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ABSTRACT

The fruit of Prunus mume Siebold & Zucc. has been used as an alternative medicine and functional
food in Korea and Japan for preventive and therapeutic purposes. However, its molecular actions and mechanism
on anti-inflammatory activity have not been clearly investigated. The aim of this study was to clarify the anti-inflammatory
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activity of the ethanol extract of P. mume fruit (EEPM) in lipopolysaccharide (LPS)-stimulated RAW 264.7 cells, and

sought to understand the associated molecular mechanisms.

Methods : Cytotoxicity was assessed by an MTT assay. The amount of nitric oxide (NO) production was determined
by nitrite assay. The mRNA expression of inducible nitric oxide synthase (INOS) was analyzed by RT-PCR. In
addition, expression levels of iINOS, nuclear factor-erythroid 2-related factor 2 (Nrf2) and heme oxygenase-1 (HO-1)

protein were detected by Western blotting.

Results : Our data indicated that EEPM inhibited NO production in LPS-stimulated RAW264.7 cells in a concentration-
dependent manner. At the mRNA and protein levels, EEPM suppressed LPS-induced iINOS expression. On the
other hand, EEPM markedly enhanced HO-1 expression, which was associated with an induction and nuclear
translocation of Nrf2. Moreover, the inhibitory effect of EEPM against LPS-induced NO production was significantly
enhanced by hemin, a HO-1 inducer; however, EEPM'’s effect on the production of NO was abolished by zinc

protoporphyrin IX, a HO-1 inhibitor.

Conclusion : The results suggest that EEPM can act as a suppressor agent on NO production through an activation
of Nrf2/HO-1 signaling pathway, and may be a promising candidate for the treatment of inflammatory diseases.

Key words : Prunus mume, NO, HO-1, Nrf2, anti-inflammatory activity
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) 2] 4| 3 (macrophage)
ZHRE 23 2AMEZ AFHESl

Slal Stk oA AMEd WisAR G#X lipopolysaccharide
(LPS)9] A= wol AFHEgo] UoLp interferon—y
(IFN—v), interleukin (IL)-1B, IL-6 3 L d=A
WA ¥ 35 inducible nitric oxide
synthase (iNOS)$} cyclooxygenase—2 (COX—2)¢] &S
538t nitric oxide (NO) 2 prostaglandin E.%}
2o gFs A5l 2xEe] Aol dEukgol

cytokineS
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Nuclear factor erythroid 2-related factor 2 (Nrf2)
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olgA= 3A3}e] antioxidant response element
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o}, Azx=wE vjd 100 g B ethanol 1 LE #7138}
60C, 150 rpmoZ 3Y7F Wyl & A=oin; B
ko] 3,000 rpmolA 2087F AAEIHAA A A7

E AASSILE FEES o938 & Rotary evaporator
(Eyela, A—1000, Tokyo Rikakikai Co., Tokyo,
Japan) & ©]&3le] FF3AL, ¥FEES 4 dAx
sl B3I AT o] dimethyl sulfoxide (DMSO,
Sigma—Aldrich Chemical Co., St. Louis, MO,
USA)E ©°]&3te] 100 mg/mle] X2 ¥ ths
—20Co] H#AsAa, AFEA AA sz wjA ol

s Alate] Aelaol

2. A aF

RAW 264.7 2 H¥E= American Type Culture
Collection (Manassas, VA, USA)olA F43}e],
10% fetal bovine serum (FBS, WELGENE, Daegu,
Republic of Korea)e] ¥Hr¥l Dulbecco’s modified
Eagle’s medium (DMEM)& A}M&3&te] 37C, 5%
COy MlF7Iol A wiFatlom, Mzl F2d &
A= @S st Aste] 2-39e HHo=R

AEE BHAL F AR5 AES FAS

3. MTT assay°ll & MNXE AEE 24}

RAW 264.7 diA M| F2]o| w|X]= EEPM9] <
¢S Al fete] AME wdE 6 well platel
3X10° cells/well2 AxES BFen A4 Fx9
EEPM ¥ 100 ng/ml® LPS (Sigma—Aldrich
Chemical Co.) ©% 3 EEPMS 1 AI7F AAg &
LPSE Hg&3ith 24 A7 3 wixE AlAst
3—(4,5—dimethylthiazol—2—yl)—2,5 diphenyl tetrazolium
bromide (MTT, Sigma—Aldrich Chemical Co.)&
0.5 mg/ml FE2 3Aste 200 p¥ EFstaw 3
7C, 5% CO, w71olA 2417t St tha] whEAIH
o} wkgo] i o MTT A ekS A7 8ka DMSOS
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2 m 7} wellell 53l AAE formazans EF
=0] & 96 well platee] 200 p® 74 enzyme—linked
immunosorbent assay (ELISA) reader (Molecular
Devices, Sunnyvale, CA, USA)Z 540 nmol 4]
= H3E SASIY dizatdd st AXAAEES
&= BAET

12 oot
ME ok

4. NO BR% 573

LPS A=l 2%k RAW 264.7 tAA|3E2] NO A4
o] mX|&= EEPMO &S HAES7] $ste] vfgd
W] nitrite ¥%% Griess reagent® ©]&3lo] =3
AT o] $5ke] RAW 264.7 A HH &
%ol EEPM ©%, LPS (100 ng/m)¥5 E& EEPM
S 1 AR A F LPSE AHFske] 244]3F njest
T AE NS FAS T gl 100 plet 5
9] Griess reagent? 2F(Sigma—Aldrich  Chemical
Co)s oA Hkg A7l F ELISA reader® 540

sodium  nitrite

5. 3} N¥F gufze] £

EEPMe| #hsastel dddste] ah AlzdeA
Nrf2¢] @&d oFdS nlasky] $48] 6 well plateol
RAW 264.7 diAAEE 2538t s &
EEPME 1 AIZF AA 3tz LPS (100 ng/mDE *
g3ttt A A & AIEE Eol Nuclear and
Cytoplasmic Extraction Reagents Kit (Pierce Biotechnology,
Rockford, IL, USA)E Ah&ate] 3} Axde &
s,

6. & 9WA9 £, A7]9%5 Z Western blot analysis
EEPM Ao w& we oA x4 o
Wske] #EES st FHlE A AEE] lysis
buffer [25 mM Tris—Cl (pH 7.5), 250 mM NaCl, 5
mM ethylenediaminetetraacetic acid, 1% Nonidet—P40, 1
mM phenymethylsulfonyl fluoride, 5 mM dithiothreitol]
S A7k 4TCelAM 1 AE ol WAl F
14,000 rpmO.® 303 A4 Fejste] ool 2l
= gEs FEsigitt. Ao Wid skE
Bio—Rad @@ A= A¢K(Bio—Rad, Hercules, CA,
USA)¥} 21 ARl wet A% 3 v 5

Laemilni sample buffer (Bio—Rad)®} &3tsle] sodium
dodecyl sulfate (SDS)—polyacrylamide gelS ©]-83}
o A7]95S AN ©o]& ©Al nitrocellulose
membrane (Schleicher and Schuell, Keene, NH,
USA)©S 2 electrotransferdl] s AojA|7]a F2]&
caldo] Hol® membraned] 5% skim milkE 1 A
b Agete] njEolA ]l duldEe digh blockingS
AT aEan AA 1 A FAE AHEse]
oAlA 2 AZF o] HE= 4°CollA over night WHSAIZ]
U}S phosphate buffer saline (PBS)—T (PBS with
Tween 20)2 A|FalaL 12} Ao 2= 23} A=
ARgate] Aol 1 AR AR RESAIZITH HREo]
€ § bAoA enhanced chemiluminesence (ECL)
solution (Santa Cruz Biotechnology Inc., Santa
Cruz, CA, USA)S HE&A7l t}S X-ray filmel| %+
FAA 54 dide] Wy WgE EAEIY. 2 A
ol A i BAS 9lete] AMEE FAES Santa
Cruz Biotechnology Inc. % Cell Signaling Technology,
Inc. (Danvers, MA, USA)o|A 43 om, 23 &
A2 AFE% horseradish peroxidase (HRP)—conjugated
anti—mouse % anti—rabbit A Santa Cruz
Biotechnology Inc. °lA 433t}

¢

{0

7. Nrf2 HEFFEAY

EEPM®] &dTavtel vadste] Nrf2e] 33t Al
Aol|A W S AA o= gl st WY
AT HS AAEY WA AE wgE 4 well
cell culture slideo] RAW 264.7 thalAXES EF3}
o ¢k4sl A7l & EEPMS AHZskar 1 A|RE Fo
LPS (100 ng/mDE Aatalch. A4 Az A &
4% paraformaldehyde (Sigma—Aldrich Chemical Co.)
7} 359 PBS Mo R coverslipl §2d AEES
10 ¥7F 1143}ar, 100% methanolS *&]dte] A&
of 10 &7k wkeAZ Tk PBSE AXE 4 5, Nrf2
1A (Santa Cruz Biotechnology Inc.)E 1 A7+ =

3}al, fluorescein isothiocyanate (FITC) conjugated

donkey anti—rabbit immunoglobulin G (IgG, Jackson
Immuno Research Laboratories, Inc., West Grove,
PA, USA)® 1 AIRF H Rk&S& A3t oA PBS®
A %, 4,6—diamidino—2—phenylindole (DAPI,
Sigma—Aldrich Chemical Co.) &Moo=z 10 #3+ 3

S I 3 33| (Carl Zeiss, Jena, Germany)
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8. RNA9] £7] 9 reverse transcriptase polymerase
chain reaction (RT—PCR)&] £

EEPMo] 3Hr® Hixlell A wjgs MEE o=
Tryzol® Reagent (Invitrogen Co., Carlsbad, CA,
USA)E °]&3l9 RNAE FE319121, INOSE| primer
(iNOS: 5° CGT GTT TAC CAT GAG GCT GA 3
and 5° GCT TCA GGT TCC TGA TCC AA 3)¢}
ONE—-STEP RT-PCR PreMix kit (iNtRON Biotechnology,
Republic of Korea)& ©]&3te] PCRE 333t
o]% FE% DNA AHEE 1.5% agarose gelE AHE-3}
o 100 voltallAl 2083+ Z719E3FaL  ethidium
bromide (EtBr, Sigma—Aldrich Chemical Co.)®
A S UV eellA] sG] oF2e] PCR WH-9] dix
02  glyceraldehyde—3—phosphate  dehydrogenase
(GAPDH: 5' GTC ATC ATC TCC GCC CCT TCT GC
3" and 5' GAT GCC TGC TTC ACC ACC TTC TTG
3NE A&

54 24

Ay ARE9 Tr«] 35 A3 flste] EAHEA
(ANOVA)S AAIRE 5 p < 0.05 F°ll4 Duncan's
multiple range tests® AAISIlow, 7 Aie F
(mean) * XX} (standard deviation, SD)Z 3EA|

shglh.
m. 23

1. RAW 264.7 HAAZY AE BE
EEPM9] 93
EEPMY] 95 a5 AIdxdS AA37] 93t
o] 24A17F F¢F AR L2 RAW 264.7 AXE
At & MTT assays 2AIste] AE AEE H
32 =438t Fig. 19 el A", EEPM

T mAE

2 mg/mi7tA AE AEZY HE JFS A
koo LPSe HAAE S HAFE o9&
dFS WAA Fokr] wEd Hi FEE 2

mg/mlZ A A3 o}

2. LPSE <3 f=5E= NO AA 2 iNOS a4
"] %)= EEPMS] %3k

Cell Viability (%)
3

[}
LPS (100 ng/ml) - -
EEPM (mg/ml) 0 1

Fig. 1. Effects of EEPM and LPS on the cell
viability of RAW 264.7 macrophages. After
RAW 264.7 cells were seeded, the cells were
treated with the indicated concentrations of
EEPM alone or pretreated with EEPM for 1 h
before 100 ng/ml of LPS treatment. After 24
h, the cell viability was assessed using an
MTT assay. The data are shown as means =+
SD of three independent experiments.
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<) S EEEE—
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‘ e |<— iNOS

|— e — __—|<— Actin

Fig. 2. Effects of EEPM on LPS—induced NO
production, and iNOS expression in RAW 264.7
macrophages. Cells were treated with the
indicated concentrations of EEPM for 1 h
before 100 ng/ml LPS treatment for 24 h. (A)
Amounts of NO were determined using Griess
reagent. The data are shown as means = SD
of three independent experiments (¥p<0.05
compared  with  untreated group;  #p<0.05
compared with LPS—treated group). The levels
of INOS mRNA (B) and protein (C) were
assessed by RT—PCR and Western blot analysis
after 24 h treatment. GAPDH and actin were
used as internal controls for the RT—PCR and
Western blot assays, respectively.
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RAW 264.7 A3EolA LPSel 93 fEse 4%
7)1 2k) NO2l A ¥ NO AAdell #Hesli= iNOS
g o] W Zylo| wXE EEPMY 33 AN
At} ol& 9ste] RAW 264.7 Al¥Ee] 1 2 2 mg/ml
o] EEPME 1A17F AX8)8ta, LPSE 24A)7F 2423}
o AFo HA2 WEEE NO9 HAFHS B89
th. Fig. 2Ao] A|AISE vle} o], LPS (100 ng/ml)
s Al o8] dA3 F7FE NO2| AJ4d¢] EEPM
Ax el okl FejFom ATt o]21g NO
A2tz INOS e o] Wstel ddgde] deA
elsl 2 A3, NO A4 At FASHAl mRNA
2 oghld SR iINOS o] A H S oHFig.
2B 2 O).

Lt

B)

Time (h) Time (h)
0 05 1 2 3 6 0 3 6
S} [
. .- 22' <«— HO-1 é EhLaminB
I-.-——] «— Actin 3 «— Nrf2
-]
EEPM (2 mg/ml) 3, ‘ EI <+— Actin
C) DAPI Merge

Nrf2
| ...
+...

Fig. 3. Effects of EEPM on Nrf2 and HO-1
expressions in RAW 264.7 macrophages. Cells
were treated with 2 mg/mL of EEPM for the
indicated times. (A) Nrf2 and HO—1 protein
expressions were detected by Western blot
analysis, and representative blots of three
independent experiments are shown. (B) The
nuclei were fractionated from the cytosol using
Nuclear and Cytoplasmic Extraction Reagents
Kit as described in Experimental part. Lamin B
and actin were used as internal controls for
the nuclear and cytosolic fractions, respectively.
(C) Cells were stimulated with EEPM (2 mg/ml)
for 6 h. Localization of Nrf2 was visualized with
a fluorescence microscope following immunofluorescence
staining with anti—Nrf2 and FITC-labeled IgG
antibodies (red). Nuclei of the corresponding
cells were also visualized with DAPI (blue). The
cells were visualized using a fluorescence microscope.

EEPM (2 mg)

3. Nrf2 A2 &A3}e]| v X= EEPMe] <33t

&< HO-13 HO-19] @S xdahE Akl
201 Nrf2e] wHao| m x| EEPMS] <3S %A}
3t} Fig. 3A°] el nviel o] HO-19
W whglo] EEPM A2 A3t EH o w F7skdl
ow, Nrf2 @& 3 EEPM Az A7 o9& o=
Z7bE] 90tk EEPM A gel o&] ZE7FE Nrf2zp &
o olFHAEAY oARE  FAMEHY] $ldtd]
EEPM7F A )8 Ao Axdz dlg FE35te o]
Sol A Nrize] 2 A=E Bl Fig. 3Bl
Uetd A3 o], EEPM Aol oa] AxA9
Nrf2 4d-S ZAHAI 3 ol A9 Nrfz o]

F719l00, ol WAYFPGAL Bakel Al

A 2
*
20
s #
2 15
2
E 10 pa
H
5 *$
0
& . + + + - - + LPS (100 ng/ml)
- + - + + + - - EEPM (2 mg/ml)
- - - - '+ %+ %+ + Hemin(20mMm)
B)
- e
———————
- - + + + - - + LPS (100ng/ml)
+ - + + + EEPM (2 mg/ml)
+  +  Hemin (20 mM)
C)
| — ¥ ]« inos
—-———..————‘<—Actm
+ 4+ %+ - -+ LPS(100ng/ml)
+ + + EEPM (2 mg/ml)
- + +  Hemin (20 mM)
Fig. 4. Effects of a HO-1 inducer on the

EEPM—mediated attenuation of NO production
and INOS expression in LPS—stimulated RAW
264.7 macrophages. Cells were pretreated for 1
h with 2 mg/ml EEPM and then treated for 24
h with or without 100 ng/ml LPS in the absence
or presence of 20 mM Hemin. (A) Amounts of
NO were determined using Griess reagent. The
data are shown as means £ SD of three independent
experiments (#p<0.05 compared with untreated
group; #p<0.05 compared with LPS—treated group;
$p<0.05 compared with LPS and EEPM-—treated
group). The levels of iINOS mRNA (B) and protein
(C) were assessed by RT—PCR and Western blot
analysis after 24 h treatment. GAPDH and actin
were used as internal controls for the RT—PCR
and Western blot assays, respectively.
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4. EEPM9] NO B4 A9 X+ hemin®] %3k
EEPMe| NO A4 JA @] wx&= HO-19]
FEgFS dotr7] Yste, HO-1 T3 FLA49
heminZ ©]&3}o] EEPMel 93 NO 443 iNOS
g oA WA= dFS AT HO-1 W
d fFmAd EEPMTJr A At
HO-1 < w EEPMel 2Jsf <A
9 NO9 A3 1NOS I JA a%E ¢S
SIS S & °“2;1Ur(F1g 4). =3 EEPM<
234 ¥l hemin AA 2] & LPSZE 24417+ A+
Za9S ol = NOo| A3} iNOSe| o] & A
AL &8l HO-19 S7H7F &4

= KR
T =
SaIer wdo] = AL gl & 5 Utk

hemins

Léi = TI'"—-O}

5. EEPM €] NO AA A9 w|X& ZnPP| |3

oo A ol®l EEPMe] NO A Aol HO-19]
A% BT THsS AlEIE] flstel HO-1 wd
A A Q1 ZnPPE o]-&3le] EEPMel <3 NO A4}
iNOS & Ao wx|= o3s FAlslgdr}. Fig. 5
of Yebdl ukel Zo], HO-1 w3l A4 ZnPPE
EEPM} §HA] A e]sle] HO-1 HdS JAES ol
EEPMel <& oA =A™ NOel A= iNOSe] H
d Ast mdrt FolHo® A Ednk ol g A
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J (NOS)°ll 2]&}e] L—arginine
ozRE AAE #HalHed 27 skolA] iNOSe] <

)

Nitrite (uM)

+ 4+ 4+ - -+  LPS(100 ng/ml)
+ - + + + EEMP (2 mg/ml)
+ + + Znpp (1 M)
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_—
[re——
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| e -  <«— iNOS
I I <+— Actin
+ + + = = + LPS (100ng/ml)
+ * EEPM (2 mg/ml)
+ + + + Znpp (1 pM)
Fig. 5. Effects of a HO-1 inhibitor on the

EEPM—mediated attenuation of NO production
and iINOS expression in LPS—stimulated RAW
264.7 macrophages. Cells were pretreated for 1
h with 2 mg/ml EEPM and then treated for 24
h with or without 100 ng/ml LPS in the absence
or presence of 1 uM zinc protoporphyrin
(ZnPP). (A) Amounts of NO were determined
using Griess reagent. The data are shown as
means * SD of three independent experiments
(*p<0.05 compared with untreated group; *p<0.05
compared with LPS—treated group; ®p<0.05
compared with LPS and EEPM-—treated group;
n.s., not significant). The levels of iNOS
mRNA (B) and protein (C) were assessed by
RT—PCR and Western blot analysis after 24 h
treatment. GAPDH and Actin were used as
internal controls for the RT-PCR and Western
blot assays, respectively.
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