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ABSTRACT

hepatoprotective effects.

Methods :

conducted to investigate the molecular mechanisms underlying the hepatoprotective effects of FSE.

Results : FSE increased the decreased cell viability induced by AA+iron. Additionally, FSE normalized the expression of
apoptosis-related proteins induced by AA+iron. The elevated ROS levels in HepG2 cells induced by AA+iron were
reduced by FSE, and the increase in Rh123-negative cells induced by AA+iron was attenuated by FSE. Moreover, FSE
activated the protein expression of AMPK and its related phosphorylating enzymes, LKB1 and ACC. Furthermore, FSE

activated YAP and its upstream phosphorylating enzyme, LATST1.
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This study induced oxidative stress in HepG2 cells by treating them with AA+iron and investigated the
effects of forsythia suspensa extract on this stress, as well as elucidated the molecular mechanisms underlying its

To confirm the antioxidative effects of FSE, HepG2 cells were induced with AA+iron to induce oxidative
stress, followed by MTT assay. Additionally, the effect of FSE in reducing the increased ROS levels and mitochondrial
damage induced by AA+iron in HepG2 cells was confirmed using FACS. Furthermore, western blot analysis were
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Conclusions : These results demonstrate that FSE has an inhibitory effect on oxidative stress induced by AA+iron and

may have potential hepatoprotective effects.

Key words : Forsythiae suspensa, AMPK, YAP, oxidative stress, ROS,
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Reactive oxygen species (ROS)&= A W thefst
syals, Agsyeb Atsh 7ol ela) AAEI hydrogen
peroxide (H;O,), superoxide radical (O,—), hydroxyl
radical (OH)5°] 9tk ROSE AIZ F4], Ea}, ol%F
Az Apd B At Fedt AgS o
FollAe] ROSE AHgH Al 7]53 A&
P9, SR ROSZE A Wold TEsA)
ABIAEHAS  GHFste] A7 AAFAQ]
SHA Sto] DNA &4, A2, Al 2ZF8AL 9
= 71*1 5o FIE 5 . AStAEFAE
ROS/reactive nitrogen species(RNS) 84
Zpgo]  gAREE IR
ARIAE A= ERd Ak 7 A 9 7]e vy Ao
Fa7t A2 shedl, A, @ 9 DNA &4 53
SEF, Aol ROSS #Edt wjor ol
ASIAEHAE Wojshr]  ofRt kRt tskAITL
TR, a4z AteA|e} Blasa ezt =t
47 PAHAol= catalase, GSH-PX (glutathione
peroxidate), heme oxygenase—1, peroxiredoxins 5]
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e HE dixbel Fa% 9L st He Fa
A zolv] AR AAA| 0] Aoy, e AP PAxt
o Al oAt 7]%"1] YA GFaolcH?, shAet
A2 w2 oA =4S OA Hol ol A==
AW dExds=28 (1ron—regulatory hormone)l| 25|

(arachidonic acid)= A|Xx FZ9] 7|1E A4 ﬁﬁ\_oltﬂ
e, A, AlE &4 9D &4do] sk 3 Ld of
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gastty. AAE BEst Aate] aoks Zufste,
AAQ] Atsto] ofs A tAEES A5 fadtH?
AA9l TERE FH2 ARIAEHASH #RH AL

farsto] zhdgke] wrdwl Agde] ottt whatbA,
AAQ} iron& THA|ELOA] AFSIAEAE fidotoe] 4tst
AL A7 5 Ak FL nE gHA Qe
AN (forsythia suspensa, FO)+&= S, A& U gH=oflA
adutdom ARgEE A% oeldt?.  FSE
polysaccharides, phenylethanoid glycosides, phenolic
acids, flavonoids, lignans 52 Z3oH= 559 A4
Ais ol dAte et A SiE miel
AFRECHIN2222) B olajat tlokst s} QA|uk
A AA+irone] Ol FEH ASRAE A oA
o] oigt AFs FSolth mEbd, & dFelAs
TA|ZEO A AA+ironoll O8] frebE ARSFAE A
St Aw FEE(forsythia suspensa extract, FSE)] 7+

ke Felsky B B )E ATE S,

L &

}Ol

I 449 ¥4 9 A=

1. Materials
Forsythiae suspensa= B4 F&519] filter paper2 12}

oyl &, 022 um filterz 27} ofafste] Ao
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AFg35l9Er Anti—poly  (ADP-ribose) polymerase 1
(PARP),
large (Bcl-XL), anti—phospho—acetyl-CoA carboxylase

anti—capase3, anti-B—cell lymphoma—extra
(ACC), anti—phospho—AMP-activated protein kinase
(AMPK), Bl (LKBD),
anti—phospho—yes—associated (YAP),

anti—phospho—large tumor suppressor kinase 1 (LATS1)

anti—phospho-liver ~ kinase

protein

antibodiesi= Cell Signalling Technology (Beverly, MA,
USA)ellA - st ARBSEITh Horseradish
peroxidase—conjugated goat anti—rabbit ¥} anti-mouse
IgG antibodiest= Enzo Life Sciences (East Farmingdale,

New York, NY, USA)ellA] F¢iste] A-g-otaitt.

2. Cell culture

Aol A89F HepG2, Huh7 AlZEE American Type
(ATCC, Rockville, MD)ofA]
TASFATE. HepG2 A= 10% fetal bovine serum
(FRS)2}+ 100 ug/mL
streptomycin (P/S)-2 37}t Dulbecco’s modifiedEagle’s
medium (DMEM)-& ARSI Huh7 AlZE= 10%
FBSe} 100 100 pg/mL
streptomycin  (P/S)& 37Fgt Roswell Park Memorial
Institute 1640 Medium (RPMDE Agsto] 37C, 5%
CO: 9] incubatoroflA] vjFsSIct.

Culture  Collection

100 unit/mL  penicillin ¥

unit/mL  penicillin %

3. MTT assay

HepG2 MZEE 48 well pateo] EF3l%ct. HepG2
A= FBS7F gl HiAIZ 6AIRE BSF iRt &, FSE
(1-30 gg/mD), AA (10 £ M)E 1247t B0t Z=2]5FAct.
3 %7, iron & #M)E 24X 5 Adsiaeh. 1=
3-(4,5-dimethylthiazol-2-yl)~2,5~diphenyltetrazolium
bromide (MTDE 1At &t Agt Fof Ade
formazan crystal= dimethyl sulfoxied (DMSO)?]l 5o
microplate reader® SFT=5 =5t

4. Measurement of ROS production

HepG2 AM|ZEE 96 well plated] E55F] FSE (30
pg/mhet AA (10 #M)E 1241t 53t A&t 2o iron
6 eME AR B Adeth 1 %
2" 7" —dichlorofluorescin—diacetate (DCF-DA) (10

53

£ M)E 1ARE EF Aeete] Fg=

5. Flow cytometric analysis

AMEZEA7E ARESFY]  mitochondrial membrane
potential& £4-& =745ttt HepG2 A|xef] FSE (30
pg/mDsh AA (10 £ ME 12417 29t Jejat ol iron
(6 pM)E 1ARE 52t AH25telet. 71 %, rhodamine 123
(Rh 123)& Aol 1At B3t A2sk3iet.

6. Western blot anaylsis

HepG2 A28t Huh7 AIZE 6 well plateo] 25510
FBS7t gl A= 12417 5t #fjfstsiet. FSE (30
pg/mDE A7PE (0, 10°, 30, 1h, 3h, 6h)2 g5}
GRS 2ot FES Sl TS Aegoto]
SDS-PAGEZ 71955ttt Enhanced
chemiluminescence (ECL) solutions ©]-8ste] iz
TA-E =]lsksinh

7. Statistical analysis
A A= meantSD. FO2

AFgte] SAH fo

UePlon  t—testS

1. FSE7} AA+iron §% MEZ=A] = JF
HepG2 AlZoA AAtirons =3 M54 oigh
FSEQ] &S MTT assayZ2 &1stitt. HepG2 Aol
AAtirons  §ksle  FSEE xdEz Aty
N2zAEES SHSIR AA+irong A3 o2
2} B wSklE o AaEdEEe] FAaskeltt. shA|Rt
FSE 3 ug/mFH w=7l S718= AA+iron®] 2J3]
Aagt AagEse] F7IeHthFig. 1A). mhebA, o+
Aold= FSE 30 pg/mle] =z A3s .
Apoptosis©l] tgt FSES] &35 western blot analysisS
S5t apoptosis T THiE UAS SIS
HepG2 Azl AA+iron Az[ste] oiid o]
A5k FSEx olE A/d3tstqirk(Fig. 1B).
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Fig 1. Effect of FSE on cytotoxicity. (A) - Cell viability were measured through the MTT assay. HepG2 cells were

induced with AA+iron and treated with FSE (1, 3, 10, 30 ug/mL). The data were presented as the mean +

SD from three independent experiments (**

p < 0.01 vs. control group; #p <0.05 vs. AA+iron—treated group).

(B) - Western blot analysis was performed to examine the expression of apoptosis—related proteins. HepG2 cells
were treated with AA and FSE (30 xg/ml) for 12h, followed by a 1h iron treatment.

2. FSE7}F ROS ¥4 9 Mitochondrial Dysfunction®]|
HX= FYF

AAtirond] 9Jd F=H ASIAEFH A st FSEQ
HEauws golslth. DCF-DAS ARgste] AlZ 4

ROS ¥4 452 2RI5HASE. HepG2 Alze] AA+irons
Hgste] ROS o] Z7bstgA]gt FSE: AA+irond]]
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o) 7HE ROS 52 HAAFTHFig. 2A). o,

HepG2 A2Zo] AA+irono]l ¢J3ll 4-=% mitochondrial

FACSE AMgstel shlgt Asolct

AA+ironS A 72 HZ} H| 1wt Rh123 negative
Az e} Hlgo] F7Fsleint. sHARE, FSEE A2jste] ol
7t/ ACHFig. 2B).

dysfunction&
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ROS level

con

B)

100 -

Rh123 negative cells (%)

Con

30 30 FSE (ug/ml)
AA+iron

4

30 30 FSE (pg/ml)
AA+iron

Fig 2. Effect of FSE on ROS generation and mitochondrial dysfunction. (A) The level of intracellular ROS generation
was assessed using the DCF-DA assay. HepG2 cells were treated with AA and FSE (30 ug/mL) for 12 h, followed
by a 2 h iron treatment. Subsequently, the cells were stained with DCF-DA (30 uM) for 1 h. (B) Mitochondrial
dysfunction within the cells was measured by staining with Rh123. HepG2 cells were treated with AA and FSE

(30 ug/mL) for 12 h, followed by a 2 h iron treatment. The data were presented as the mean + SD from three

independent experiments (**

3. FSEZ7k AMPK &3] ulx]= 9%

HepG2, Huh7 A|Eof|A FSEZ}F AMPK EHAdof njx]=
ke EI5H7] 3l western blot analysisE 4=383gt
ditolct.  HepG2 AZo] FSE  30ug/ml&  AZF
oFHor At A, AMPKE] QWiIEl= 1A]7tefA
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p < 0.01 vs. control group; ##p < 0.01 vs. AA+iron—treated group).

7V 7kttt AMPK /9] 14tst 491 LKB13
5k9] Qlakel @49l ACC % <lAtelEItkFig. 3A).
T3h Huh7 AlZo= FSE 30 xzg/ml& A|7F oj&Ho=
sty 1 23, AMPKZ} QlARSh=EQly LKB1}

ACC B hibels= 22 eItk (Fig. 3B).
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A)

p-LKB1 L ——— ——

p-AMPK | = W —— — —

HepG2

PACC [ M B B 0 0

B-actin | w— — — — — —

con 10 30 1h 3h 6h
FSE 30 (ug/ml)

1.8 -
1.6
1.4
1.2

1
0.8
0.6
0.4
0.2

0
con 10" 30" 1h 3h 6h con 10" 30" 1h 3h 6h

FSE 30 (ug/ml) FSE 30 (ug/ml)

R

Relative level of p-LKB1 (fold)

Relative level of p-AMPK (fold)

B)

D-LKBT [ o o s c— — —

P-AMPK | s s o — —

Huh7

p-ACC ¢ R

B-actin — — — — — —

con 10" 30" 1h 3h 6h

FSE 30 (ug/ml)

Fig 3. Effects of FSE on AMPK activation. (A) Western blotting for the AMPK signaling pathway. HepG2 cells were
treated with FSE (30 xg/ml) at different time points (10", 30', 1h, 3h, 6h). The data are presented as the mean
+ SD from three independent experiments (*p < 0.05, **p < 0.01 vs. the control group). (B) Huh7 cells were
treated with FSE (30 xg/ml) at different time points (10, 30, 1h, 3h, 6h).
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4. FSEZ YAP @74l M= 9% Sastggych 1 A HepG2, Huh7ol14 YAP 24
Eeh FSES] YAP Ao Ag A=z digt dg=  I7MIEHL B YAP A9l <IAtsh mAaQl LATS1O|
stolsta&UTE HepG2, Huh7 AlZf FSE 30 #g/ml-& - Z7pAAchFig. 4A,B).

17t ojEH o7 Aslo] western blot analysisE

>~

A)

p-LATST [ s S e B S

p-YAP ——— m—— — — G — HepG2

P-actin | «—— — — —— — —

con 100 30" 1h 3h  6h
FSE 30 (ug/ml)

Relative level of p-YAP (fold)

con 10" 30" 1h 3h  6h

FSE 30 (ug/ml)

D-LATST |me SN mom S s

P-YAP | S SR s s - e b7

p-actin —_— —_—

con 100 30° 1h 3h 6h
FSE 30 (pg/mil)

Fig 4. Effects of FSE on YAP activation. (A) Western blotting for the YAP signaling pathway. HepG2 cells were treated
with FSE (30 xg/ml) at different time points (10', 30, 1h, 3h, 6h). The data are presented as the mean + SD
from three independent experiments (*p < 0.05, **p < 0.01 vs. the control group). (B) Huh7 cells were treated
with FSE (30 pg/ml) at different time points (10, 30, 1h, 3h, 6h).
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A 22 & o4 g2 AXE 7 Azt
BAR, dubdon EeRgsia whEAJe] Eob. €4
Atzolli= ROSEE RNS7F QIth. ROSelli=  superoxide
anion (O, "), hydroxyl radical (+ OH), alkoxyl radical
RO ) (ROO +),

oxygen—centered non-radicals, such

1
H:—'E

and  peroxyl radical and

as  hydrogen
peroxide (H;O,) and singlet oxygen ((0yo] T},
o2 & I3, DNA &4, ouid 9 Fg3st
BAES AR A &S 8T 5 JARE 9F a9

ROS2} RNSE a3 g3 7158 5-37cP?),

e 2R P, AA & AL s S AW At
ZAo| WA AT . 7ho] AR s
S fA] S8 EF A71E fRsorid.
JEE 2 TVlee &PAPIIY W, o T
ETE I S S L3k A Ee &4
TNEE AAS R, &4 =tdze] it Fotet

A A 0] Fitat ’of
o2 oJojzx] ARIAEFAS APS

Garst o] AlAglo] EAEIQLS W) WAFTPY. ROS,

o) 7N Am A D TS fok], AR
AER ddsle] b E4e fUR 4+ A E4,
AStrEAAR QIR ok A3 W TR
HEe A7t A% W 9Ty 3 ARS TP
R 2F AT WYAD, wepd, £ A7
AGREALZ QG DA £ oABH=A] BIsh]

#sll DCF-DA assay, flow cytometric analysis€t ROS
AakE ZASkt 1 A, (BHPE QI9 A2 AbE2
Aazol| FSEE Ao =mn AAaAIZTth
nEZCgol=  adenosine  triphosphate  (ATP)t
F2A oUAE skl AZAEAL AT Ag =
TrofoteP?, meh, A1 thate 84 &8k ow] Ay} o
oAb Tl "asih mEZEdol fufolla  AJdE
BBl HA= cytochrome C Atsl @42 o]%55}o]
A F Arao} HEESte] B8 P4, SR ol
= 9BE= 49t ZHFH WhESle] superoxide anion
(Oy )& PA3SET radical hydrogen peroxide (H,0)E
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ROSY Atz mEZEotlA
QRitete] Bofsl= of=] A oA KRS
EANA vEZE= 75 ENE
I Bl A RE
Aoz el F shtoln, ALY

O

™ ofl
ol ox
2o

%

F

&

=k
i
2 o
!
ik
9,

(N
4z ox
2

W
jo_r‘h

Shtolm 7k
A EA, LA
HAEPY, AMPKE a-, - % y-subunit(123)02
A9 heterotrimero]tF”, AMPK: &  adenosine
monophosphate  (AMP)/ATP  H|]-&9] Z7lof| 23|
sk, ATPE Adstke olehtdes EAslsto
ozl P EAI7I= 28-S st FAlOl ATPE
AHlshE e AR E3H AMPKE
serine/threonine  T¥HAS]  kinase2A] Al ofy7]
2EZ 2L AN 9T P AMPKO] A9 <litet
§491 LKB12 Thrl172& eWtsleta Zufsta AMPKS]
oflz] JeiE AAlsks wAUS Tolste] &2 0=
A3t AHE GATY. AMPKO 3§19 <At}
281 ZollA Apte] T ARk
A, webd, 2 Aol FSEZE AMPK A

LKBl& <litst AlA AMPKE
AMPK  a}9] QMtsh @49l ACCE

3191
=4

Hippo/YAP Az
AzAPEARE st WiF 3o A7 27
IS FAJITHY, T Zhoa] 7] g 9 i 2t
7] 238 9 A, FF A 59 7% P YAPS
AEYA AMzA EJE LS AlAst 244
TEAIZofl A YAP B/d3t= Qlsto] IHs7dm o= o] Fsto]
AE AFEARE dogith, EfRolA
742+ 37 serine/threonine kinase?} )5 mammalian
Sterile 20-related 17} 2 kinases (MST13} MST2;
orthologs of Drosophila Hippo [Hpol)®} Large tumor
suppressor 17} 2 kinases (LATS17} LATS2; orthologs of
Drosophila Warts [Wis)2 FAE?. YAP/TAZZ
zAsk= F4 WAYZESS LATS1/LATS2 kinase@} Z-&
91 IAtel maof of%t QUISEE Fote] Al W =48t
U 1 S B e e I = o R R o
FSEZF YAPO] ZF9] QM4FeE §4-Q1 LATSIS IAISIAIA
YAPS A8t AZch wehd,  FSE:E YAPS

ZA] H §}-,

[eXan P} gL

ol
=~

sl

Hippo
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gAsigto 2 7+ BHEo] st B 714 Flstelct
V. 4
B dFoME AAtirono] 9§ fEEHE

AstrEd 2ol dgh FSES] 7 B aks skelsta vl
B2k 718 A7E SapstAt. HepG2 AIEE ol 8sto]
AA+irono] o8 ST AStAEF A0 gt FSEQ]

A PEEE MTT assays &off 2lstdir:. E3L
apoptosis T TS western blot  analysisE

FeYstaiet. 183l AA+irons HepG2 A|xef festo]
ROS A4kt njEZEgjo} &=A4to] thgh FSEC] aate] tfgt
AYS 495ttt 12]1 AMPK signaling pathway%}
YAP signaling pathwayoll thet FSEQ] 4 &<lslr]

I8l western blot analysisS 4~°¥5}ict.

1 A3k, FSEx AAtironol] oI5| fkste] Zhash
NEPZES Z7MAH EsE AA+irond] 98] =

apoptosis T THlE WS FSEx= AAASAIZL
HepG2ell AA+iron& F=3F #ollA S7Hd ROS 452
FSEZ} #AaAzom AA+ironoll ©Jsf Z7Fe Rhi23
negative AlEZ= FSEZF frAAIFSE 18]3l FSEx=
AMPKe} 71 g+ 914t f49) LKB1ZH ACCO] ghajal
SRS G E, YAPT 11 A9 Q1AIeH EAQl
LATS1-& /dafstgltt. wehs], FSEx= AAtironol osh
G AGAEHAS IABIAT 7 Beot BE 1
A 710 gelste] 7 e mae] et slse
ghlskalch
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