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Abstract The dried fruit of the Rubus coreanus, which is well-known in Korea and referred to as “Bokbunja,” has been
employed as a traditional medicine for centuries. This crude drug has been utilized in Korea for the management of
impotence, spermatorrhea, enuresis, asthma, and allergic diseases. Our previous study demonstrated that the ethanol extracts
of R. coreanus have anti-inflammatory effects. The principal objective of the present study was to conduct a comparison
of the anti-inflammatory effects of the ethanol extracts of R. coreanus and R. occidentalis, here, we tested the unripe
(URCE), half-ripened (HRCE), and ripened fruits (RCE) of R. coreanus, and the unripe (UROE), half-ripened (HROE),
and ripened fruits (ROE) of R. occidentalis. We found that URCE, UROE, HRCE, and HROE reduced the production of
nitric oxide and prostaglandin E, as well as pro-inflammatory cytokines in lipopolysaccharide-stimulated RAW264.7
murine macrophages. Interestingly, the R. coreanus extracts showed stronger inhibitory effects on the production of these

inflammatory mediators than the R. occidentalis extracts.
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2 FEd uet fFE4E P Alolg BAH6-R). EF
HE2Q R coreanus= FHOlA 3 (diabetes mellitus), 43S
7+E (sexual disinclination), & 2}5(spermatorrhea), =% (enuresis),
2] (asthma) ¥ L 27] A- FWe] X5l A3 ATH9).
ol¢} v, QY F BEAZ LA U= R occidentalise
2F3}(antioxidation), 4148 2] 4| (anti-angiogenesis) % A =%
(esophageal cancer)oll &7} e ASE HIEo] JATi10-12).

ANk S8 B9 A9 Ee 23 &4 53 v
Al =¥, 954 A2 3K(inflammatory bowel disease), THiHA 73}
Z(multiple sclerosis) 2 AF7FA S A $Hautoimmune disease) 5]
A2le] Hr}, o]2)3F W8-S macrophage, neutrophil 3} 7+ W
A#d AEEo] UFA cytokine, prostaglandin(PG) E,, nitric
oxide(NO) ¢ HF/NEEES Byldt] LA drh(13-
17). NOE cytokine®] A= FEi= w|AlEe] Fqjoz <la] ME7}t
243} Ho] MAEE ZCE nitric oxide synthase(NOS)°l ]3]
L-arginine® 2 5B A E T NOSE  neuronal NOS(NOS,
NOSI1), inducible NOS(NOS, NOS2) =123 endothelial NOS
(eNOS, NOS3)¢] 3577 EAlgit). o]F INOSE H5HHS =
daed Fa3 92 G99t o, iNosel <& 7
NOx= 84 HF(septic shock), 2 &4, FulEls #dY
(theumatoid arthritis) &3} 2 A& f¥sl= UAEAS 3
Holth(16-18). PG= T M EZKE] cyclooxygenase(COX)2t
£ &2 s AAE) coxe ¥ F77F A COX-1
< O] Aol EAls, PG Foigit) HHH, COX-
2% growth factors, mitogens, cytokines 53} 7+ 22l <]3|
o) F7lso] tEe] PGE AATOEN, 5 FWE F
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Wahs 20 = 9EA lrh(19-21).

B A7zl 93t A3 A njdss BERA FE5E0] A&g
BE2 F2E0 vls) 2L dAFEHE BYoH, & FEE
Boe g F2EA FHojd a3 Holes Zo= A
th22). olol], ¥ AFoMe EF BERANR coreanus) FZE3} <)
5 BEANR. occidentalis) =22 YFSEH AelE v

T

Alef

Lipopolysaccharide(LPS), ellagic acidE X33t BE A]f2
Sigma-AldrichAH(St. Louis, MO, USA)IA 792 3tk Dul-
becco’s Modified Eagle’s Medium(DMEM), fetal bovine serum
(FBS), penicillin ZZ2] 3L streptomycin> HycloneAK(Logan, UT,
USA)ll A FU&FATE CellTiter 96* AQ,,. One Solution3}
Griess reagent system< Promega*l(Madison, WI, USA)9lIA] <
31913, PGE, enzyme-linked immunosorbent assay(ELISA) kit=
R&DAH(Minneapolis, MN, USA)IA 9] 81T}, Tumor necrosis
factor-o TNF-a)2}  interleukin-6(IL-6) ELISA kiti= eBioscienceA}
(San Diego, CA, USA), cell extraction buffer= Biosource Inter-
national*H(Camarillo, CA, USA), 22|32 iNOS2} COX-2 A=
BD BiosciencesAH(San Jose, CA, USA)ZH-E +1315ch

SEX FEE M=

EZ BEAR coreanus)2t HAE BEANR. occidentalisy= 7
A% Ao 27 A FHke ARSI A& T8
Agtistae] AFE PAZFEEEH =S W) dEe
ol g3l FEEE UENLH, B AP AMEE FEELS
vl < EEZ(unripe fruits of R. coreanus, URCE), EZ
J& B-5-A(half-ripened fruits of R. coreanus, HRCE), EF
B X2} (ripened fruits of R coreanus, RCE), 2|#|& v]Ad<%
B 52} (unripe fruits of R. occidentalis, UROE), $|2|& F7H%
-5 2} (half-ripened of R. occidentalis, HROE) 12|13 < A
% B8 A (ripened fiuits of R. occidentalis, ROE)°| T}, 252,
E&2A 5080 95% eSS 1LE 7kste] $f/ & 3k
, ©] L 33 WHERA e FEES Y T, oA
3 ZE EE X Bl FAARINNAG 74 FE2E]
E< URCE 13.98%, HRCE 37.72%, RCE 42.92%, UROE
16.76%, HROE 25.38% ~12]3Z ROE 41.86%°]it}.

tlo rlo ¢lo

Hy i oy

j&toZ:O{NH'ﬂ

R A YR

HPLC #M=#A

zt BE7 g FE5ES 10mgml FE2 &34 =
0.4 pm= 7351 HPLC wAAIE2 ARS8}t HPLCE Agilent
1100 system(Palo Alto, CA, USA)S A}ME-3FR2™, Eclipse
XDB-C18 column(4.6X250 mm, 5pum, Agilent)S AM&, &<
| mL/minZ FX8}33L, water : methanol : acetate =5 : 2 : 93(A,
VIV 8:2:90(B, vWN)E ol FAAL R Blod 4/14/25/37 min, 5/
35/60/100% B gradient=2 £4]3t0o0, A& AoA FF
254 nmof|A] o] Foi .

M| =Bl ¥

RAW264.7 murine macrophagese -4 £33 (Seoul, Korea)
S 2RE FYAL, AEHYE DMEMe 10% FBS, 100 U/mL
penicillin, Z2]3. 100 pg/mL streptomycing F7}3F 718 ARE-3}
Fon, WY E o8&l 37°Ce 5% CO,S A8t

FEE FHTEA 343

M= SHoiF &l

7t B} 3289 AE 5T ER1E CellTiter 96" AQ,,
One Solution AssayS ©]83} ZA3ITh. RAW264.7 M EE
96-well plateo]l 2X10%welle] H=S BFa 1247+ w31
o}z BRA FEES 0, 50, 100, 200 =& 400 pg/mLe] &
2 APt 2477 Bt g & A XSRS SHsTh

Nitrite S8

RAW264.7 A|EE 24-well platedl] 5X10%wello] =% 233}
312417 wieFEATh 7 BEA FEEE 0, 50 100, 200 =
400 pg/mL3} Lipopolysaccharidee(LPS) 1 ug/mLe] HE=2 FA A
7 EE= LPSE = Aste] 18A]7F uidslsith. Nitritedke] =
A& Griess reagent system(Promega)2 ©]-&3le] =431t}

PGE2| &3

RAW264.7 NI EZ 24-well platel] 5X10%welle] HEE 233}
31247 wFEiTh 2 B 558 400 pg/mlF LPS
1 pgmLe] TEE A 2] e LPSE T5 *2|ste] 18A]%F
a3t PGE,2] 232 ELISA kitE ©]8-3l] &35t

iINOS2} COX-2 CHHE disi oF &3

RAW264.7 NI EE 60 mm ¥ Ael 2X10%welle] HES £
Fta 1247 Witk 72t B8R FEE 400 pg/mL LPS
1 ug/mle] T2 FA X2 T LPSE 95 2|3l 18217
ajFalch. vl F AEe W7 PBSE A F, AlEE 100 uL
o] AE £3]9(200mM Tris-HCI, pH 7.5, 125mM NaCl, 1%
Triton X-100, 1 mM MgCl,, 25mM B-glycerophosphate, 50 mM
NaF, 100 uM Na,VO,, 1mM PMSF, 10 ug/mL leupeptin, 10 pg/
mL aprotinin)ol] 5], 4°CollA] 2087 ¥R F U4l et ©
WAS At AojR Tl AL 79%(NOS)SH 10%(COX-2) SDS-
ofm Holujo| = AlAtollA #7]9%F F nitrocellulose membrane®
2 7 FA 9| v50ld AL AAAF]7] 98] membrane
< 5% BA o] ¥3E TBST(S0mM Tris-HCIL, pH 7.5,
150 mM NaCl, 0.1% Tween20)2 A7+ A&l wjFaiict.
% INOS9} COX-29] specific antibodiesE ©]-&-3l] 4°Col|A] 1w}
Al BEEAIZATE INOSSF COX-2 d 2 horseradish peroxi-
dase(HRP)7} E¢}2):= secondary antibodies® 2|4 2417+ b
% ¥ chemiluminescence reagents(Amersham Biosciences, Piscat-

away, NJ, USAYE o|&3}e] #915}9]c}.

SN cytokine2| X

RAW264.7 A EZ 24-well plate] 5X 10%wello] HEE BFa}
312A7E st 24 BEA FEES 400 pg/mLF LPS
1 pgmLe] 52 A 2] EE LPSE &= gsle] 244]7F
ittt vl & dE YL o]&3te] TNF-a9} IL-65 ELISA
kit2 S sk3ict

SHEN

ddd7e] FAANEE 33 o] AFE R I AR
S GraphPad Prism 4.0 software(GraphPad software, San Diego,
CA, USA)Z o|&3l9 one-way ANOVAS AAE31, 2+ A|8
7+ EAA 594 Duncan’s multiple range tests® 723}
ok p<0.05 o)3d it FAA FojAdol e Aeg AT}
At
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Table 1. Changes of ellagic acid contents in Rubus coreanus and
Rubus occidentalis during the fruit ripening

Species Origin Sample" - g/?:ia tg(l)ilag::ract)
R. coranus Korea URCE 4.09
R. coranus Korea HRCE 1.18
R. coranus Korea RCE 0.63
R. occidentalis Canada UROE 1.68
R. occidentalis Canada HROE 1.81
R. occidentalis Canada ROE 0.52

YURCE: unripe R. coreanus ethanol extract, UROE: unripe R.
occidentalis ethanol extract, HRCE: half-ripened R. coreanus ethanol
extract, HROE: half-ripened R. occidentalis ethanol extract, RCE:
ripened R. coreanus ethanol extract, ROE: ripened R. occidentalis
ethanol extract.

a1 % g

SE24 EF ¥ MssY¥ RSMEEE, ellagic acide| &E
o| i3}

EZ EEAS} 9T EuAte &5z e ellagic acid &
S v)ws] HQkth(Table 1). Table 19] YER} U5o0] EF 2E
Ate] eEFEEA URCEZ} g3 4.09mge] T2 Bgon,
HRCE= g7 1.18mg, RCE g3 0.63mgl & Aswol we} =2 &
o] ZAagE HAY. YT HEA Z$els UROEZ} g7
1.68mgo|3om, HROEE g3 1.81 mgl & tEiol3dt zlo]E 1}
Ehfloy, ed A<E ROEH} 22 9= g3 052mge 2 7P
e g JERNTE RubusE el F 8482 ellagic acide]
o] EF 2 9Fe] BEAe] A&=d ug A A 3
= Ao® yepgon ellagic acid ©]9]¢] AsEed WE F H&
AR g Wsle 3% F718e A7t Besita AzEd

T SEX2} 22E S2X FE29 MESY =

URCE, UROE, HRCE, HROE, RCE ¥ ROE2] AH|EEA] of
£ IS 7 BEEA FE2S 50, 100, 200, 400 ug/mLe)

2.5

Cell Vlablllty (A 4()0)

0.0 -

URCE UROE

B 0 pg/mi,  EEEEE 50 pg/ml.  HEEEE 100 pg/mL

axe FEE

HRCE

FEZ w2 macrophage M EFQ RAW264.7 Mol 24A]7F

A F AESY 955 FAsNoY o HEA 252 A
E5AL 400 pgmLe] Te=oME FEEA] GokrhFig. 1).

EZ SEX2t 221E 52X £522 NO ¥ PGE, MMy
Mzt

Al 542 42§z LPSE macrophageol] *2]alA] =d &
34 cytokine, NO, PG} 72 d5uHg-e] uj7fj &2 E0] A H
o] W wkgo] dojubAl Hrh(13-17,19,20). RAW264.7 4|
of LPS(1 pg/mL) @5A2] &2 LPSe} 7t BEEAL FEES 50,
100, 200, 400 pg/mLe] F=2 FAl A3 ¥ 7+ B8A F
ZE 9% NO AHAAEAE RIS LPSe] 2%k NO
A Al Exe EFH YHF BEAY nAds 2 S4E
FZEA AT 4 AJTKFig. 2). URCE, HRCE, UROE,
HORE EFA X <&23 NO A az7F S=e
U, EF EE2 %89 URCE®} HRCEZ} 9% 28z
ZE° BlE 2420 NO A4 A &3E JeEndY. As
B2z F2E2 EF 52X} QEF 224 EFA LPSel
o3 NO AgdAgas #&e 4 glo, o|F AgelM= RCE
¢} ROEZE Al9lstx %3 ik 919 AP29 EF Rl
73S HfE EEAS} 2] ABFE(50, 100 pg/mLeIM = f24
UE(@P<0.05) NO BAGAEE B HF 2EARY d9
Za37t Hold Aoz F=F 4 gl

2oz, 45Nk ® o A wiyiEE F shu<l PGE,
Ao g zt BEA} 2589 3= HESINT. 2EE400
pgmL)e] Z+ BEAF =252 LPSS s RAW264.7 Al Eef
g ¥, wjXF¢ PGE,° ¥=& Z% 3 A3 URCE, UROE,
HRCE, HROE 7oA f2]%<l PGE, A4A a5 #23
T ANeH, EF B2} ojfE BEAte] PGE, AHGA R
Fol] tigt zol= AHEA LUYThFig. 3).

T SEX2t 2HiFE S=EX F£&22 INOS ¥ COX-2 ¢t
A WM STt
HSukS mivlE=<e] NO9H PGE, = 712 NOS9t coxals &

HROE RCE ROE

B 000 pg/ml. I 400 pg/mlL

Fig. 1. Cytotoxicity of the ethanol extracts of Rubus coreanus and Rubus occidentalis against RAW264.7 cells. Cells were treated with 0,
50, 100, 200, or 400 pg/mL of various extracts for 24 hr. Cell viability was determined using the CellTiter 96" AQ,,,. One Solution Assay. The
results are expressed as mean+ SEM from four independent experiments. Significantly different from 0 pg/ml extracts; **p <0.01 and
***¥p <0.001. URCE: unripe R. coreanus ethanol extract, UROE: unripe R. occidentalis ethanol extract, HRCE: half-ripened R. coreanus
ethanol extract, HROE: half-ripened R. occidentalis ethanol extract, RCE: ripened R. coreanus ethanol extract, ROE: ripened R. occidentalis

ethanol extract.
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I 400 pg/mL

Fig. 2. Inhibition of lipopolysaccharide (LPS)-induced nitrite production in RAW264.7 cells by the ethanol extracts of Rubus coreanus
and Rubus occidentalis. Cells were treated with 50, 100, 200, or 400 pg/mL of various extracts in the presence or absence of | pug/mL LPS for
18 hr. The concentrations of nitrite are indicated in Materials and Methods. Significantly different from LPS-stimulated cells; *p <0.05,

*%p < 0.01 and ***p < 0.001.

PGE, (ng/mL)
— — 3o} o I w2
w o w (=) W o W
N (N .

_J
0
Control LPS URCE UROE HRCE HROE
Fig. 3. Inhibition of lipopolysaccharide (LPS)-induced prostaglandin
E, (PGE,) production in RAW264.7 cells by the ethanol extracts
of Rubus coreanus and Rubus occidentalis. Cells were treated with
400 pg/mL of various extracts in the presence or absence of 1 ug/mL
LPS for 18 hr. The concentrations of PGE, are indicated in Materials

and Methods. Significantly different from LPS-stimulated cells;
*x¥p <0.001.

2ol ofa) AFA Brk ol BEE BRA FEE4 ©F NO
¢} PGE 2] AFAA T} o]EL A3 INOSSE COX-29)
il d@doA o] 7Q1sk=rte] GRS ol dWuAd g
western blot BHH o 2 FA}EIIC) RAW7647 M2 LPS(1 pg/
mL) ©5X2] T LPS9} 7zt BEA FEFES 400 pgmLe] =
T2 Ao AEd T 18A)17 E< ) oka}ai ot 2 A3} LPS
Aol osl F7He INOS @jFe] WHE 7z Bz FE2E
(URCE 80.1%, UROE 75.6%, HRCE 57.3%, HROE 25.3%)°]

AN = AL EIEKIT. o] AAZRE EF i} 9

5 el M3 INOS @il ASAS UL ¢

g # ‘mic}(ﬂg 4A %IZ“JO 3 33 %%6}5 _Ci chay 2l
?l COX-2 Tid iy o] ®isie nNOS g3} YA, LPS
Aglol] o] F7he dAS 7} EEA FEZE(URCE 49.8%,
UROE 28.4%, HRCE 32.3%, HROE 266%)°l WarFe A
£ 4o, EF BEAF YF A v]s) LPSel <&

=¥ COX-2 & ¥d ¥ F2EH} 2-99E AU

ChFig. 4B). o] 3e] Z#EL e A, EF 524 F2

o] LPSel 9% dAFNHE R Al nNossaP COX-2 D’rﬂﬁ" A
ul

6—4 o];Q_ 7})\ ;\1-74 NO
s vepfH, olgg & %%V“ i]aﬂz ;ch}oﬂ H] H B
BEEA7F g3k 2oz AAEHIA
EZ S22t 22iE S&X
x| S3f

TNF-02} IL-6 7228 934 cytokine= HEHH-2 wl7lisl=
AR, 53] 7] 4593l Fo] s Atk 7+ BEz)
ZE5o| 94 cytokine] A vx= F3kS Bzslr] 98,
RAW264.7 M| X LPS(1 ug/mL) ©5*E] & LpSe} 7 B8
A} FEFES 400 pgmle] FEE 24A17F X2 &, wjA 2 2y
H TNF-a9} 1L-69] ¥=5 ELISAMYHC® =4313th. URCES}
UROE®] LPSeol| 2§ TNF-a2] AAGAEL 22t 57.3%, 37.4%
2 EF B2 FEE50] A9 (p<0.001), HRCE(28.1%)%}
HROE(32. 15%)7re] ol BRI & = UNUTHFig. SA). ZF B+
2} FEE 93 1L-69 BAYIAEZHAE TNF-ast A
URCE(65.6%)7F UROE(35.7%)°l ¥1&l IL-62] YA gzt
o|F oz B3l thFig. 5B).

£ AYE B3 BEA FEEC] 43S vEks tds
AAHNO, PGE,, 9354 cytokine)®] A4S A= axr) 9l
on, o]2d FAF A= EEA ] AEro| uet Bz}
fEe] AE ellagic acidE X33 22} TlARAME-Q] Sk 7]9]
e Aoz dAntEw, BEF BEA7) Qg EE A vla) &
A5art 453e Rl

I F=E22| TNF-o2t IL-6 44

)
-{X‘ ﬁ.ulE

0]

of

FA 710l A @7]5-7 (impotence), 3 YT
(spermatorrhea), %h%(enuresis) A2 (asthma) 2 & 31127] S|
AW o] g2 AMRET AE EE BEINR coreanus)St 22
F BEAHR occidentalis)®] FAFEHS vlal, B4 2z
ot 2 A3} EF BEERE] g FEE0] YHF Al
o

grE F=2o vlazsf LPS Azlel 23 No9| A48& #A 3

B e Bae

ro )Iv ml
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(A) (B)
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L ————————————— B-actin s —

3.09 3.5
254 3.01

3 sl ‘;; 25

é—j 1.5 i'— 20

z S 15

- o

2 1.04 &

3 5 1.0
0.5 & 05
0.0- 0.0~

Control LPS URCE UROE HRCE HROE Control LPS URCE UROE HRCE HROE

Fig. 4. Suppressive expression of inducible NOS (iNOS) (A) and cyclooxygenase 2 (COX-2) (B) in RAW264.7 cells by the ethanol
extracts of Rubus coreanus and Rubus occidentalis. RAW?264.7 cells were treated with 400 pg/mL of various extracts in the presence of 1 pg/
mL LPS or with LPS alone for 18 hr. The 50 pg of protein obtained from each cell lysates was resolved on 7% and 10% SDS-PAGE for iNOS
and COX-2, respectively. Western blot analysis was performed as described in Materials and Methods. The expression of iINOS and COX-2 was
measured by densitometry.

(A) (B)

70 4
60
:1 504 F koK

a40_ ok ok

m

-0 (n

30 + *k

IL-6 (ng/mL)

‘NF

= 20

10

0_

Control  LPS URCE UROE HRCE HROE . Control  LPS URCE UROE HRCE HROE

Fig. 5. Suppression of lipopolysaccharide (LPS)-induced tumor necrosis factor-o. (TNF-o) (A) and interleukin-6 (IL-6) (B) production in
RAW264.7 cells by the ethanol extracts of Rubus coreanus and Rubus occidentalis. RAW264.7 cells were treated with 400 pug/mL of various
extracts in the presence of 1 ug/mL LPS or with LPS alone for 24 h. The cell culture media were then collected, and the amount of TNF-o and
IL-6 released within them was measured as described in the Materials and Methods. The results are expressed as mean + SEM from four
independent experiments. Significantly different from the cells treated with LPS-stimulated cells; *p < 0.05 and ***p < 0.001.
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