well plate
off 1x10° cells/mL 9] cell® 100 wA W1 37C, 5% CO,
incubatorol| A} 24 A}ZVEQY gD & X E e L s
H¥HE phosphate buffered saline (PBS, Sigma) MO F 4o
FRICt. PBSo =01 Zl'/_}QI AR 10, 50, 100, 250, 500 ug/mLS}
SHY mediaZ AE] & 20A17HEQ vHABITE Wik g e

%l cytotoxicityo] tj

=
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R AGH & FBS free DMEMo]| =01 200 uM H0,& 23249 well
ol Mzlek & 4417} E¢t nisIATt sigo] Byt & i E H
2|3 PBSZE A& ¢ & PBSol| =Q] 5mg/mlL tetrazolium salt 3,
[4,5-dimethylthiazol- 2-yl}-2, 5-diphenyltetrazolium bromide
(MTT) (Sigma, USA)E 20 & Z welloll XISt & YFUES.
AT A & 47 SO B2 oA dl Bt Bl E
EF AHASH & DMSOE 100w MEIgH & 37 CollA] 2417} WX

=

o
X

k=)

% microplate reader (Molecular Devices, USA)E O]&3}H
570nmoflA &EEE FFSIACE
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6. Hydrogen Peroxideoi ©]$} Lipidperoxide (LPO) 244Jof 23}
st 28Y

AlH9] hydrogen peroxideol] 18t MAFSIAR Q] Aol TH
Bt EHE YotErl 8] thEd 2ol UEBITE 6 well plate
(Corning, USA)of 2x10" cells/mL 9} cell& 5 mL A @1 37,
5% CO; incubatorol 4] 48 AJZIECT BieKSH & WA E W)L vl
S} EE FHZ phosphate buffered saline (PBS, Sigma) 8% Q.
E HolFArt. PBSoll =01 24249} A1F 10, 50, 100, 250, 500
ug/mLe} SO mediag X & 18X]7HSQ vl FBIdC) vl
AHG 25 AAHSH & FBS free DMEMoll =01 200 uM HO&
7219 wellol Azl & 6417 SOt B ABIATE BRI S H|A
ot MEZ PBSE 28] Mg & AFWHE 0838} PBS 500
wWE Ea FolWrh olR}E 1.5mLY] eppendorf tubed] Ho}

OlAlE =

12,000 rpmoll4] 587 AEZ] g ABENME AAT &
potassium phosphate buffer (PPB)E H7I51 cellg ST
Th B8 celle 70 Col4] 587}, 37 TolA] 587 @x) &
vortexinggh= W& 4H YHESHE freezing-thawing®] HH O
2 cellZ lysisA|ZiTh 1 & cellS GAEZ] Bl ASHS H 3}
T A £9] 1 (S 3 Bradford's Method 8 (RIS &

ZEHAC). 15 mL cornical tubeol] 2t HTH AFEE @I 0IM
PPB (pH7.5), 8.1 % sodium dodecyl sulfate, 20 % acetate buffer
(pH3.5), 0.8% 2-thiobarbituric acid (TBAYE HZI5ITT. 95 Toll
A1 TAIRE &0
n-butanol:pyridine (15:1)8] E8AE 715 & vortexing o+ &
3,000 rpmoilA] 20 27} A REIGIT) 532nmofl4] AEH] F

BT E 5™3I9r) malondiadehyde(MDA) 55+ free MDAZ
Tl AL

incubationA]7] & running watero|A] AT}

AR+ EZE QLA (Mean + SE)E VBRI O,
9] ol Student's t-testE ZHA Bl
patol 0.05 m]Eiel EAFORE {3 Alol7 U= AOE

THE BT
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#EPEQ kol utE DPPH radical 4~A

gde

WA GC19) gl wAlE F

- 83 -

(63}:

=1

STAO| SRAL

T} gk S e EEQl gtsl 2291 ascorbic acide] 410
HIBIACE Ascorbic acid®} fiEfEs 27 sk JEHSE

DPPH radical 24 &40o] S7I5193T . #BiE= 500 ug/mLe
BTollA] 535 %2 Ath DPPH radical 24 248 LlEkdom,
100, 500, 1,000 ug/mLe] ELolA] 247} 394, 535, 50.0 %2
DPPH radical £H 24€ UERNRITE

Dose-response curveiZ2E] 4HE%H 50 %2l DPPH radical
oA 888 JUElE 3gHEY ST (IC0)w ascorbic acidi=
0.009 mg/mLo[ROM, FBiEE 0427 mg/mLY) BTl &
AFSH DPPH radical 4~7) 848 LERARICE
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Fig. 1. DPPH radical-scavenging activity of ascorbic acid (AC)
and aqueous extract from Psoralea corylifolia fructus (PC: values
indicate the mean of three replications. DPPH radical scavenging activity(%) =[(AB-AT)/
ABI*100, AB- absorbance of blank sample, AT- absorbance of tested extract solution.

2. GC-1 off thgh cell viability

wEiETE GC-19] MA Y
sl BLAEAQ] AEE +HBIALCE 5,1
50, 100, 250, 500 ug/mLe] Hjo) thskd FH5IHC) HBIES
5 ug/mL ol313 HsEolA HEIBKIE W GC-19] WER
HGE n]R|A] 22Ut HEEE 50, 100, 250 ug/mLe) IAzE
ofl4] HzlslNe ul SLAEHOE GC19 UEEE S7MIA
OV, #BHE 500 ug/mLY BTolMe GC-19 HEE0] dAs)
Al ABEACE. E5] #EE 100 ug/mLe] S5olA] GC-19 44
EEE 133 %=Z2A V) =UTt

<o

A1
=

’

dekk

% deok

Cell Viability (%)

50 100 250 500
PC (ug/mL)

Fig. 2. Effect of aqueous extract from Psoralea corylifolia fructus
(PC) on GC-1 in culture. GC-1 s were plated at a density of 17105 cells per
plate and grown at 37 C for 24 h. Response o aqueous extract from PC was
dose-dependent at 525G ug/mi. Values dicate the mean of thiee rephcations,
expressed as Mean + stsndard eror with respect 0 100 % of control. ™ Significantly
aifferent from control ¢ p<Q05, ™ p<001 and ™ pG0D
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3. Hydrogen peroxide-induced cytotoxicityoll LHE}
GC-10 ti@+ cell viability Z3jo]

peroxide of] Ql3] FEF cytotoxicityE EH T} WEEES &
T+ 10, 50, 100, 250, 500 ug/mLe} Helof thsied &5t

Hydrogen peroxide ol 93l 5% GC-12
67.7 %9] cytotoxicity & LIERHIACE
Hydrogen peroxide ol ©]3}

= 8ol uiskA

T GC-1ol sk mEhE
Aelete 10, 50, 100, 250, 500 ug/mLe)] =T oA 237} 863,
93.3, 118.1, 125.8, 136.9 %2} cell viability7} S7I6kd SEYE
E 07 HyOrinduced cytotoxicityol] thet 8H4tsl Gip7t E715
Ak E3] #EAE 500 ug/mLY ST AZ]FANA] HiO-induced
cytotoxicityoll thotol 7va A8 @ibsl FaE VIERIICE

=x=)

150 1

g

Cell viability
(Survival % of control)

(&
Q

1

50 100
PC {ug/ml)
Fig. 3. The protection effect by aqueous extract from Psoralea
corylifolia fructus (PC) on H-Oe-induced cytotoxicity. Dose-dependent
effect of PC on 200 uM HO:-induced cytotoxicity The effect of 10, 50, 100, 250, 500
ug/mL PC on H.O.-induced cytotoxicity in control cefls, GC-1 sog cells were incubated
with H0: in the presence or absence of PC at 37 C for 20 b. Cefls were exposed to
H:0. for 4 h Each column or point represents the mean valle £ SE (n=12) #
Significantly different from the normal value (# p<0.05) and * Significantly different from
the cells exposed to H:0: alone ™ p(001 and ™ p(OLOD. Using Student's Hest.

Normal H,0, 10 250 500

4. Hydrogen Peroxidec] 9|¢} Lipidperoxide(LPO) ghet tH

2 g9 43 GC1 of tigl Falwel IntaAy ekt
& 641 MDA (nmol/ mg protein) @1t} HIB|, hydrogen peroxide
ofl 23 FT¥ AR 10.60 MDA (nmol/mg protein) 22 &
Y UA 37}6P9112F(p<0.002) B ATl 50, 100, 250
ug/mLe] E5ollA] 217} 7.48, 7.08, 5.75 MDA (nmol/mg protein)

5
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Fig. 4. The protection effect by aqueous extract from Psoralea
co hfoha fructus (PC on H2O»-induced hptd peroxndatlon { X
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ol £4€ 71 2H 9 Xl 42
A] antioxidant scavengers/} ZEE ] = ACE HUFR
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ot NEE EEOhL JUTh ME W Gl
potential < oxidative stress £HE| MIE EQ6}~E
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sertoli M| E AN EEE A5} AEH Ao 1S Ble S
olr, AZtsk AP BUMA & & 4 Arks Hurh Ao
J8IE O Holl Aot ROS 4443} olofl eh@dhs A2 W &
ARARZA B4 54 2 glutathione (GSH)W 2
redox potential 0] A ZAPEHE WAGH=H EQ35ILH=
Tk PP, ESFANM LBl B EHE AE Retol
AMEBE G AA, HE 23 T MR APdol o} 277HK] Tlekel
ul2g STt H29 HiuEd 931 oxidative stressZ O}
718h= oxidantE0] ME Ul A5HE AA (signal transduction)
£ S0 FAA Wdlol FEke niRM A Ee o2l Aele £
HORREH HES 98 T U v axg
H;O; & cytochrome C-QIEA Q1 Bl1l lysosomeS W7HE 5}
© B8, J2]4l poly (ADP-ribose) polymerase-p53 pathway £
ol Jurkat T lymphocytes, HL60 cells, human airway
epithelial cells Eoll4] apoptosis & SISt B I Ak,
g HARRZEQIAR] AP o] MEUWO redox balance
oxidative stress off H1ZSHA YHadh= miA G&& glo
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WO O QAME GC19 gRislol nlRl= &

IR HME WS CREERAERS) o SHBAS BE
e Aot AEES oSt (BHEA) o ek
BiEE, REEES AT, mAk, B RAT ST
B3t (BEEMm) O HEHREAS BERRE FSTH. A
EE S wigs (MEFHA) 9 BHELS BRERCE
QIS NMEMES) WEN 285 BEY, R ST WEd
(PaEgn) o WHMHE BRE thanit)?. wik B
= ANk, AL, NEIE, AR BtE, B ARy, 880
%Q Ot%jq. *Eﬂ-m] ﬁMﬂo.] 1/1»/&—1*:'017: Dl /\—!7] 7H/‘ng] §jl].
7t ABE K5 & Uk
7 S malk 2220| BMISET U NOWAHAH g
7} cke Ag 1% 91, Tangt Haraguchiz= #8HE &80
A IstEE ol thel B oL, wiEigel GC-1of that g4t
3} A ofrl BaEo} A} vk DPPHE L XA 7w ¢F
A3} free radical A1 517 nmollA] EAAC] AE4HE UERH
= Bl glgtgo|t). o] radical %i% 59 F718molA
o orEElH, B8] o] 7HAl EiE 71E &
scavenger of 25} BHEE]7] ulEol '@; ges=te!
74 AR 4 9= Ao olr/].zg 18IE O
DPPH radical & &4 ]’Q]—X‘”E—‘—E'l A 22
4 orEd Henol 2! DPPH- HE 7&@6}5
A ot wEEY = A&
915k 1, 5, 10, 50, 100, 1000 ug/mL./] iE H o]
o} A8 Zi} @8 £EE DPPH radicalol] thdlo
Ex0] A7 EE VERMIRICH
WEEE7 GC-1 9 88 W Sl v|xle ge 5851
F8kd MTT assayE s¥sIUCH 2 A1 MBEESE 5 ug/mL
10 ug/mL 9] ALl AR Wl GC-1 9 MES
1085 % X 119.7% Z S9d YA ¥l 2™ (p=0.001,
0001), LEFoll £3H= 50, 100, 250 ug/mLoA XE]|5l%
b7} 1229, 133.2, 131.2% B4 SR YEHOE GC-19) 4
E3] @3 100 ug/mLY =TolAl GC-1
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22 133 %EM 7HaE =Tt g ghEHEE 500 ug/mL
9] skolMe GC-19 MEgo] 812 %Z AT AU
C} 01} 7o) GC-100 thgl QHAEh cell viability Aol A8}
ol HBE7 GC19 sl &g B8 ¢ UeTiE BEEt
7] {13k hydrogen peroxideof Q] |-% cytotoxicityE &
A 5193} Hydrogen peroxided] Qiah S ¥ GC-1L & atTtol
BI3KA 67.7 %9 cytotoxicityE LIERHACE Hydrogen peroxide
ol 98] FEF GC1 of thslo] MHEE Al 10, 50, 100,
250, 500 ug/mLY ETolAd z+Z} 86.3, 93.3, 1181, 1258, 136.9
%EA BmTOEF QR H)Oxrinduced cytotoxicityol] THEF SHet
3l AWt E7EIAC) B3] #8H 500 ug/mLY s AR ool
A} HiOxinduced cytotoxicityol thalod 7Va REY U= &4
3 3UE VIERARIEE. Lipidperoxide (LPO)= Al Zuko) X121
ol B4 BB ddiA &4ke DAEE AHG RS 48]
ZxEo] L ghg4rolni. oSt LPO &
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aF

Z£R9) 4tald 4ol o] op|xle WElEdd AR 88
slof Zoh Azt A gdE 8ISt A8Ee
Ndze BEIAMIE CUFLE Rk hydrogen

peroxideo]l 2glod 4tglrt BolohA dofut A IRISKES]
malondiadehyde (MDA)% ZF A5k GC-19 proteing 22
3kl Algsiary.

2 Aol 3 GC-1o thak] Hare akigkA g gk
6.41 MDA (nmol/mg protein) QItl] H]5l0d, hydrogen peroxide
o] gall 85E tHETES 1060 MDA (nmol/mg protein) O &
FAEUA B7Iskd NG R raigo] SXUHASES &0l
SIFCE (p=0.002). 12t Bl Ml LsT ol 50, 100, 250
ug/mLe] ZLollA] Z+Zk 748, 7.08, 575 MDA (nmol/mg
protein) OZ iAol HIgl] L AEHOR [OHUA &
ABIACE 5ol Aok 50! 250 ug/mLe FkolA 7 2
gt gHlal RJ/]‘E LIERARATE.

2 e

EBPERS §508 2831 U @EE7 GHEU

mﬂ%ﬂﬂomﬂﬂﬁwﬁﬂﬂﬁwqggBWWAHM

M E (spermatogonia)?} Al 1HZ A E (primary spermatocytes)
Atololl &3l GC-1of viAlE EISIAEE vinsi et 2
2 AEs Ut

DPPH radical 227 g0l thiol @& Sk 9
& DPPH radical 4~ 230 E7151 2tj 53.5%9) 2
FHE B9, 50%2] DPPH radical 227 &d & LIEL
FigQ] 1C50 2t 0427 mg/mLE UERY HIwA
LIERHACY GC-10] thet J& 2 S4lol nixle g
7] $1814 cell viabilityE &80 d3 ®#8iEs 552
GC19 HESE FIIZ12mW, 53] #ERE 100 ug/mL
oAl GC-19] MESEZ 133%EA] 7H) EQtr) GC-1o

o gJsl |5 cytotoxicityE EH¢
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