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Inhibitory Effects of Complex of Mulberry Extract on Degenerative Arthritis
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ABSTRACT : Complex of mulberry extract (CME) is composed of extracts of mulberry (Morus alba L.) fruit, mulberry
leaves and black beans (Glycine max (L.) Merr.). In this study, we investigated prevention effects of CME on degenerative
arthritis. The SCs, value of DPPH radical scavenging by CME was 158.49 + 11.35 pug/mL. We found that CME significantly
reduced the production of nitric oxide (NO) and protein expression of cyclooxygenase-2 (COX-2) in RAW 264.7 cells which
were activated by LPS. Experiments using animal model of degenerative arthritis showed that CME (400 mg/kg body
weight) inhibited the production of TNF-a (77.5%) and IL-1p (95.0%). Furthermore, it was observed that CME reduced to
85.9% of paw edema induced by carrageenan. These results suggest that CME could improve degenerative arthritis.
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M 1% HAA| 3} A 9] o)F, S5 B WE T o] dojdrt
2 B3ET Yt (Lee et al, 2011; Carey et al., 2003;

EldAd#-d A  (degenerative arthritis, degenerative joint Sud’ina ef al., 2008; Pecchi et al., 2009).
disease)o| 2t ZTHA (osteoarthritis)o |2} = 3P <4, #H B dE e BE 220 AL FHAL o)L &
719, FAA 84, viRh AgEAo g WHshs AeE S Ao} GHuke AA, o dAle, Avd s, iy
v S2te] titkre w32 Qe HES Heshs Ao gz, JAFE Xgen e 724 X587t o|FoRH F
g &g 95 9 558 FUske Aoltt (Chang er S©] ofd g eFEQHo] F=E o]FoJZI} (Castaneda et
al., 2005; Kraan and Berg, 2008; Yeom, 2013). al., 2012). BBABEH X BARE AL G2l = oA
H4S 2 552 olg}7]EA) (arachidonic acidyS 712 Z A} Eolu] =3 (acetaminophen)Z} 722> ZFA|, ibuprofen

2314 cyclooxygenase (COX) S+ lipooxygenase (LO)Ol indomethacin®} 7+2 H|ZH|Zo]=A YA (non-steroidal
o3 AE= 22T (prostaglandin) 2 FEEZ anti-inflammatory drugs, NSAIDs), 34 o] FASI= 38|
(leukotriene)s} 7+ AT EF, TNF-a 2 IL-1p2} 72 F22F (hyaluronic acid) 2 ZE|Z0]= (steroid) 5] oL}
Alo] &7l NO (nitric oxide)o} 72 ARtElt]Zd 5ol <3| ANBEAF AN Ho|AY e ZAkeks) ks Holw) A
Y gl (Mandhane e al., 2011). @A7EA] &3] AF o}g}l To] Hzgo| o] BT 9t} (Laine ef al., 2008;
2 520] 7|Ae AEEgo g Q3 S|AEN] (histamine) R Boer et al., 2009; Bdouet et al., 2011).

719 (kinin) 5¢] WEE FHPE, mAEE Fd ST H PR T (Moraceae), U (Morus)ell k=
A= daAze] 14, 579l @7 S7h 7%, ¥ (Morus alba L)°] GriEAM 9T, A = S4lele)
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MMXEES S =Ri20| B oMY
I= B A= tE 259 H|F) cyanidin-3-glucoside 2. MAFEIUC| MIT
9} cyanidin-3-rutinoside®} 7+2 FEA]oRd  (anthocyanin) 7l A FEELS AYS HEERE Fot 571sAE oA
S| Ax 9 goFet G714k Z2)9|E(polyphenol) 5°] TF  1kg FH3I TR 2o] AxsIAL FEE HATE AlF
2 SraEo] Qtk (Park er al, 1997; Kim er al, 2003a, 5 50T, 24X7F A3} 2]F8 E7]S o]&3led 700 rpm
2010). A7 L AAte] Al 71T Eede dF o7 SEZF B 3 B Bl 4k (wiv)Q] 50% of gk

= (Kim et al., 1996), &4tsl, &3 a4 (Lee and Bae,
2011), AAAAIA] (Lee and Kim, 2008) & 5o] )

A el oga iz e Fges Bk A
Holli= kaempferol 3-(6-malonylglucoside), chlorogenic acid,
quercetin 3-(6-malonylglucoside) & rutin 52| Z&]#H=o] o
2 ShiEo] Atk (Katsube ef al., 2009). A7 L&zl
A4 Ay 7l5Ed= d9= (Kim and Jeong, 2006),
3oted (Bae and Ye, 2010) ¥ ZFHE (Kim e al,
2003b) &3} 5ol SUth

Al (Ghrcine max (L.) Mer)e %
22 o A& B3] EAZXOE daidzein ¥ genistein
72 isoflavonee] THEF O] U3 Luk tiFol] Hls| tE
AlobdS o] -H3lL ATt (Oh et al., 2002; Kim et al,
2006). FA7HA LR AMelefe] A 7lsEole dA
=4 (Kim et al., 2006) 2 =91/ X% (Shin et al.,
2001) &3} o] St

A AFEFE 28 7Fse A
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1. 2ReIXIFEEEYUe| M

AL (Morus alba Ly= RAeET
A 1kg FH8IAT dAAE s 2
o 700 rpmo2 SE7F B & EE
(W2l 40% olERe G~golog 50CoA 4x7F, & 33] F
=3k e Wzbekal 0.125mm (80 mesh) A2 ZE|olE X~
28 AFHE ARESk] oFstal of7]olA e ofztels o
Al oA (Whatman No. 2)& ARE-3te] Ao a}3it). Ao

r 0

<

7 oAAe 60ToNA 60 brix7FA] 2%t w8kl o714 &
ol sFdE FAAXs FHA FEEES 1132g F
Sslict.
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& FgAoz 60ToA 4AI7E,
0.125 mm (80 mesh) T+2¢] 2<El ARt
of ojFfsiar o 7] e ozl s ThA] of3A] (Whatman
No. 2)F AMgsle] olzialsick. Qoi2] 60CAA 30
briv/HA) 7R} EET o714 Aol 5 TAxs e

A 76.4 g 53T

29 ABYS

FERLS
3. MeJeiFER2o| M=

el (Glycine max (L.) Mer)FEE2 AeE A9
T FFsdolA 1kg Y3t o33k 2ol AxsqTh A
ZeE AlF = AEie] 4l (wiv)el 30% olERE 8
o= 60TColA 4AIZ}, & 33] FE3 ok Wzkskal 0.125 mn
(80 mesh) T+A9] 2H]QIE A 2" AFES ARSI o335}
3L oJ7]elA] e RS ThA] oJFA] (Whatman No. 2)E
AHRgste] o algith dojzl oJAg 60TellA 30 brix7IAl
RF 53t 9714 dojdl w548 sAxsIe] AM2H
12 134.7 ¢ 531

N

H
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4. Complex of Mulberry Extract (CME)Q| HIZ=
dRFEE B AEHFEE T
Mol 23 FAFaA=EES FEFS

A52E 5

AESE,

des Az ol

Mulberry Extract (CME)2} 43}t

5. DPPH Radical 2715 &3

DPPH radical 227159 372 Blios (1958)2] ®¥ell <3|
AP}, 7+ FEE A7 75 ulE oE2d 02mMe] F
=2 =<2l DPPH (Sigma-Aldrich Co., St. Louis, Missouri,
USA)&- 750 uLoll A7¥skarl o] 32 A 675 pLs %
3L TSI Ad=ollA 3087 RESSIAL 96 well plateot] ®F
S 200 uLE %71 5, ELISA reader (Molecular Devices,
LLC, Sunnyvale, California, USAYS AFE-3}] 520 nm &] =}
M FH=E SASAT FeHEZL2EE EGCG
(epigallocatechin gallate)®} Vitamin CE AF&-3}$it}. DPPH
gz A (%) (1A1E J7He] S3EA1E 737
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JABNN-N

T FHE) x 1002] AxkAS
HOLS 50% 2AK= Pad 3
HEAIG Aot
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ARE-BIATE SCsofte A
AEEE pgml TR

Ao o=

6. NIZZ B

uhe-2 PIAA EFQ RAW 264.7 AlES} 17F 74 2521
HepG2 Al S=A| E5-23) (Seoul, Korea)l|x] H-oFigko
o, AlZa]dS $3ll penicillin (100 IU/mL)3} streptomycin
(100 zg/mL) 2 10% FBS (Fetal Bovine Serum)& X3}3l=
DMEM (Dulbecco’s Modified Eagle Medium, Invitrogen,
Life Technologies, Carlsbad, California, USAMIA|E A}&-3}
ATt Bao et al, 2009). AIEXE 37C, 5% CO, ZAoA
Hl%F (SANYO Electric Co., Ltd., Osaka, Japan)3}3itt.

I
s o

7. M (Raw 264.7) S8 =H

Raw264.7 A|E2} HepG2 M X0 thak CMES] =4 =3
< MTT (3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyl-tetrazolium
bromide)HS AAIste] SAIATE (Sladowski ef al., 1993).
Raw 264.7 A1 EZ 96well platedl] 5x 10" cells/well2 F-5-3F
o, 37C, 5% CO°IA 24717 &3t st 2447k
F ol wige] AMEE BiXE AASIAL AIRE 7t TEERE
L33 viAE B3 3 37C, 5% COL0NA 24217F B2t )
stk 2447F 3 7F well B 02% MTTE (in PBS)S
20 uLA F7rske] 37C, 5% CO,el A0 ujdr|olr 34]
7F & WA WhE F uiAE B Ak A E
formazane DMSO (Dimethyl sulfoxide) 200 pLE 10¥%7F
=<2l Th2 ELISA readers ©]83le] 570 nmol|l A S-3=2]
3k2 ST Al AEE (%2 (ME A 3/
AR FAETE] FEE) % 1009] A& ARg-Elth

[e]

8. Lipopolysaccharide (LPS) 5+ NO #Mgt EX
7+ NE7F 45 229 No9 A4S oAshs g
vl A E 9] Raw 264.7 AlXEo) Lipopolysaccharide
(LPS)E A o =A ujdlolr A== NOo eHgske 9
Blel NO, 9 F%E Griess HH3S o] &3lo] =3

(Kwak er al, 2008). WA, FBSS} a4A17F 3-¥ DMEM
A2 ARg-Eled 96well platedl] 1x 10* cells/well2 Al XS &
37C, 5% COBFL7101A 244]7Rs<t viekalAT). 244
F 5 o] wjol] ALEE iR Z AASL FBSS: A7}
FrE] Al N2e W& EF3 & CMES 200 1g/mL
SEE APt MZF T 1 ug/mle] FE=2 LPSE 3
7¥ete] 24A4)7F wkEATt. M ERRS 50 pLet GriessAl 2F
50 ulLE E3t] 102 <t WESAIZ] ¥ ELISA readers
o] g3te] 540 nm oA FHEE 33Tk Nitric oxide 4
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yz=
A5 (0 (115 /1 B2l FYENEE B71e)
A ke vharel FHE)x 1008 ARG o)gate] vEh)
oAk,

9. Western Blotting0ll 2|5t COX-22| &3l &

Cell culture dish (100mm)ol] 5x10* cellsymLE Raw
2647 AEE BF313 37C, 5% CO, 270NN 24x]7Hs<r

HjeFst 3 o wldol] ARS-E wiR|E A ASIAL FBS9 A
A7t FHTEA] > =2 wiAE 538t CMES 200 g/
mL 2 1,000 #zg/mLe] F==Z Raw 264.7 Xl 1417+ A2
5 LPSE 1 ugmLe HE=2 F71= x&ste] COX-29)
HAS F=slth 2487 §, MEE Lysis buffer (20 mM
Tris, 50mM NaCl, 0.05mM EDTA, 10mM MgClL, 0.1%

SDS, 1% Triton X-100, pH 7.5)2 &3]A]17]2L 4CollA

e o

20327F 4,000 g= AT & F SHES AT 5
Aot T2 3Ae 7} TS Western blottingstith. 2t

N

welld 1mge] & TAS 10% SDS-PAGEZ 71953 &
nitro-cellulose 2ol %71 TS, Blocking 8<% (5% Skim
milk, 0.5% Tween in PBS)] ¥l Ao 147+ w3k
%, TBS-T ¢+&58&9 (20mM Tris, 137mM NaCl, 0.1%
Tween 20, pH 7.4)° 1/1,00022 343} anti-COX-2 (Cell
Signaling Technology, Inc., Danvers, Massachusetts, USA)
GHA 4T, 2477F REEAIZITE TBS-T ¢h5-& 02 33
AlHEHL TBS-T €84l 1/2,00002 3|4 o]} A
(Santa Cruz Biotechnology, Inc., Dallas, Texas, USA)Z 7
204 1AZF WSAIZL 3 TBS-T $Egdo =z 33 A#3s}
3 3}8itEI]E (Pierce, Thermo Fisher Scientific Inc.,
Rockford, Illinois, USAYE ©]-8-3} X-rayZ&ol d/d3t5aL
% ool FUAS B-actin (Santa Cruz Biotechnology,
Inc., Dallas, Texas, USA)2] o2 HFslitt. 7 Tzl
Whe 2 Image] (National Institutes of Health, Bethesda,
Maryland, USA) Z2 13- o]g-ste] A &galsint.

10. MIA 575 SRR SS9 KKt @ CME B7501

Spraugue DauleyZ] 3o MIA (Mono sodium iodoacetate,
Sigma-Aldrich Co., St. Louis, Missouri, USAYSE #& #47
Y] intra-articular injection3}. 224 chondrocyte®] metabolismE
Aaljslal o]& <18 cartilage, ligament 2 tendon®] &S &
HAA ZAEAS AT HEE o838t (Janusz e
al, 2001). &, AAsE 5= 78 9 10 "2 8t AF
300 g-350 g BF 9] F= HEZ 1 mL FAVIE ARSS)
o] A+ (CME 400 mg/ A5 kg 47F), 2490=2 (3
AT ATFA), FdEF (Ibuprofen 20 mg/ A5 kg 7+
Fao)oll= MIA (40 mg/mL)E 50 uL¥ FA}8aL Shamstoll =
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Table 1. Induction of degenerative arthritis by MIA and oral dose of sample.

Oral dose of sample/day

Induction of arthritis Groups (for 14 days) Number of animals
Treated with PBS Sham Distilled water (DW) 10
Negative control Distilled water (DW) 10
Treated with MIA Positive control Ibuprofen 20 mg/kg body weight 10
(40 mg/mL, 50 pl/rat) CME100 CME 100 mg/kg body weight 10
CME400 CME 400 mg/kg body weight 10

Table 2. Induction of acute inflammation by carrageenan and oral dose of sample.

Induction of acute

Oral dose of sample/day

inflammation Groups (for 3 days) Number of animals
Treated with PBS Sham DW
Negative control DW

Positive control
CMET00
CME400

Treated with carrageenan
(1%/saline, 100 ul/rat)

Ibuprofen 20 mg/kg body weight
CME 100 mg/kg body weight
CME 400 mg/kg body weight

[Sa NG, RGN, RN,

MIA thAl PBSE FAFSINATE 24X 7F SHE] Table 19 e}
W upe} ro] 7t i® Al EE CME

14207 i AR FelFo = A7Telsksint.

T
Ee

ibuprofens

11. TNF-a Y IL-1p AUMOIH| SH

MIASE Hadadd 52Rde gow TNFa £
IL-1B sandwich ELISA kit (eBiosience, Inc., San Diego,

California, USA)S AM&3le] 2430t =, 721 A|82 24T
Folg MIARE HaA98e 52Rde Jass Y o
HEEE 3 vk @HUel EAsk= TNF-a == IL-19]
E=E ELISA kit?] Az3jAE AN S S-8sto] &
Aatdd. WA, 96 well plate] Z¥ %o UAE antirat
TNF-o. ®== IL-1B antibodyoll &7dell EAISH= TNF-0 =
IL-1BE 4T, 24X7F AFA7EL ZF wellE 59 AlFT &
biotin-conjugated anti-rat TNF-o. = IL-1B antibodyS ‘g
oA 1IAIZF WA & ZF wellS 591 MIABIAL streptavidin-
HRPE 4027 A2]3laL HE2 O 2 tetramethyl-benzidine® 2
WFAlSlo] ELISA readerE ©]&314 450 nm94 gl A 53
= —%o}OﬂE} TNF-o. == IL-1B9] 92 ELISA kitol] X
%) XF ;<H -%1— TNF-0 == IL-]B—O/] H]—_O__L_Zr_g_'_/q [e] o]_Q_
skenlEld o g Faisint

oo

slo]
12. Carrageenan 7%
87501
Carrageenan =
o] WS S8stod A

Table 2¢ LERA v}

Winter 5 (1962)
SD7%] IFE oz
1002 2 &led
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L= ]

NEZ 7} Fe

HE 1Y 13] 397 AFostal w4
o] [AIZF F Digimatic micrometer (Mitutoyo Corporatlon

Kanagawa, Japan)& AMg3sle] SHFS sty e S5

FAE =3I 1% Carrageenans 238 A BFE
100 pLe] o= S SAFO| FAkSl 7 F58 fst

3SAZE T B8 A SR

13. S 24

Aedy= 33 WHESle] g + ¥F23 (Mean = SE)E
el ow, SPSS (version 21) SAZE WO R Student’s £
tests ©]-8-3} p<0.05°‘ ]l felsk Aoz AN, one-
way ANOVAES 2AI%E 3 p<0.052] §2]4==°lA] Duncan’s
Multiple Range Text (DMRT)ell ©]3sted zt Agte] 4]

7He] foAde A5
2o o o
1. DPPH Radical s =4

CMEZ} DPPH &1ZHS 50% 2A8Rs SCsihs pg/mL &
1= Table 39 JERNRITE. DPPHE= B3 QFgSH AEic]
2K, Jhkst Edol| o) ShlEo] gAEEg isksS
=43 o DPPH iz 235 Aol @ol| o]&dth
CMEY] SCsoat 15849 +11.35 g/mLO2 YO =

ARESE @A EFQ EGCG HIEF C9] SCso?kd
624+1.10 yg/mL 2 5.88+0.69 g/mLET}H =UTH CMEQ]
AZRA AL, 4 B AelEelA FAakst a3te] 714F A
o7 dAEE

i)
=

polyphenol®lli= anthocyanin, rutin, quercetin
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Table 3. DPPH radical scavenging effects of CME.

DPPH radical scavenging activities SCso" (g/mL)

CME 158.49 £ 11.35%
EGCG? 6.24 £ 1.10
Vitamin C? 5.88 + 0.69

*Results were represented as mean +SE (n = 3).
YSCso; 50% scavenging concentration. 2" *'Positive control.

ORaw264.7
120 1 EHepG2
100 - *
® 80
2
3 60
=
>
< _
o 40
20 A
1]
312.5 625 1250 2500 5000

Sample concentration (ug/mL)

Fig. 1. Effect of CME on the cell viability of RAW 264.7
and HepG2 cells. RAW 264.7 and HepG2
cells were treated with various concentrations
(312.5, 625, 1,250, 2,500, 5,000 pg/mL) of
CME for 24 hours. Cell viability was measured
by MTT assay. Data were obtained from three
independent experiments and are expressed as
the mean + SE. *Significantly different from the
sham control at p < 0.05.

2 isoflavone 5°] UL Ao 7|EL] AFE FIlo] o=
= AT (Ryu and Kwon, 2012; Bae ef al, 2011; Oh et

al., 2002).

=M =X

7O o

2. MIEZ (Raw 264.7)

RAW 264.7 Al3E2} HepG2ell thak CMES] M E=AS Lo}
17| I8l MTT assays AAISHATE CMES 5524 (3125,
625, 1,250, 2,500, 5,000 1g/mL)Z 24x]7+ F<t zkzh A28k
A3= Fig. 19 YeERJITE. CMES 5,000 g/mL 223t 7
¥, RAW 2647 AlE9] AEEL 9042+3.11%°]0 0™
HepG2A| 2] AEE-L 9021 + 1.14%% oF7be] A8 Ashr}t
AALL}F 2500 ug/mLolsle] FEE A2 A, MESHS
Holx] eIttt ole AFo|EeAA AN 28] 518 o
] AAERT} P <ol BEgh o] CMES] 9=
Q1 AL, 3 2 AEEle] AlaEgkdAel #ek 7)Ee] AT
(Lee, 2013; Park, 2009; Jeon e al, 2011)¢} LX|=w o] 3t
Pe2 T3 CMES] Al ek

2RI A2t & 5 ot
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Table 4. Effect of CME on the inhibition of NO production in

RAW 264.7 cells.

NO production (uM)

PBS + LPS (1 pg/mL)
CME (200 pg/mL) + LPS (1 zg/mL)

PBS 25.03 £ 5.371%**
144.22 £ 16.48

45.79 £ 4.81*

*Results were represented as mean * SE (n = 3).

**Significantly different from the negative control group (PBS and LPS

treated group) at p < 0.05.

3. Lipopolysaccharide (LPS) 5= NO Mgt =X
RAW 264.7 M2Eol|A LPSE A ste] AHE A5

Zel NO= LPS *2] ¥ PBSE 2|3t SANzT<)
14422 +16.48 pMelle™ LPS 22 & CMEZ 200 1g/mL
23 A$ 4579 + 4.81 pME YER} SA TR0l the)
sle] ok 6825% NO AAIA &a74=
Park 5 (2013)> B5AAZ 49 JeeFEES
FTEZ RAW 2647 Mo A9 = NO Ao oF
ZAE R 79t Korhonen 5 (2005)0) <]5hd
pro-inflammatory cytokine®|U €54 Aol ¢Js] iNOS
(inducible Nitric Oxide Synthase)?] ®&o] ZF71=H NO7}
H3F BujEo] FYAEE EGA7Ia A5 sz
CME 2|7} LPSZ F=% RAW 264.7 Al ZollA NOL A
e JAIsHE AL iINOSe HHS Adste] vepd Azl

44%

3L AbEE
3
#
-

25
)
E *
ERES 1
£
E 15 A
[ *
£
g .
z
—

05 *

0 T

Sham DW Ibuprofen CME100 CME400
MIA (40mg/mL in PBS, 50uL/rat)

Fig. 2. Effect of CME on the inhibition of TNF-o

Broduction. The degenerative arthritis was induced
y MIA only (DW), MIA and 20 mg/kg body weight
of ibuprofen for 14 days (Ibuprofen), MIA and
100 mg/kg body weight of CME for 14 days
(CME100), MIA and 400 mg/kg body weig?:t
of CME for 14 days (CME400), respectively.
Data were obtained from three independent
experiments and are expressed as the mean + SE.
#Negative control group. *Significantly different
from the negative control group at p < 0.05.

KT (Table 4).
50 g/mLe]
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16 -

14

1.2

0.8 -

0.6

*

IL-1B in serum (ng/mL)

04 -
*
0.2

AR N

Sham bw CME100 CME400

Ibuprofen

MIA (40mg/mL in PBS, 50uL/rat)

Fig. 3. Effect of CME on the inhibition of IL-14,
production. The degenerative arthritis  was
induced by MIA only (DW), MIA and 20 mg/kg
body weight of ibuprofen for 14 days (Ibuprofen),
MIA and 100 mg/kg body weight of CME for 14
days (CME100), MIA and 400 mg/kg body weight
of CME for 14 days (CME400), respectively.
Data were obtained from three independent
experiments and are expressed as the mean + SE.
#Negative control group. *Significantly different
from the negative control group at p <0.05.

4. TNF-a & IL-1p AMOH SH

CME’} MIAfrE Ha8H8YH sERdox d5d A
O]|E7}219] TNF-a 2 IL-1B2] A e 717 &
= Fig. 2 % Fig. 39 YeRiSITh &, MIAS AgstaL
BATE 1497 A7FAs Sz 4, EF TNF-o
2 IL-1pE 27 257+0.15ngmL 2 1.33 +0.25 ng/mLe]
Aem A-AY XNEARE AM-EE GO FER] ibuprofen
< 20mgkg AT FHoR 14Ut BFFEAT S,
1.93+0.16ng/mL 2 1.34+0.14ngmL 2 v 1§ TNF-a
2 IL-1p HAEEHE B o CMES 400 mgkgl5-2] Fof
FOR 1497 AFFAT A5, 242 0.82+0.03 ng/mL 2
0.29 +0.09 ng/mLOZ #A& TNF-a ¥ IL-1 ZArgads B
ATt CME 100 mgkg AE Fo4¢] TNF-oi= 1.13+0.14 ng/
mLEA] thzel vls] 63.7% A" 2oz Yedth Park
TS 2013y Y EE FEES LPSE H5o| f=H 1t
M Ze] A2]st A3} TNF-a] &S 20%, IL-1B
S 35%01d AT Bausidith 34 B T
gl A TNF-a % IL-1BSF 7S pro-inflammatory
cytokine HZ 7] A E M7 Hdsle] HIMEE 24
3}A17])3L lymphokine?}t 728 WIQIAEL] sk F HH|E &
Lot S-S &Adsheitt (Feghali and Wright, 1997;
Dinarello, 2000). & A9] EPJHEE FEELNA CME
9] TNF-a 2 IL-1B AAYA a3+= o] cytokineol] <]

=
L
—
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o 2HEY] g nt
A + + + + LPS (1ug/ml)
cont PBS Ibu €200 C1000
1 2 3 4 S Lane
| «—cCox-2
<— B-actin
B

120 -
100 -
80
60
a0 *
20 - *

*
0 T . T T

PBS PBS CME 200pg/mL CME 1000pg/mL

COX-2 expression (% of control)

Ibuprofen

LPS (1 pg/mL)

Western blot analysis of COX-2 in RAW 264.7
cells. The COX-2 protein expression was induced by
LPS only (1 ug/mL, lane 2), LPS and ibuprofen
(10 zg/mL, lane 3), LPS and CME (200 zg/mL,
lane 4), LPS and CME (1,000 yg/mL, lane 5),
respectively. The total protein was fractionated by
10% SDS-PAGE, and the blotted membrane was
reacted with anti-COX-2 IgG. Anti-IgG-HRP was used
as secondary antibody and immunoreactive protein
was detected by chemiluminescence. Data were
obtained from three independent experiments and
are expressed as the mean + SE. #Negative control
group. *Significantly different from the negative
control group at p < 0.05.
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Fig. 5. Effect of CME on the prevention of paw edema
in SD rats. The raw edema was induced by
carrageenan (1%/saline, 100 pl/rat) only, carrageenan
and ibuprofen, carrageenan and 100 mg/kg body
weight of CME, carrageenan and 400 mg/kg body
weight of CME, respectively. Data were obtained
from animal experiments and were expressed as
the mean = SE (n = 5). *Negative control group.
*Significantly different from the negative control
group at p <0.05.

6. Carrageenan 7= g3
Fig. 59 vephd v} ol
Carrageenan®. 2 F4 4
Carrageenan A} 5A17F
o™ ibuprofens 20 mg/kegA S, 347k
o] 7%, S FEES 110.15+8.07%°1 AL
BT 400 mg/kg A F, 397 AT
HORESS 7 118.14£5.76% ¥
VENATH. Anandakumar 5 (2014)2 7338
7} carrageenan® 2 F4EF0] F=E
Aol 37t de-S Bt F5e
bradykinin 2! prostaglandins®} 72
T 71t A S S8 ES wH8OIt (Vane and
Botting, 1987). T2 AQZFAR A== @<l
Ibuprofent . t= CMEQ] F5A&0] 31X ZA|TF CME
7t A EA] 2 EEEIL o, wg- ek 54
5 TS a3t dvkal AlsETh

n
2
rot

=
o

histamine, serotonin,

A% wA elg W
9%

=

of

268

REFERENCES

Anandakumar S, Joseph JA, Bethapudi B, Agarwal A and
Jung EB. (2014). Anti-inflammatory effects of turmeric
(Curcuma longa L.) extract on acute and chronic inflammation
models. Journal of the Korean Society of Food Science and
Nutrition. 43:612-617.

Bae HA, Baek H, Park HI, Choung MG, Sohn EH, Kim SH,
Kim DS, Chung IM, Seong ES, Yu CY and Lim JD. (2011).
Effect of fermentation time on the chemical composition of
mulberry(Morus alba L.) leaf teas. Korean Journal of Medicinal
Crop Science. 19:276-286.

Bae MJ and Ye EJ. (2010). Antioxidant activity and in vitro for
anticancer effects of manufactured fermented mulberry leaf tea.
Journal of the Korean Society of Food Science and Nutrition.
39:796-804.

Bao Y, Yang Y, Wang L, Gao L, Jiang W, Wang L, Si S and
Hong B. (2009). Identification of trichostatin A as a novel
transcriptional up-regulator of scavenger receptor BI both in
HepG2 and RAW 264.7 cells. Atherosclerosis. 204:127-135.

Bdouet L, Pascale F, Bonneau M, Wassef M and Laurent A.
(2011). In vitro evaluation of (S)-ibuprofen toxicity on joint
cells and explants of cartilage and synovial membrane.
Toxicology in Vitro. 25:1944-1952.

Boer TN, Huisman AM, Polak AA, Niehoff AG, Rinsum AC,
Saris D, Bijlsma JWJ, Lafeber FJPG and Mastbergen SC.
(2009). The chondroprotective effect of selective COX-2
inhibition in osteoarthritis: Ex vivo evaluation of human cartilage
tissue after in vivo treatment. Osteoarthritis and Cartilage.
17:482-488.

Blios MS. (1959). Antioxidant determination by the use of a stable
free radical. Nature 181:1199-1200.

Botting RM. (2006). Inhibitors of cyclooxygenases: Mechanisms,
selectivity and uses. Journal of Physiology and Pharmacology.
5:113-124.

Carey MA, Germolec DR, Langenbach R and Zeldin DC.
(2003). Cyclooxygenase enzymes in allergic inflammation and
asthma. Prostaglandins, Leukotrienes and Essential Fatty Acids.
69:157-162.

Castaneda S, Blas JAR, Largo R and Beaumont GH. (2012).
Subchondral bone as a key target for osteoarthritis treatment.
Biochemical Pharmacology. 83:315-323.

Chang MC, Hung SC, Chen YK, Chen TL, Lee CF, Lee HC,
Wang KL, Chiou CC and Wei YH. (2005). Accumulation of
mitochondrial DNA with 4977-bp deletion in knee cartilage e
an association with idiopathic osteoarthritis. Osteoarthritis and
Cartilage. 13:1004-1011.

Dinarello CA. (2000). Proinflammatory cytokines. Chest. 118:503-508.

Feghali CA and Wright TM. (1997). Cytokines in acut and
chronic inflammation. Frontiers in Bioscience. 2:12-26.

Janusz MJ, Hookfin EB, Heitmeyer SA, Woessner JF,
Freemont AJ, Hoyland JA, Brown KK, Hsieh LC, Almstead
NG, De B, Natchus MG, Pikul S and Taiwo YO. (2001).
Moderation of iodoacetate-induced experimental osteoarthritis in
rats by matrix metalloproteinase inhibitors. Osteoarthritis and



on

Cartilage. 9:751-760.

Jeon YH, Won JH, Kwon JE and Kim MR. (2011). Antioxidant
activity and cytotoxic effect of an ethanol extract from Seoritae.
Korean Journal of Food and Cookery Science. 27:1-10.

Katsube T, Tsurunaga Y, Sugiyama M, Furuno T and
Yamasaki Y. (2009). Effect of air-drying temperature on
antioxidant capacity and stability of polyphenolic compounds in
mulberry(Morus alba L.) leaves. Food Chemistry. 113:964-969.

Kim EO, Lee YJ, Leem HH, Seo IH, Yu MH, Kang DH and
Choi SW. (2010). Comparison of nutritional and functional
constituents, and physicochemical characteristics of mulberry
from seven different Morus alba L. cultivars. Journal of the
Korean Society of Food Science and Nutrition. 39:1467-1475.

Kim HB, Kim AJ and Kim SY. (2003a). The analysis of
functional materials in mulberry fruit and food product
development trends. Food Science and Industry. 36:49-60.

Kim HJ, Kim JK, Whang WK, Ham IH and Kwon SH.
(2003b). Effects of Mori folium and Crataegus pinnatifida leave
extracts on CCly-induced hepatotoxicity in rats. Yakhak Hoeji.
47:2006-2011.

Kim OG and Jeong JC. (2006). Effects of Mori folium extract in
streptozotocin-induced diabetic rats. Journal of Korean Oriental
Internal Medicine. 27:811-821.

Kim TW, Kwon YB, Lee JH, Yang IS, Youm JK, Lee HS and
Moon JY. (1996). A study on the antidiabetic effect of mulberry
fruits. Journal of Sericultural and Entomological Science.
38:100-107.

Kim YH, Lee JH, Lee YS and Yun HT. (2006). Antioxidant
activity and extraction efficiency of anthocyanin pigments in
black colored soybean. Korean Soybean Digest. 23:1-9.

Korhonen R, Lahti A, Kankaanranta H and Moilanen E.
(2005). Nitric oxide production and signaling in inflammation.
Current Drug Targets-Inflammation & Allergy. 4:471-479.

Kraan PM and Berg WB. (2008). Osteoarthritis in the context of
ageing and evolution loss of chondrocyte differentiation block
during ageing. Ageing Research Reviews. 7:106-113.

Kwak HY, Lee SJ, Lee DY, Jung L, Bae NH, Hong SY, Kim
GW and Baek NI (2008). Cytotoxic and anti-inflammatory
activities of lipids from the Nuruk(Rhizopus oryzae KSD-815).
Journal of the Korean Society for Applied Biological Chemistry.
51:142-147.

Laine L, White WB, Rostom A and Hochberg M. (2008). COX-
2 selective inhibitors in the treatment of osteoarthritis. Seminars
in Arthritis and Rheumatism. 38:165-187.

Lee EJ and Bae JH. (2011). Study on the alleviation of an alcohol
induced hangover and the antioxidant activity by mulberry fruit.
Korean Journal of Food And Nutrition. 24:204-209.

Lee JS. (2013). Isolation, characterization, and immune stimulating
activity of a water-soluble polysaccharide purified from
Korean mulberry fruits. Master Thesis. Catholic University of
Daegu. p.1-96.

=

269

=gi2o| 2 MG

Lee SE, Lee JH, Kim JK, Kim GS, Kim YO, Soe JS, Choi JH,
Lee ES, Noh HJ and Kim SY. (2011). Anti-inflammatory
activity of medicinal plant extracts. Korean Journal of
Medicinal Crop Science. 19:217-226.

Lee SH and Kim GH. (2008). Inhibitory effect of mulberry
extracts on angiogenesis in porcine artery endotherial cells.
Journal of Life Sciences. 18:653-659.

Mandhane SN, Shah JH and Thennati R. (2011). Allergic
rhinitis: An update on disease, present treatments and future
prospects. International Immunopharmacology. 11:1646-1662.

Oh HS, Park YH and Kim JH. (2002). Isoflavone contents,
antioxidative and fibrinolytic activities of some commercial
cooking-with-race soybeans. Korean Journal of Food Science
and Technology. 34:498-504.

Park E, Lee SM, Lee JE and Kim JH. (2013). Anti-
inflammatory activity of mulberry leaf extract through inhibiton
of NF-kB. Journal of Functional Foods. 5:178-186.

Park SW, Jung YS and Ko KC. (1997). Quantitative analysis of
anthocyanins among mulberry cultivars and their pharmacological
screening. Journal of the Korean Society for Horticultural
Science. 38:722-724.

Park SY. (2009). Whitening effects of Mori ramulus, Mori cortex
radicis and Mori folium herbal-acupuncture solution after
fermentation and heating. Master Thesis. Daegu Haany
University. p.1-37.

Pecchi E, Dallaporta M, Jean A, Thirion S and Troadec JD.
(2009). Prostaglandins and sickness behavior: Old story, new
insights. Physiology & Behavior. 97:279-292.

Ryu IH and Kwon TO. (2012). Sensory characteristics of granular
tea and the components of mulberry fruit extracts by different
extraction process. Korean Journal of Medicinal Crop Science.
20:331-338.

Shin HC, Sung HS, Lee YS and Sohn HS. (2001). Nutritional
adequacy and beneficial effects of soy formula. Korea Soybean
Digest. 18:10-25.

Sladowski D, Steer SJ, Clothier RH and Balls M. (1993). An
improved MTT assay. Journal of Immunological Methods.
157:203-207.

Sud’ina GF, Pushkareva MA, Shephard P and Klein T. (2008).
Cyclooxygenase(COX) and 5-lipoxygenase(5-LOX) selectivity
of COX inhibitors. Prostaglandins, Leukotrienes and Essential
Fatty Acids. 78:99-108.

Vane J and Botting R. (1987). Inflammation and Mechanism of
action of antiinflammatory drugs. FASEB Journal. 1:89-96.
Winter CA, Riskey EA and Nuss GW. (1962). Carrageenin-
induced edema in hind paw of the tat as an assay for anti-
inflammatory drugs. Proceedings of the Society for Experimental

Biology and Medicine. 111:544-547.

Yeom HE. (2013). Symptoms, aging-stereotyped beliefs, and
health-promoting behaviors of older women with and without
osteoarthritis. Geriatric Nursing. 20:1-7.



