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Cytoprotective effect of Eriobotrya japonica L. against the
iron-induced oxidative stress through AMPK activation
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ABSTRACT

Objectives : In this study, we investigated the cytoprotective effect of Eriobotrya japonica L. (EJ) extract against
Arachidonic acid (AA)+iron-induced oxidative stress.

Methods : To confirm the cytoprotective effect of EJ against AA+iron-induced oxidative stress in HepG2 cells, it was
evaluated by MTT assay, immunoblot anaylsis, and Calcein-AM/propidium iodide (PI) staining. Additionally, the
mechanism of action of the cytoprotective effect was evaluated through molecular mechanisms.

Results : EJ (100 pg/mL) inhibited Arachidonic acid (AA)+iron-induced cell death in a concentration-dependent manner.
It also inhibited AA+iron-induced mitochondrial dysfunction and ROS production. EJ activated the LKB1-AMPK
signaling pathway.

Conclusions : In conclusion, EJ has the ability to protect liver cells from oxidative stress, indicating that it is related to
AMPK-LKB1 signaling pathways.
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I. Introduction

Ao
—

TSR oFE A 58, 2B, e T HAR

aqlom ole ofstd, shetd 0w BA7 Sohta e,

SHHY P, wEb BATE = oFEdt b &4
Atolo] Qlif PAE sl FARE gQlo] andor
ook 4 Qle oA A ko] Fasith o]t o]fE
FUelelA= A& it} 7 7F e gl
et 7t ghirs] A= Qe

ASIAE A 4FSE AJA”IT o5 Wojsh= bl
A 2H] bl #ego] AZsHAl TR A=, 1 A HiAt
A% 5 dodlE Fgo Hdedoer IHA P,
A AZE (Reactive oxygen species, ROS)S A2 ¢l
Mo debdo g AgE= FAER, AAs 23let

Slol AE o] Extel HA ¥-gshs Ehds Bzt
Azolt}?, A|L] At AYZof| ol Fas5HA 285l
2o A §A7F me Feshty A ek,
ASIAEAE ROSY AAE zdsted], A9 49

o T
DNA, &, A2 & ARAA oux] dixb &4,
AlZAPE T A edE B2, A 75 BoflE 2+
AT Y APATol] w= @ ZAEAA HAAZ| et
Fatet 8l nEZEEot Vs He aife] digh thefet

Q7 L Yo,

¥} (Eriobotrya japonica L., E])& H|EhiR]

gom golslld W o] zol= Feby %
shupolch?, dzRe As), A ®e AL, &3,

mEodo] gyt Qloky oA glo] Huto] ARRSHH?,

Hutd FE20 Ae, FET, AR Al dig

Z

o

A7} olFA L AN, 7+ Agky}t TAH 7]
H3l51A] oitt, H|uA-S kaempferol, quercetin 5 THIR
e &4 E4do] xZgtE|e] glo] A7 &ds] oA
rhy A Uk,

2 e HEg FEEC] AR T E4=
7Fs/dol Qlohal wdste], ThAlamefA o] ghitel aite]
A5otdey, HepG2 Alazofl ofe7]#=4t  (Arachidonic
acid, AA)+iron FE2 QH ASIAE A0 A H]mk Q]
AE B mar @ AR 71Ae] EA mAUSS
ghelstarat g

-
r

&)

I. Materials & Methods

1. Reagents

anti—phospho-LKB1, anti-phospho-AMPKa,
anti-phospho-acetyl-CoA carboxylase (ACC),
anti-phospho-Yes associated protein (YAP),
anti—phospho—LATS1, anti—Bcl-xL, anti—caspase3+=
Cell Signalling Technology (Beverly, MA, USA)®A
T4ttt Horseradish  peroxidase—conjugated  goat
anti—rabbit®} anti-mouse IgGE= Enzo Life Sciences
(Enzo, USA)olA 451%™, anti— S —actint= Santa
Biotechnology ~ (Santa CA, USA)°lIA
FASHIH. 3-(4,5-dimethylthiazol-2-yl)-2,5~diphenyl
—tetrazolium bromide (MTT), Rhodamine 123 (Rh 123),
arachidonic acid (AA), ferric nitrilotriacetic acid (iron),
Calcein—AM, propidium iodide (P& Sigma—Aldrich
(St. MO, USA)elA  Fafsiet.  Dimethyl
sulfoxide (DMSO)= (Tokyo,
Japan)ollA F-elstEith

Cruz Cruz,

Louis,

Junsei  Chemical
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2. Preparation of Eriobotrya japonica water extracts (EJ)
Eriobotrya japonica &5= §, AZ& 12t ot &
A ZHsiGinh. ol ASHTkE Fste] 022 um

flerz 23} ofglelel  ApgeiATH),  olzere
sAAZsI0] gglonl, 20T Bk 37 FR4]
o] Aol AR5}

3. Cell culture and treatment

A7t K TAHE FF AlES HepG2 Al % Huh7
Az ATCC(Rockville, MD, USA)OIA 7Istiet™?.
A 2= Dulbecco's Modified Eagle's Medium (DMEM) 2
RPMI 1640 #izlelldl  37C, 5% CO, #golAl
HijoFslom, BiZ]+= 10% fetal bovine serum (FBS), 50
units/mL penicillin, 50 x#g/mL streptomycin®] = ATt

4. MTT assay

HepG2 MZ+= 48 well plateo] 5 x 10°  cell/well=
7% %, 10% FBSZF gl HiAIOlA 12A%F F<F
HjoFstaitt. o] %, AlZE 10 «M AAS} EJ¢} A 12413t
Higstden,  5uM  irond oA 3AZE Bt
BjoFstTH?. o]o1A, AIZE 0.25 mg/mL MTTS} &7
IAIZE B¢t Hliekstal, formazan crystalse 200 x L9
sulfoxied (DMSO)E F7Fote] -Bafistaict.
ELISA microplate leader (Tecan, Research
Triangle Park, NC, USA)E A}85to] 540 nmoflA]
=3t

dimethyl

o3 1
FEEE

5. Measurement of ROS production
HepG2 Az A Al W ROS A4HE “gFstetr] flal
DCFH-DAE A8t} HepG2 A= 96 well plateo]]

1 x 10° cell/well2 EF3F & 10% FBS7F ¢le=
wjZjo A 12417 St wjokst & ZAsigicH?,

6. Immunoblot analysis
HepG2 AlZSF Huh7 AlZE 6 well plateo] 8 x 10°
cell/well2 #3F th& 244t &, FBS7F gl HiA=

101

WALt o] F, AIZHE (0, 10°, 30°, 1h, 3h, 62 EJE
100 pg/ml &2 AHXSIowH, Thiide] drazhs
B71517] 915Fd Chemi-luminescence Bioimagingprogram--
0]25}9] Quantification analysisS AATSFACHY,

7. FACS analysis of mitochondrial membrane potential

(MMP)

HepG2 MlEE 6 well plateol] 8 X 10° cell/well&
2R thE 24X 3, FBS7L gl WiRI2 weshirt.
FEET AR ofde] AWt iR Asiilod,
MMP= Rho 12302 1AIRF FF AR & -5 A2
B olgsto] ZA5tAnt”.

8. Calcein—AM/propidium iodide (P) staining

Live/dead A|ZE BA3517] 98] HepG2 AlES Ad
2 Hg & 0.5 pg/mL Calcein-AM ¥ 0.5 pg/mL
PI2 FAIstGItt olojA, AlxE 302 B¢ Hidske
F3HnH (Nikon) 2.2 ALY

9. Statistical analysis
A3 A= mean+S.D. gro g YRtk 54 A&

ARgsto] folge Liehfelr,

II. Results

1. Effects of Eriobotrya japonica (E]) on HepG2 cell
viability.

AA+irond] o8l F= A ApHo| tigh EJo] A
HS gus gelsly] 9al MTT assays JlskAct. 1
Ail AA+iron {EZ  Qlgt AEAPELS 30, 100
ug/mLoflA sk o]EZow [oJ5HA &SIt 53]
100 pg/mL FEoA Az FEES dixo] H)
o or FESHG. 2 Ao e o]§ Zdst=
AA+iron fr&e AFRIAEY A HG gatoflA EJe] =5
100 pg/mL= ZA7dsto] Agstsict (Fig. 1).
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Fig. 1. MTT assay. Cell viability was assessed using an MTT assay. HepG2 cells were treated with Arachidonic acid
(AA) (10 uM) for 12h, followed by iron (5 uM) for 3h. Eriobotrya japonica (EJ) (10, 30, 100 pg/mL) was
pretreated with AA. The data represent the means * S.D. of replicate experiments at least three times.

( o* ok *’

Significance of statistical differences between each treatment group and the vehicle—treated control group
p < 0.00]) and AA+iron—treated control group (### p < 0.001) were verified.
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2. Effect of E] on AA + iron—induced cell death in
HepG2 cell.
AA+irono] oJs k=¥ Al AFEe] digh EJo] Alx
BT EHE SIS
Calcein-AM % PI

$18l Immunoblot  anaylsis@t
S 2ot AA+irono A AlZE

Ard S TPge] ARHgARe FEA S ok
Caspase—32} Bel-x19] Thilld gt 7445130, =

olE Aot AUt (Fig. 2A). APEE AEe}
A7t A2 gelstr] 98 Calcein-AM 9 PI SA-e
35t A, wk Eapgo] glis Alare] 79 HAsgo] He

Q2= 8] AA+ironolH Ho] Holow], Ejt o]
oldig Ade EJ7}

A AAISHATH (Flg 2B).
OJoHA] 1A LERACE,

AA+iron 8§ A ZAPES FL2

AAE =

Bel-x

- e -

Caspase-3

B-actin

Con

L

EJ EJ

AA+iron

AA+iron

Con

Calcein AM

Merge

- EJ EJ

Fig. 2. Effect of EJ on AA + iron—induced cell death in HepG2.(A) Immunoblotting of cell death-related protein,

Bcl-

xl, caspase 3. HepG2 cells were treated with AA (10 zM) for 12 h, followed by iron (5 M) for 3 h.

EJ (100 pg/mL) was pretreated with AA. (B) Fluorescence image of HepG2 cells using calcein—AM{/PI staining.
HepG2 cells were treated with AA (10 #M) for 12 h, followed by iron (5 #M) for 3 h. EJ (100 pxg/mL)
was pretreated with AA. HepG2 cells were stained with 0.5 xg/mL calcein-AM and 0.5 xg/mL PI and

incubated for 30 min.
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3. Effect of E] on AA + iron—induced mitochondrial
dysfunction and ROS production.

AA+irono] 9Jgt mEZCt o}l 7% Fof @ ROS
Aol EJel Az HE  ayE EklsiSirh
HEZEgob= A3t AEH A 2h8o] Fa37t A ot
AM|ZE  A7]3oltt. mitochondiral membrane potential
(MMP)el| gt EJo] &¥+= Rh 123& ARESH flow

cytometry® = ZSIItE. AdY AgAdeAel ol
AA+iron2 Q8] m|EZCeol Axate] 75 AskE
F=ste] Rh 123 negative cell®] 78 215ty om,
EJ= ol @AsHA AAsklet (Fig. 3A). AA+irons
ROS AAE 7z oH, EJ= AA+iron® & ¢1g ROS

S FolRt o208 HAaART (Fig. 3B).
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O i
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Fig. 3. Effect of E] on AA+iron-induced mitochondrial dysfunction and ROS production in HepG2 cell. (A) FACS
analysis of Rho 123 staining. HepG2 cells were treated with AA (10 zM) for 12h, followed by iron (5 ¢M)
for 3h. EJ (100 pg/ml) was pretreated with AA. The cells were incubated with Rho 123 (0.05 xg/mL) for
1h after the iron treatment. (B) ROS production measurements. The cells were incubated with DCFH-DA (10

uM) for 30 min after iron treatment. The data represent the means + S.D. of replicate experiments at least
three times (***p < 0.001 vs. control group; ##p < 0.01, ###p < 0.001 vs. AA+iron—treated group).
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4, Effect of EJ on LKB1-AMPK signaling pathway in
hepatocytes.
AA+irono]| O3t 41512 AE| Ao EJo] Ll Al
Bo @ao] g 7]dE &I5k7] 918 Immunoblot
analysisS ZFstct. E] FgH AYPAoAet o]

AA+ironZ QIgh A5t AEFHA ZHo|| Fagh TS
3l= LKBI-AMPK Alzdgd #A=o A=

groletint. HepG2 AlZoA 100 pg/mlo] H%2] EJ&

Azt whh A2)gF At p-LKB1o] o] 1024
S7ktden, p-AMPKe] @2 3A7to|A felsH
37kttt AMPK &4 oJaff litstels & ozl
oF9] EAJIARRI ACCO] QM4tet 9A] 3A7E o] FojlA|
dAAsHA F7tete Ze RISttt (Fig. 4A). Huh7
AlzeflA p-LKB12 108204, p-AMPK2 3AJ7HolA,
ACC 10=0f|A Hdo] F7kstart (Fig. 4B).

A)

p_LKB‘] — — o Eme— g—

P-AMPK |SSS SE Sas S S s (|
]
(0]

p-ACC | R B 8 B o (™S

p-actin — e — —— — —

Con 100 307 1 3 6 (h)
EJ (100 pgimi)
2.5 1

%“ *

2 2

w

o

T 15

O

e

s 1]

B

2 051

®©

L]

€ g

Con 10" 30 1 3 6 (h)

B)

p-LKB1 — D - v e —— —
D-AMPK Wl s — — ] —
c
=
p-ACC N — ..
B-actin — — — — — —
Con 100 30r 1 3 6 (h)

EJ (100 pg/ml)

Fig. 4. Immunoblot analysis for key signaling proteins of LKB1-AMPK signaling pathway molecules in (A) HepG2
cell and (B) Huh7 cell. HepG2 cell and Huh7 cell were incubated with EJ (100 zg/mL) for indicated periods.

B —actin was used as a loading control. The graph shows relative protein levels in HepG2 cells. The data

represent the means + S.D. of replicate experiments at least three times (*p < 0.05 vs. control group).
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5. Effect of E]J on Hippo—YAP signaling pathway in glstitt. HepG2 AZoA E] 100 pg/mLS A7t
hepatocytes. met Az A YAPS] A9 ;A QIARQl LATS1
Aggdto]l w2  Hippo-YAP pathway= 4HehH YAPO] AR} thztol] Hlsf HAb Frksklct (Fig.
2Ed29F W Qe ZAor HyET Ity As) 5A). T2 Huh7 AJZo|A] p-LATS1-S 1050]A,
7Sk AR B4 kR deA p~YAPZ 1AJTtellA] o] F7tskglet (Fig. 5B).

2EF L FE ASE
e YAPH ol ool TATS1O| Qitsks b=

A)
P-LATST |wem s svn mmm s s
T
P-YAP |t aem G S a— |
3
B-actin — — — — — —
Con 100 30 1 3 & (h
EJ (100 ug/ml)
B)

p-LATSA n"—qnq’]

p-YAP — —— — D Ch— ——

AUnH

[B-actin —— . — — —

Con 10" 30 1 3 6 (h)

EJ (100 pg/ml)

Fig. 5. Immunoblot analysis for key signaling proteins of YAP signaling pathway molecules in (A) HepG2 cell and (B)
Huh7 cell. HepG2 cell and Huh7 cell were incubated with EJ (100 zg/mL) for indicated periods. S —actin was

used as a loading control.
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V. Discussion

A 28 e Afgitol whEr, AASH iron®] Y&
2212 AUA] BIE HEho] ARtAE A i Rl
ARG, ol EANAA)S F EW dFA
Ao, nEZEo} 7 skl A
ROS A4S st AmAPEE  doqicftiBIe),
diron)2 AA 9] Ata 2Rl 29l F&olm Q17ke]
2 v el ARG, s Almu A7)z
Aot ol FA4HA AT JH 1L, AE APE 5o
"a‘oi‘irﬂ}“‘ Ol—“fr_‘ﬂ ozt AA WEs A8k, 7+ 24
ASAEAE AR,
29 A AAE
7}*1 7131 ROS w7l mEZEz] ot 715
= Eelot o B Holg avHom
ZITH?, o147 AAtiron R QIgh AtStAEH A
A= OWQ} 4:?52 /\E’ﬂ”

‘IL_

s AlE

—

sojztgos

ARk A~E EV\Oﬂ QM EH Mz BE a9E MIT
assayS T gRelslact. 1 A Ej7t Bk ojEHow
Az YEE] Fofopl Z7kohe A4S Felstart (Fig
1). FACS anaylsis& o]&ste] mEZ=go}l o HE
=35t A, EJ+= AA+iron FE 2 QI n[EZ=g|o} gt
A9 sk dAlEIY e (Fig. 3A), ROS A4k o]
Foll EJol AASE Hof o5 fEEE AlZ =4
nEZCeol 7 FolzRE Hod
A ALSHATE

m{o w2 J

A

A3zl ""Z‘—L} /\]'
I s
Az AFE e 7‘}7} "}
death)o] ¢lom, caspase®] A3t <5 AZE ZZHo
g FL wpgor APHAGSY IF caspase-3=
F2 A ghifde] Ex BoE Hosl= dof Z-gqicH
9. oJst A HoPof|A] caspase-3E F4 BE
2174 ol AARQ1 AE Sofl MEARE T Aehs
A gl F2 Qp, caspase-39] A4S AR
nEZcglol AJETE C W& 9 caspase—8 FAst=2
TEAH ETAZL caspase-32 Adsie] AHEAPHO]
A2 Bel-xle  AEAPEO]  Fagt A,
ANEFE C HEE YXsto] & AzEApd 1go=
Zggpd . H Ao caspase-39t  Bel-xl&

w4 78]

Z gz

A ZE /\}‘1‘ (apoptotlc cell

A

10

-
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immunoblot & &2

o] Eofedier,

BA%t A7} AA+iron G2 QS|
EJ= olE 21534 (Fig. 2A).

AMPK(AMP-activatd protein kinase)= o[\ Z] e &

mUEFE  oxe] FEEL s oux]
Aol o] Aol AMPKE E4d4tagel o]
e ARRAEA Fol  2gehEdal e

QrHOM2Y KB (Liver Kinase B1)& AMPKO] AF9]
BA QAR QUEIE = AMPKE &43tsitt. o|A4H
LKBI-AMPK A5dg 2% ouz] ¥ it AEHA
204 AZ Bsel BEE AsdAd AR A7olA
Fa5p 2RI, AStAE A0 et Ejo] BT g3}
LKBI-AMPK A&4d% Azo] 9L ujxEx] 2215
23l immunoblot anaylsisE gkt EJE HepG2
AMZe} Huh7 A2EollA AIZPE(O, 10°, 307, 1h, 3h, 6h)Z
27}, p-LKB19] o] F7kete] w2t p-AMPK
2Pt fEEPYeH, Z d=xl s
ACC7t Fiit2E Zlo= gRlatlct (Fig. 4).

2EH A

AR
7A olel
Wy
guF ATE sl Aoz oA YAP,
LATS19] Qlatslr} 2715ttt (Fig. 5).

E

A7

L_

B AL HYETlA Hel umy FEEe A,
EHIGA B volrt ZAEAH FArsh ke

o
=
stelstalt. o2 B ulnte FEEo] WAl A
A

dz9o] 7hs/del ral waskalnt

Mo Job odk

V. Conclusion

H Ao AA+iron FEE
nEZEZol 715 Aol # ROS A4hE #elsiglon,
olof thet A5 Bl EJo] Ax BE arts vehflch
LKBI-AMPK  Aloild Zzet #ad  ZApe]
MISHE 7St A2 HE GyE yERfode. ol2igh
A= EJo] ISt 53t 7 B AibE AARI

= =]
=3
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