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Antioxidant Effect of Filipendula glaberrima Nakai Extract in HepG2 Cells

Mijin Hong" and Dahyun Hwang ™"

Department of Biomedical Laboratory Science, Hoseo University, Asan-si, Chungcheongnam-do 31499, Korea

The imbalance of oxidative stress due to the excessive production of reactive oxygen species (ROS) leads to the

pathogenesis of liver disease. To prevent this, the role of antioxidant mechanisms is important. Antioxidant studies have

been reported on the Filipendula glaberrima Nakai. However, studies applied to HepG2 cells, which are human liver
cells, have not yet been conducted. In this study, 70% ethanol extract of Filipendula glaberrima Nakai (FGE) was prepared
and antioxidant activity was investigated. It was confirmed whether FGE pretreatment could reduce hydrogen peroxide-

induced oxidative stress in HepG2 cells. The increase in gene expression of antioxidant biomarkers and the scavenging
ability of ROS were measured, and Hoechst 33342 staining was used to know the inhibitory effect of the apoptosis. As
a result, FGE significantly increased SOD (2.6-fold), CAT (4.4-fold), MT-14 (3.1-fold), GPx (4-fold), and G6PD (2.4)-
fold compared to the H,O,-treated group. FGE directly inhibited ROS production from 13.4 to 3.6 (the fluorescence mean
of DCF-DA) and also reduced apoptotic cells from 45% to 10% (Hoechst 33342 staining) at 2.5 pg/mL. These results
demonstrate the excellent antioxidant activity of FGE and show that it can be used as a functional food to prevent liver

disease.
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3} A7pE A As So] therst AHS 5kt (Valko
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RNA)Z} 22 Ax 74 845 &4 9 97y
(Zhang et al., 2016). 53] H,0,% The S44aEuT)
HER7)17F A3 5k 491 free radical & 3F4S1 hydroxy

radical (-OH)Z2] W& o] 7] ol 4ks} &9 F8
f1olo] @ HClarkson and Thompson, 2000). w2} 2HA]
Xzl AAS B3 Ayl b ¢ #Aey) A A
golm] RgAZe] o3t w3} oA T YA 24 7)E
ojuf A WolsES A ¥ JEES o8& 7F
g AFEo] gk A5t 2 $ITHChang et al.,
2013; Cho et al., 2014).
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20] B 1 Ae] 79 FHAIE, HIAE e
(Hepatic stellate cell)oll 3 531 7R3
£ ZZIA]Z1tH(Gandhi, 2012; Cichoz-Lach and Michalak,
2014). °l= 3 9T, WS, AELGY} 22 EE
o oloj F glow olF dus| & 4 Ue kst
A(antioxidant)7} A& & FHZA A ZHgkar gtk
(Leemetal., 2011; Mari et al., 2013).

Al -2 FHAAA HE F = HA
HIER C, SehE o] 55, JFRE o] =4, B,
ofd, ExE Fol o AA Wl w=3}E AAlsta
Are] ool maA Rl Ao defA] UtHAtoui et al,
2005; Suh et al.,, 2019). &4EskA] ol 4 %= BHT (butylated
hydroxytoluene)®} BHA (butylated hydroxyanisole)$} 72
W dakskAlE Adatal 3 2 maE 7R
WebA] dl Qb Adel] tigh wA|7E A7 s A el g
A FatsiAle] dES Rekst AAR dakskA]l A7)
=5 X aE Al JUHKim et al, 2009; Na et al., 2016;
Cha et al,, 2017). Z22]u} A ikslAle] 4¢- 4 Ak
shAlel] wls A o] &Fe] W] ujitel] vl v 3
Absl 2438 H2lth(Jeong et al, 2006). FHekA ] o)A
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B 2| & (Filipendula glaberrima Nakai, FG)> 42 Ak
X AR st &e) ojelajite] Agolrk & & A%
o] tite] Fo] gk, Ui, v 5 s HolA|ofe] =}
Asl=d], 53] FGE hitzoltt R ¥ sl EAlgo=
44 Uth(Yeo et al, 1992). E3F E{g|&Eo] 424, F%
TFY A8 FHoE AREHATE Barsk gk A
st TS 7R EgRecl= Ad T sl FHE
AE-S EehsltlE Bavb dtk(Yeo et al, 1992b; Lee et al.,
2020). AE7HA HEES A= 9 st A7 9
ol gkont QIAl ThA|EEe]] &3 A= ofz] W
vk glck webA] Q1A THA| 2] HElE FEES ol&
gk ksl g dd ASHA|EA Y] AL
U AoE AlmE

2 ATl = HAE AR HEE dEE FE5E
(ethanol extract of Filipendula glaberrima Nakai, FGE)2] &}
At gaE rketr] 918 IE THPAIETR] HepG2ol
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T 70% A ClEe(1 L)E FE3IT o) &
ES o]3Fal(Advantec No.2) 40C2] 222 7RMs53k
F(EYELA rotary evaporator, Tokyo, Japan) 54 7z38}o] Z+
FE 755 go AAh Ax¥ FEE-S DMSO 100 my
mL FERE Fo|il STHFE A3 s|Alste] g AL
233t

M| ZHH2F

B A ARER MRS QIZE IFIAIEF?] HepG2
2 3= M|XEF 238 (Korean Cell Line Bank, Seoul, Korea)
oA BoF Wl MAEE 10% fetal bovine serum (FBS;
Life Technologies, Grand Island, NY, USA)¥} 1% penicillin-
streptomycin (P/S; GenDEPOT, Katy, TX, USA)S &3t
Dulbecco's modified Eagle's medium (DMEM; HyClone, San
Angelo, TX, USA)S AHE-314] 37T, 5% CO, =719] vl
RA S I e e

HepG2 M|Zo| HEEH &4

FGE®| HepG2 Aol didt ehdgdS 437 93
HepG2 cell (5<10° cell/mL)S 96 well plateol] 200 uL*
3L 16~20417F A= 5% CO, incubator (37 C)oll A <t
3}319Ith FGE (0.625~2.5 pg/mL)= 24A)7F A&l &kaL Al
of AbslA ~EHAE f¥sty] 913l 400 pMS] H,O0,5
917+ A skich

S-S FA8] Al 4T Ae AL SFM
(Serum Free Media)ell =21 10% EZ cytox (DoGenBio, Seoul,
Korea) 100 uLE 7138191t 308 $ 450 nmoll A &4=
£ Stk A AZ AEE%)S 24 uEatl o
sk MEE2 FAEACE A el =91 (CKXS3,
OYMPUS, Tokyo, Japan)= AF-8-5}o] #2513}

oo o

YA UAIZ ZHEL A YS(GRT-PCR)

HepG2 AIE (5%10° cel/mL)Z 24 well platel] 500 uL*)
B3k 16~2041%F BE 5% CO, incubator (37 C)oll A



Table 1. Primer list

Gene Forward Reverse
SOD1 5'-AAG GCC GTG TGC GTG CTG AA-3' 5'-CAG GTC TCC AAC ATG CCT CT-3"
CAT 5'-AAG GTT TGG CCT CAC AAG G-3' 5-CGG CAATGT TCT CAC ACA G-3'
MT-14 5'-CTC GAA ATG GAC CCC AACT-3' 5-ATATCT TCG AGC AGG GCT GTC-3'
GPx 5'-GTG TAT GCC TTC TCG GCG CG-3' 5'-CGT TGC GAC ACA CCG GAG AC-3'
G6PD 5'-CCG GAT CGA CCA CTA CCT GGG CAAG-3' 5-GTT CCC CAC GTA CTG GCC CAG GAC CA-3'

GAPDH 5'-ATG GTG AAG GTC GGT GTG AAC-3'

5-TTG ATG TTA GTG GGG TCT CGC-3'

*Abbreviations: superoxide dismutase (SOD), catalase (CAT), metallothioneins (MT-1A), glutathione peroxidase (GPx), glucose-6-phosphate
dehydrogenase (G6PD), glyceraldehyde 3-phosphate dehydrogenase (GAPDH)

oF43}aliT). Z12]al FGE (0.625~2.5 pug/mL)E 24417+ 2]
glokar Aol 4kehd ~EdAE fEshr] 913 400 uM
o] H,0,& 9ARF A2kt mRNA F=ollA 42t
o] By HE=E 3I5}7] 93l Total RNA Extraction Kit
(iNtRON BIOTECHNOLOGY, Daejeon, Korea)E A}-8-3}¢7
RNAE 313tk £2]% RNAT ReverTra AceTM qPCR
RT Master Mix (TOYOBO, Osaka, Japan)& A8-31%] cDNA
2 A9} AIZ] F gPCR Magnetic Induction Cycler PCR
Machine (biomolecular systems, Coomera, Australia)S- A-8-5}
o] SYBR" Green Realtime PCR Master Mix ] 2{TOYOBO,
Osaka, Japan)oﬂ o3 R &sFTh & Adof A& primer
o] 7ML Table 10 YERNI S, mRNAS] U W

Sh= 2-%°Ct method W& AHE-3t] GAPDH tHéiL%
12 AAslo] F3 3k t(Livak and Schmittgen, 2001).

oi

HdAtAZ=(Reactive oxygen species, ROS) £&71s &4

HepG2 Aol FGEE A |etls wf ROSS| &A%
S ®7] 93} 2,7-dichlorofluorescein diacetate (DCF-DA;
Sigma-Aldrich Co. St. Louis, U.S.A)& A}8-3}°1 Fluorescence
Activated Cell Sorter (FACS; BD FACSAria™ 1l Cell Sorter) &
=431} HepG2 A1 EE 6 well platedl] 510 cell/mL 2]
HF 5Tt HES A SN B3 F 37T, 5% CO,
a7 o| A 24413 B3 vFet H, FGE (0.625~2.5 pg/
mL)Z 24417 A3kl 400 pM2] H,0,E 12A]7P 212
sto] AbstA] ~EwAE fdsiglh Wi - phosphate-
buffered saline (PBS)2.Z 13] A& 3}al 20 uM2] DCF-DA
= A28tk 208 5 PBSE A|H 3 TS trypsin-EDTA
£ o] g3}o] AEE 3|45} excitation 485 nm, emission
535nme] Z=71el4] FACSE SA31lch

Hoechst 33342 EM

HepG2 Al ¥Z cell culture slidel] sxm“ cellmL®] #ZF
SEVF HEE A &S B & uldr]olA] 244]
7t &<k wieFet ), FGE (0.625~2.5 pg/mL)fa 24717 A2
SkaL 400 pMe] H0,5 122417F REG-AIZITE PBSE 23] Al
2, 10% formaline A 2]3ate] 1413 a4 AIZ1 5 PBS
2 A2 3}al Hoechst 33342 (Sigma-Aldrich Co. St. Louis,
US.A)E 308 &F fMA71aL, 4 5 AlHste] &3

A7 alol A ool = P23
A A2

Windows-& SPSS 4 12.0 (SPSS, Chicago, IL, USA)S
ARgate] T AElE XEAsgith e A Ave A
Aol W £ SDE FAISHI ZF 151 Afole] SAIA
o442 AR FAHE2A (one-way ANOVA)S A-8-3)

3L P<0.05 ol A S8kl

2
FGE2| HepG2 MIZ MIZSH

213]ol| A= FGE©| HepG2 Al|3E<]
ol 7] $3) HepG2 Aol o
AthFig. 1). &4 S AQd &
HO, & Aglst] Abstd ~E#f 25 =

o] H,0, &5 Ao e 54 iz gy
AEZ AEE A2(CF 20%)E YERATH b&ﬂdoﬂ FGE9]
0.625~2.5 pg/mLe] FLoA= % FoH o= F7ke
AE AEES BIon BE oM AESALS YEel
UA] ekttt whEbs HepG2 Al Eo| FGEo] Al¥E AES
of @as A PAA Fe e WM 5 APS
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Fig. 1. Cytotoxic effects of FGE against H,0,-induced oxidative
stress in HepG2 cells. HepG2 cells were treated with FGE (0.625,
1.25 and 2.5 pg/mL) for 24 h and then 400 uM H,0O, induced oxi-
dative stress for a further 9 h. The cell viability was measured using
EZ cytox. The present data were expressed mean £ SD. Different
superscripts mean a significant difference among groups (P<0.05)
based on one-way ANOVA and Duncan's multiple range test. FGE,
ethanol extract of Filipendula glaberrima Nakai; NC, Negative
control; Asc, Ascorbic acid.

2153}

32

o,
FGEQ| HAHSH B &3}

1 Ao A= RT-PCRS ©]-8-3819 FGES] @ts)
o] AJ=ElQl 370e] F2 &4 2 hulE(SOD, CAT, MT-
1A)7} glutathione THAFl ¥eddh= EAE(GPx, G6PD)2
mRNA &S 2181 HFig. 2, Fig. 3). HO,= 434
2EY A7 5% HepG2 AlEoNA FGEE 5% A4
o2 foldt gitsl avs YeRATh

FGE9] il 5% 2.5 pg/mLolA H0, @5 A2
tH] SOD (2.64M), CAT (4.49), MT-14 (3.19W), GPx (49H),
G6PD (24)P1= mRNA F320] B5F frolFog Z71a6t9]
t}. WA FGEE mRNA G504 5 5= &
2 33 g4 392 5ol AL o 5 9ok

M= W ROS &7 &3t

HepG2 Aol H,0,01 23l F=% A3 W ROS A
of tigk FGES] d3Fs &hletaia}t FACSE ©]&-3ll DCF-
DAS &3] ROS AE%S SAHUNHFig. 4). &
AFEA g A3 H0, W A Hags v it
DCF-DA 3% Fto]l FGES] #Hil 5% 2.5 pg/mLollA]
134904 3602 38 o] 74 3 A& B 4 Ui(Fig
4B). °]A& HepG2 AlXel H0,2 9% ROSE FGE
7} 2ANF S VERM 2 ZAdtel] e} FGEZF frol g
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Fig. 2. Effect of FGE on the expression of (A) SOD, (B) CAT
and (C) MT-14 genes in H;O,-induced HepG2 cells. HepG2
cells were treated with FGE (0.625, 1.25 and 2.5 pg/mL) for 24 h
and then 400 uM H,0, induced oxidative stress for a further 9 h.
The mRNA expressions were analyzed by qRT-PCR. The cells were
collected and (A) SOD, (B) CAT and (C) MT-14 mRNA level were
estimated NC was treated with only the SFM (Serum Free Media).
The present data were expressed mean + SD. Different superscripts
mean a significant difference among groups (P<0.05) based on
one-way ANOVA and Duncan's multiple range test. FGE, ethanol
extract of Filipendula glaberrima Nakai; NC, Negative control;
Asc, Ascorbic acid.
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Fig. 3. Effect of FGE on the expression of (A) GPx, (B) G6PD genes in H,O,-induced HepG2 cells. HepG2 cells were treated with FGE
(0.625, 1.25 and 2.5 pg/mL) for 24 h and then 400 uM H,0, induced oxidative stress for a further 9 h. The mRNA expressions were analyzed
by qRT-PCR. The cells were collected and (A) GPx, (B) G6PD mRNA level were estimated NC was treated with only the SFM (Serum
Free Media). The present data were expressed mean & SD. Different superscripts mean a significant difference among groups (P<0.05)
based on one-way ANOVA and Duncan's multiple range test. FGE, ethanol extract of Filipendula glaberrima Nakai; NC, Negative control;

Asc, Ascorbic acid.
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Fig. 4. Effect of FGE on the contents of ROS in H,O,-induced HepG2 cells. The cells were treated with FGE and then stimulated with
400 uM H,0, for 12 h. (A) ROS was determined by FACS and (B) analysis of statistical results of FACS detection. The present data were
expressed mean =+ SD. Different superscripts mean a significant difference among groups (P<0.05) based on one-way ANOVA and Duncan's
multiple range test. FGE, ethanol extract of Filipendula glaberrima Nakai; NC, Negative control; Asc, Ascorbic acid.
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T}, apoptotic cell tNZ27(5%)<F HlugS wf H,0, T
Aol Al 45%= A S7FEAAIRE FGEE 7 A
23S 1, apoptotic cell®] 30.0%, 17.5%, 10.0%% 5% 2]
EH o7 A th(Fig. 5B). wEbA] & Aol mE,
FGE+= HepG2 Aol 2hg-ste] dits) &8 T3
S 82X H0,0l &% 1hshA %
Bjgtx o s glstgitt

ER2 HED 5 oS

EZEgoke] A 5 Aol S

(f) FGE (2.5 ug/mL) + H,0,

Fig. 5. Protective effect of FGE against H,0O,-induced
apoptosis in HepG2 cells. The cells were treated with FGE
and then stimulated with 400 uM H,O, for 12 h. Fixed cells
were stained with Hoechst 33342 and examined by fluores-
cence microscope (Magnification><400). Apoptotic HepG2
cells are indicated by arrows. (A) The morphology of cell
nucleus and (B) analysis of statistical results of apoptotic
cells. FGE, ethanol extract of Filipendula glaberrima Nakai;
NC, Negative control; Asc, Ascorbic acid.

© A AAE AZE s frAlel Al =4
o]t Kwak and Lee, 2014). “1&J1} Ed4kaF A9 &
FHo 7 3k F3l A3y ~EdAE w3 W 4
Anse) Wo)Aa Rl S ol F
A ZItKMaxwell, 1995). 2Fsld ~Eg~e= 7F 95, 1H
skE W5EeE vhekgh 1HEgke] WS ek e Sl
o] Hw ol wi-g- FHeFslrial oA SAtkSanchez-Valle
etal., 2012).

B A= in vinool| Al H0,00 98 f-2E }\]’33]' 2E

2|22 3E FGES] HepG2 cell B3 &35 ]
&l W ATE T BA ol A sl B AskehA oiat

-30 -



o e Fa3t 715S Fdshe FAARL VU R 1t
APE7} AbstEd 2o gidste] BE avs wEs)
Qs Agrsichar Faglar, 2 Aol A= 1k 7t
21 HepG2 M¥EFE A3 THGao et al., 2016). AHHA
© % HepG2 AlFEo] H0,% AHst ~E#AZ 2k
7] 913l 100~1,000 pM 2] FE7F M ElE o] =)=,
Tl A= Azl oF 20% A= folHel 54
S FES 400 M-S AEiEte] A9S z18Ekith FGE
E0.625~2.5 pgmLe] FEolA AE] HA4S LA
HE FE WA AFE JPF

ROSE AA Ul 2lA|9] P =da e vhgdS B
olm] kstA ~EYAE fullets BEE AXxe Akshy
AE do 7= FLUelo]tH(Choi et al, 2012). L2t} <14
el A ROSO] A4 %1 A3 Brba]sb, 19 ROS
o] 27E &3 A Wl thAte] ¥ o] Fastth FGE9
21549 ROS 271%5S B H0,S *glste] HAw
L35k ROS A4S fE3te] DCF-DAE A 23l FACS
A& AAEITE 2 ATl A FGEZF H,0,00 ofs)
H AAdE ROSE &3tH o= A7) AL gl
t}. b FGEQ] ROS A7%5S S48 2384 &
AAetE &aNE ASselrh

H,0,= AlXEH 37t golah Aksha] ~Ef~E &
WA ROl whet mEFEE=glol WHE FAAA Ax
apoptosisE A7 Aoz 4#H A JATi(Youn et al,
2015). Apoptosis”} 3 =H AL A 9HES do,
dlo] 35 W DNAZF 27 FEghd 548 Helrh
wpzba] 3 U] DNAC] Sol4 o= Al &3 A4
Ql Hoechst 333425 AME-3o] o] Fefsl=l EAS &
ZFUHKim et al., 2010). 7 A3} HepG2 A5l H,0, A
glare] Ao A 3 53 FL=E 18k apoptotic body
7} BEE whE) FGES F= o7 o7 A3k o)A
= A AEe] FeEjek A o) FHE BEd
AT} o] HepG2 A3l FGEQ| AA2]7} H,0,2
W AkshA Ealo v RE HEshE gl 9les o
af & 4= vk #o] FEghEQl wEs F38 FGES] At
32 AEfARREH AE BT G392 7 Hor &
AYTHA FGE®] -3 kst s AT A8l &

e

=

KT HE
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o ¥

o

RT-PCRS ©|-&3&}3it}t. =1 23} SOD, CAT, GPx, G6PD,
MT- 143} 722 443} vlo] 9 vlA A H0, W A g
3l thztoll H]E] mRNA Ldlo] o2& o F713t )

g 5 AAA R A 7Iss FAE] f18 o
&k i - & FA A=l gk AAARD W] HAYSES

2 ek s o R SOD ¥ CATS} 22 ditsl
2, glutathione WAl 431 GPx, G6PD 183l T}
Lz g e 715EE MEIAY 28 3kt woja~
glo] 9lti(Salla et al,, 2016). S2Fs}A] G491 SODS} CAT
v AE oz AAEE AL radical®] FEgH
F4ES AAsH= 7198lar GSHE 2 el GSHE}
Arsh QElQl GSSGE EAlEY GPx Absh, #hl WG
T3l Akt 2EHAE AAsE e¥He st Ao
(Clarkson and Thompson, 2000b; Zhang et al., 2009). St
G6PD2] &Ao] AE 749 NADPHS} -2 glutathione
S PP o2 FAANATE B2 S AT
A AE e et Zely ikskES gaH o R 5
=514 Bl EthKim et al, 2008). MT-1AS 54 ©]
2(Cu, Cd, Hg, Pb, Py} 2 13}2]S Ko SODe} #2
gakel g 4ol ek 54 BRoAE AlestozA M
Aol FgaksiA A 7155 & 4= glth Alvarez-Barrios et al.,
2021). =5, 21A19] A1 o] wAYF] wErhd <l
Aol AE el 2ks} 2l AdElE 2=4ste] ROS A4
Ao HoASHAITE, o] A]2=Rle] EtdS Hed ROSE
AWGAA st ~Ed 2~ Zeeta Ax w3k
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