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Mitochondria protection of Sparganii Rhizoma against oxidative stress in

heptocytes
Hye-Lim Seo, Ju-Hee Lee, Mi-Hee Jang, Young-Won Kwon, Il-dJe Cho, Kwang-Joong Kim,
Sook-Jahr Park, Sang-Chan Kim, Young-Woo Kim* and Sung-Hui Byun**

Medical Research Center (MRC-GHF), College of Oriental Medicine,
Daegu Haany University

ABSTRACT

Objectives : Sparganii Rhizoma is frequently used in traditional herbal medicine for treatment of blood stasis,
amenorrhea and functional dyspepsia and has been reported to exhibit anti-oxidant, anti-proliferation and
anti-angiogenesis peoperties. In this study, we investigated the cytoprotective effect and underlying mechanism of
Sparganii Rhizoma water extract (SRE) against oxidative stress-induced mitochondrial dysfunction and apoptosis in
hepatocyte.

Methods : To determine the effects of SRE on oxidative stress, we induced synergistic cytotoxicity by co-treatment of
arachidonic acid (AA) and iron in the HepG2 cell, a human derived hepatocyte cell line.

Results : Treatment of SRE increased relative cell viability and altered the expression levels of apoptosis-related
proteins such as Bcl-xL, Bcl-2 and procaspase-3. And SRE also inhibited the mitochondrial dysfunction and excessive
reactive oxygen species production induced by AA+iron. In addition, SRE activated of AMP-activated protein kinase
(AMPK), a potential target for cytoprotection, by increasing the phosphorylation of AMPKo. at Thr-172. Morever, SRE
increased phosphorylation of acetyl-CoA carboxylase, a direct downstream target of AMPK.

Conclusion : These results indicated that SRE has the ability to protect against oxidative stress-induced hepatocyte
damage, which may be mediated with AMPK pathway.

Keywords : Sparganii Rhizoma, hepatocyte, mitochondria, oxidative stress, AMPK
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1. A=

o2 Y PAHDaegu, Korea)olAl ?‘Q’ETM
200 g& = 1.5 Lol ¥aL 3AI7F Bt 7HEste],
FEU T FEES AZE 1X oHsta, 300 mm
filter paper (Toyo Roshi Kaisha Ltd, Tokyo,
Japan)2 sttt o] oJutllE rotary

evaporator2 719523t 3 ultra—Low temperature
freczerd] 12407159 Yol BAMAY. AW 23
2 FEAAXVIE 54 Axste] £83 5o, AF
F2=(SRE) 7.7 g& ¥om, —20Tof Husto] A
2351t SRE-—] FE2 3.8p%om AEH] A of
(Millipore, USA)2 oju}sF 3

Immunoblot analysisE ¢t p—AMPK, p—ACC,
Bel-2, ) o
anti—rabbit Horseradish peroxidase—linked IgG &
A= Cell Signaling Technology (Beverly, MA,
USA)ellAl - Bel—xLefl gt A=
Biotechnology, Inc, (Santa Cruz, CA,

_ _30 -
pro—caspase—39%] anti—mouse,

Santa
USA)ollA ¢
3l o arachidonic acid (AA)?} rhodamine 123
(CALBIOCHEM O)-& Merck Millipore (Billerica, MA,
USA)olA G351t} 2', 7' —dichlorodihydrofluorescin
diacetate (H2DCF-DA), ferric nitrilotriacetic acid
(Fe—NTA), 3—(4, 5—dimethylthiazol-2-yl)—2, 5—
diphenyltetrazoleum bromide (MTT), S —actin 3
MO, USA)o|A

cruz

A= Sigma-—aldrich (St. Louis,

Qrssiet.

2. AX Aj<F

Human hepatocyteol Al 2= cell line, HepG2
cell& ATCC (Rockville, MD, USA)oA FU3sI S
o, modified medium

Dulbecco’ s Eagle’ s
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(DMEM)©]| 10% fetal bovine serum (FBS), 100 g
g/ml penicillin @ 100 z g/ml streptomycing &3}
3t v A& ANESLY], 370, 5% CO.Z79] incubator
off Al wieFstAtt. 2+t Aol Bt plateo] Al
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(% control) = 100 X (absorbance of treated

sample)/(absorbance of control)].
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A8l 20 mM Tris CI (pH7.5), 1% Triton
X—-100, 137 mM sodium chloride, 10% glycerol, 2
mM EDTA, 1 mM sodium orthovanadate, 25 mM
b—glycerophosphate, 2 mM sodium pyrophosphate,
1 mM phenylmethylsulfonylfluoride®} 1 mg/ml
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AlA, 15,000 xg® 3087 A4 wsto] wHdE
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T
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system (Ultra—Violet Products Ltd,, Upland, CA,
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1. SRE9 AA+iron® F =9 apoptosis A3 &3
AAZ = HepG2 cellof| A AFSEAEH A} apoptosis
QUSHE, ironA el AAE HEE EHS Z7HA
Ak, webd 2 A3oA= HepG2 cellol4] SRE9]
AA+iron© 2 S apoptosis A5 TE5H] ¢
lo] MTT assayS ZI8YstHth MTIT assay® 300 g
g/ml FE=7MA] AE5dE 4% 21 542 UE
UA] ¢Fkth(Data not shown), I EZ H A& ofA]
SRE 1, 3, 10, 30, 100, 300 yx g/ml9] ===
MTT assay2S A3ttt 1 A3t AA+irono] 28|
A3 AZ AJESES SRE 5= o&EF 0T ZVl8l=

=
=
7

L

R

e HEtii/lew, 30-300 x g/mle] F&=ofA 7t
& B Alx HEeS YUeEtitle (Fig. 1A).
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immunoblotting2 Z Y5}t SRE= HepG2 celld]
AA+iron  AHZ A] ZASH= Bel-2,  Bel—xL,
procaspase—32] ©#lA FLE #AS| A5t

(Fig. 1B). o]g]3t 2352 HepG2 cello|A] AA+iron
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kol Gtk AL LeRi
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Fig. 1. The effect of Sparganii Rhizoma Extract (SRE) on hepatocyte
viability

(A) The effects of SRE on cell viability were assessed using MTT
assays. HepG2 cells were treated with various concentrations of SRE
for 1 h and were continuously incubated with 10 uM arachidonic acid
(AA) for 12 h, followed by exposure to 5 uM iron for 1 h.

(B) Immunoblottings for the proteins associated with apoptosis.
Immunoblot analyses were performed on the lysates of HepG2 cells
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that had been incubated with 100 pg/ml SRE for 1 h, continuously
treated with 10 pM AA for 12 h, and then exposed to 5 pM iron for
1 h. The statistical significance of differences between treatments and
either the vehicle-treated control (**p<0.01) or cells treated with
AA+iron (#p<0.05 or ##p<0.01) was determined.

2. SRE9] tstad

AAtirono] o AMSVH AmdAm e ThEd
ROSE  mlEEESlolte]  HsgelE gt
apoptosisE doxltt webA 2 Ao A W
9] ROSE DCFH-DAZE ©o|&3}o] ELISA microplate
reader® 243}ttt 1 A3} AA+irono]| 23k ROS
9] $7h= SRE A= Qlaf A= Urh(Fig. 2).

£

25
L

=]

o

=]

(5]

H:O:zproduction (fold)

=]

Abd+iron
SRE (100 pa/mi)

Fig. 2 Inhibition of hydrogen peroxide production by Sparganii
Rhizoma Extract (SRE)

H202 production was monitored by measuring DCF fluorescence.
The H202 production was assessed in cells that had been treated
with 100 pg/ml SRE for 1 h, continuously treated with 10 uM
arachidonic acid (AA) for 12 h, and then exposed to 5 pM iron for
20min. SRE treatment attenuated AA+iron-induced reactive oxygen
species (ROS) production. Results were confirmed by three separate
experiments. The statistical significance of differences between
treatments and either the vehicle-treated control (**p<0.01) or cells
treated with AAtiron (##p < 0.01) was determined.

3. SRE®] mitochondrial dysfunction A3 &3}
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(mitochondrial membrane permeability, MMP)<
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cytometric analysisE E3] MMPE =43}t v
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Fig. 3 Abrogation of mitochondrial dysfunction by Sparganii Rhizoma
Extract (SRE)

(A) Mitochondrial membrane permeability (MMP) was investigated by
using flow cytometry. HepG2 cells were treated with 100 ng/ml SRE
for 1 h, continuously treated with 10 uM arachidonic acid (AA) for
12 h, and then exposed to 5 uM iron for 40min. The cell were
harvested after Rhodamine 123 staining.

(B) AA+iron treatment increased the subpopulation of RN1 fraction
(low Rh123 fluorescence), as indicated by the left shift of
population. The statistical significance of differences between
treatments and either the vehicle-treated control (**p<0.01) or cells
treated with AA+iron (##p<0.01) was determined.

4. SRE°| 23 AMPK pathway 243}
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AAtiron® FEH HEZEol 7|gAo) 9 4kEHA
24g AT A Ao, SRE 100 1 g/mlg
HepG2 cello] dAZ Azt Agjste] &gt Ax,
SRE& AZF o|&F o g AMPKO| QM4EE ©% 57t
AlZLAL, 302 -6A7 oA 7Y =2 B4e el
t}, 183, AMPKQ downstreamQl ACC2] <QlAks}
3 SRE°|| 98l 27|A%e] 7tk A& FsH
th(Fig, 4).

P-AMPK S
P-ACC e ame - -
p-actin | cum— e - -—
0 10°  30' 1h
- - + +  SRE (100pg/ml)

Fig. 4. AMPK pathway activation by Sparganii Rhizoma Extract
(SRE)

Immunoblot analysis were performed on the lysates of HepG2 cells
that had been treated with SRE (100 pg/ml) for the indicated time
period. Equal protein loading was verified by B-actin immunoblotting.

—sitosterol, [ —sitosterol-3—3 —D—glucuronopyranoside,
3—(4—hydroxyphenyl)—2—propenoicacid, sorbose,
1-0O—-B —Dglucopyranosyl—(2S,3R,4E,87Z)—-2—
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