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Abstract

Spica prunellae has been used as a traditional medicine in Asian countries. In the present study, anti-obese and anti-
oxidant activity of Prunellae spica ethanol extract (PSE) was investigated in 3T3-L1 and HepG2 cells. The 50 and
100 pg/mL of PSE treatment for 4 days (Day -2 to Day 2) dose dependently suppressed 3T3-L1 adipogenesis. We
further examined the protective activity of PSE against ethanol-induced cell death. While 800 mM ethanol treatment
for 24 h induced significant cell death, the PSE treatment significantly protected ethanol-induced cell death. In addi-
tion, the anti-oxidative activities of PSE to reduce the oxidative stress induced by AAPH or Cu2+ ions, which are
important ROS to release peroxyl and hydroxyl radicals, were observed. These results provide scientific evidence
for the development of functional foods using PSE which has anti-obese and antioxidant activities.

Key words: Spica prunellae, Oxidative Stress, Anti-obesity, Anti-oxidant

M =

] ] ol sl S2AE JEE onst
34\ A} AWM Z7] (hypertrophy)$} S22}
< 7Hhy perplaSIaVP A5 ] AHA Ao d
Now HZ oy AFAEol oJal HRke] o2 93
G A =7F B s ) th(Chung et al., 2012). 53],
WA E 9] =217 F7F8k= hyperplasias= 2 A WA 27}
P 22 E38}¥= adipogenesis 3 WHE FHo]
Eo]& A AR A(transcriptional
Eaf Y

2

£ 2 o

N

|
A
6™, adipogenesis=
factor)e] Lol o AAA 2z HAG FH S
B d#A JTHKim, 2009). Adipogenesis 2HY 2
Ao 243 ARG olg dTREe ol
Hygded 2 o Z1e] CCAAT/enhancer
binding protein family(C/EBPs)$} peroxisome proliferator-
activated receptor Y(PPARy)7} Ut} Lubd o g C/EBPPE

ok

BN

*Corresponding author: Yong-II Hwang, Department of Food Science
and Biotechnology, Kyungnam University, 7 Kyungnamdaehak-ro,
Masanhappo-gu, Changwon-si, Gyeongsangnam-do 631-701, Republic
of Korea

Tel: +82-55-249-2685; Fax: +82-505-999-2171

E-mail: yihwang@kyungnam.ac.kr

Received June 19, 2014; revised October 21, 2014; accepted October
21,2014

413

adipogenesis ¥ Z 7] W& = o] PPARy?} C/EBPa2]
WS 5 =80 24 adipogenesis IS FXsl= Aoz
a1 A Utk Aof H AoV E 58] AAME A7) 3
F7F A SobstaL A7 REC] FA4HE = AIZIEA HA
WA E7F A EA £ 2 2315 & adipogenesis 1 ] 2 &
H| kel i) Bl Aajof glof Fa gk ebllolt & < St

Aol A o 2] Aake 918t 4bslag Sl *o]"%'%k-q
AJ 42 (reactive oxygen specise, ROS)E-°] A€t} o]
S A EC] HA% Y o= MEL ASAY, M
o] A%, 2e]aL Estell ARk FFe] &gk A
AEAY Q19 gits) who] AAS] #& o] WA FHF
o] A4 E Asly 2B AE {28 4 . H0,
OH - (hydroxyl ROO -
(peroxyl radicals), ZL2] 3L 'O, (singlet oxygen) 52| <Jgt
2bshA ZEYAE AE FAAAES XA, dad] ik
Z, DNA 58 &4 A1A 7 dghe] f<lo] & =+ At
(Coyle et al., 1983; Song et al., 2002; Ricci et al., 2003).
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o} 2 oA StaLE(Spica prunellae)y= EE3 ) &3 th
WA EZA] EE9 X475 dd et stz 34
27], 9%, Fatsl @ gEdAde] &4 Tl g B
7F o™, %= ursolic acid, saponin, caffeic acid,
carotenoid, rutin, vitamin, 2% 3 tannin ¢ A& A &
Hol EAste Aoz B E A THDorosh et al., 1954;
Sandra, 1963a; Sandra, 1963b).
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7} methanole ()44 (Pyeongtaek, Korea)ol|l Al - 314
© ™ Dulbecco's modified Eagle's medium(DMEM), fetal
bovine serum(FBS), Hank's balanced salt solution(HBSS),
streptomycin, penicillin Gibco BRL.(Carlsbad, CA, USA)°l
2l 93+ t}. Phosphate-buffer saline(PBS)< WELGENE
Inc.(Daegu, Korea)ollAl T+ 3t} Calf serum(CS)> GE
Healthcare Bio-Sciences Co.(Piscataway, NJ, USA)A ¢

3F92m™, Oil Red O(ORO), 3-isobutyl-1-methylxanthine
(IBMX), dexamethasone(Dex), insulin,  dichlorodihydro
fluorescein  diacetate(DCFH-DA), cupric sulfate= Sigma-

Aldrich Co.(St. Louis, MO, USA)IA F4ake] AL8-3F%
T} Acetone, 28] sodium hydroxide> Junsei Chemical
(Tokyo, Japam)AFZHFE FYU3FA L™ 2,2-Azobis(2-
amidinopropane)  dihydrochloride(AAPH)-> Wako Pure
Chemical (Osaka, Japan)Z 58 T3l A3t H4
71 Queensmate DCM-5500(Seoul, Enzyme-
linked immunosorbent assay(ELISA) reader %! fluorescence
reader= Tecan (Salzburg, Austria)®] 71715 A3t}
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3T3-L1 MIZ=Z2| HiQF 3 X|HIM|zZ=3}

B Ago) ARg-E np-2 {2 3T3-L1 Al Z+E American
Type Culture Collection(ATCC; Rockville, MD, USA)el A
Eofutol A3t} 3T3-L1 AAWAELE 10% CS<}
100 unit/mL2] penicillin-streptomycin®] ¥ DMEM i
A& o]&3le] 37°C, 5% CO, 7oA wiF= ATt 3T3-
Ll AAGAZE AFAEZ 23HA717] 98], AR
M3E7} confluent FE7F € 2 Y & 3= HiAZ wA
st o, 23/ %= H)A|(Differentiation medium; DM)Z
WA g S Day 02 £713kT E3HrE WA= 10%
FBS®} 100 uni/mL2]  penicillin-streptomycin®] -
DMEM HiA]e 500 uM IBMX, 1uM Dex, 167nM
insuling E3SIEE FH| st ARGSIATE 3 E WA
£ Day 004 Day 27}4] 48h &<t ARE-3} T} Day 29
A Day 4 7M1= 10% FBS<} 100 unitymL<] penicillin-
streptomycin®] &-F-¥ DMEM®]| 167 nM<] insulin¥t 3
B E3-f = F wR|(Post-differentiation medium; Post-DM)
= A5, o]F Day 4914 Day 67H4 10% FBSS}
100 uniymL®]  penicillin-streptomycin®]  &-+¥ DMEM
(normal medium)S AF&3FA T A WA ZE3}= Day 69
ZE oI THFig. 1).
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Fig. 1. Scheme of PSE treatment and 3T3-L1 differentiation. DM:
Differentiation medium, 10% FBS-DMEM containing 500 uM
isobutylmethylxanthine (IBMX), 1 uM dexamethasone, and 167 nM
insulin; Post-DM: Post differentiation medium, 10% FBS-DMEM
containing 167 nM insulin.
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S(012)¢] WS AN HEste] ARkt E3hE 3T3-
L1 AWAH 2Z(Day 6)= 3.7%(v/v)<] formaldehydeZ 30 min
FoF Ao mAAAHY. A H A EE 3mg/mLo
OROE ©|-&3l 15min &t A2oA A ZoH, 4
ol F/HTE o83l 33 Aol FAk FAE ZEA
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H AWAELE dFZLSZE 3 lipid accumulation(% of
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HepG2 M|Z2| H{QF

B Agof AREE A7 HepG2 Al3E= American Type
Culture Collection(ATCC; Rockville, MD, USA)ol| A & oFit
o} AM&-3FA T} HepG2 Al EE 10% FBS9F 10% antibiotics
7} EH-¥ DMEM iAol v st om 5% CO, 37°Ce]
SHA oA AFUo 2-3 3] 1:3 ratio= AlthHl % skiTh.

Ethanol= R=E! MIZAFZ0] CHE! sHix FE20| BS g1t

HepG2 A5 5x10° cells/well®] & Au] 43I 50
I2]3 100 pg/mLe] 3% FEES 800 mMe| ethanol
7ol 24h Et A F SmgmLe MTT €45 1h
A 2letaith. L § DMEM iR & A A3 2 2]¥ HepG2
AIEZE ImL PBS(pH 7.4HZ Ao FAt}h. F&dof &3
F A %= MTT formazang 400 pL dimethyl sulfoxide
(DMSO)E 7}3te] o] F thd ELISA reader(Tecan,
Salzburg, Austria)E ©]83 570 nmolA FE=E &3

skt

DCFH-DAZ 0|83} 5l 1% FEE9| Mo AEf A o
X 2y

AAPH % Cu'& FEAZ1 Akl 2~Eg 20 gt &
Iz FE2E AlEW kst €4S DCFH-DAE ©]&-3t
o B339tk DCFH-DAS ©]-&3 AlXu 3hatsl 24
A2 Lautraite 5° WHS I WP st AT

(Lautraite et al., 2003). DCFH-DAE A ¥4 Ed) Al¥
2 fd=EE Al EZAol EA3H= esterased] 23] DCFHE
7hr FelE = Al W 249447 EAEHA W A
DCFZ AF3}lE o] excitation % 485 nm, emission I+7
535 nmell A 2] 7gk 3s vEpdt) stz
S HepG2 Ao A st 5 hshd] 2EHESE &
HOAEY kst G4 B wEk xpe] 2 <l DCF
AEE U BER o] & o] &3l stz FEE2] A3

=
~1-
Garsl 4E E4T & Aok HepG2 Al2S

B ot
L ol O

min 5 X8Rt v E A A F 50 uLe] HBSSZE
13 AEE Mol & T DMEM A Z A|AsI2 &3¢
23S A ¢k HBSSE wAlS] FAuh 60 M
AAPH & 10 uMe] CuSO, £4& 7}3lal 30 min &<t
Hj kel & 40 uMe] DCFH-DAS A&l & ¥ 30 min %
QF 7} viFsiitt. & 34-4] 7](Tecan, Salzburg, Austria)S
o] 8-5}] excitation 485 nm, emission 535 nmolA FFe| 7
TE 343t stax FEEC] Alxd st S48 47

24 sk

SAEA

EE telHe B3R UAE sl oH, FAA
+ Statistical Package for Social Science(SPSS, Chicago,
USA)S ©]&3te] BT AlZ 4T p<0.05 FTollA
BHEHEo] g FAES ASeINen 7 FE2 A
=] F4HE2 (one-way ANOVA) 3332, z+ #+7+e] f-2904
2ol est2 A 3FATH p<0.05, “p<0.01, E "'p<0.001).

Zn g nE
Stz FE=2| X[UMZ 25t 9N 24
stz FEE vt &8 Hrshr] flske] 3T3-
L1 AAE EslrdS o]gation, £3-fesgo] &
W % ORO FAH o= H71s3ith. ORO FAIA k2 A
T X2} Agei, A A Ee] Foalo] FaeE
AZU F8AE F40] Bo] o]FojHS onsct &
Ao % FEEO] 3T3-L1 AAWAH XA AEL=
& e A Golrr] g8 MTT 2498 535t Al
X AEES BHENeH, stz FEE 100 pg/mL o]s
oA Al ]

A= 50 2 100 pg/mLe] stz FEE
43} tHdata not shown). 3l1% FEES 3T3-L1 AlX
o Day -2914] Day 27F4] 96 h &<t X 2|31, Day 6°l
ORO 941S AA)514TE Day 691 ORO G241 2FS DMSO
= galstol FFRLG A3k, oFPAE Aok e i
TEPEAIEYE 100%2 3392 o) 50 2 100 pg/mLe] 5
2 FEES 247 2587% B 31.83%2] AAHE £k
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Fig. 2. Effect of PSE treatment on the adipogenesis of 3T3-L1
cells. 3T3-L1 preadipocytes were subjected to adipogenesis in the
presence of 50 and 100 pg/mL of PSE. The levels of lipid
accumulation of 3T3-L1 cells were quantified at 517 nm. “p<0.05
versus adipocytes (control).
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AF-7F Es] o] ROl x| AL St iﬂ] Jj o] ethyl acetate 3
E°] PPARy ¥ C/EBPa2] & 71 =3 adipogenesis—e‘
OJX'HSPE]-SL R 313} O W (Park et al., 2013) N EFE
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Fig. 3. Microscopy observation of lipid droplets in 3T3-L1 cells
after treatment with PSE. 3T3-L1 cells were treated with 50 and
100 pg/mL of PSE between Day -2 to Day 2. The cells were
stained with Oil Red O and the number and size of lipid droplets
in 3T3-L1 cells were observed by microscope.
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Fig. 4. Protective effect of PSE against ethanol-induced
oxidative stress in human hepatoma HepG2 cells. The cells were
pre-treated with 10, 100, and 200 pg/mL of PSE for 30 min, and
stress was initiated by 800 mM ethanol treatment. The cell viability
was examined by MTT assay. “p<0.05, “p<0.01 versus ethanol
treatment.
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Fig. 5. Cellular antioxidant activity of PSE against AAPH-
indued oxidative stress in HepG2 cells. Antioxidant function of
PSE was examined in 60 uM AAPH-treated HepG2 cells in the
absence or presence of 10, 100, and 200 pg/mL of PSE. Data are
mean with standard deviation (n=9) obtained from three individual
experiments. “p<0.05, “p<0.01 versus AAPH treatment.
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Fig. 6. Cellular antioxidant activity of PSE against Cu*-induced
oxidative stress in HepG2 cells. Antioxidant function of PSE was
examined in 10 uM Cu*'-treated HepG2 cells in the absence or
presence of 10, 100, and 200 pg/mL of PSE. Data are mean with
standard deviation (n=9) obtained from three individual
experiments. "p<0.05, “'p<0.01 versus Cu®* treatment.
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