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Abstract - Osteoarthritis (OA) is a degenerative disease characterized by the progressive degradation of joint cartilage and
is accompanied by secondary inflammation of synovial membranes. The purpose of this study describes a preliminary
evaluation of the anti-inflammatory activity on test material of Litsea japonica. fruit (LJTM) Also, this study was to evaluate
the effects of LJTM on the joint cartilage of rat with OA induced by monosodium iodoacetate (MIA). To study for
anti-inflammatory agents effectively, we first examined the inhibitory effect of the LITM on the production of
pro-inflammatory factors and cytokines stimulated with lipopolysaccharide. We identified anti-nociceptive effects of the
LJTM by using in vivo peripheral and central nervous pain models. In addition, the aim of this study was to evaluate the
effects on mRNA expression of MMP-2, -3, -7, -9, -13, TIMP-1 and -2 in cartilage of OA. In the LITM inhibited production
of pro-inflammatory mediators (NO and PGE:) and pro-inflammatory cytokines (TNF-a and IL-6). In cartilage, Expression
of MMPs and TIMPs mRNA was suppressed in LITM treatment group than in the control group. This study suggests that
LJTM are potential candidates as anti-inflammation and anti-osteoarthritis agents (painkillers) for the treatment of OA.
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7] AgA| o Oﬂ 293t 93RS SHH(Ding et al., 2009; Yoon
et al , 2010). A2 2F 24 A lipopolysaccharide (LPS)+=
JH-F/d+ *ﬂ:‘?ﬂ atof] EA5HH, RAW 2647 A| 322} 22
macrophage ¥+ monocyte®]|A] tumor necrosis factor—a,

interleukin—6, interleukin—132} Z+-2 pro—inflammatory
cytokine 52 2771 = AL 2 I#A ITHKim and Moudgil,

2008; Lee et al, 2006), T3t o|H3t =7 &2 9] A
S phospholipase A29] &A] 0 & Ql3} arachidonic acid7}
prostaglandin © 2 HHA= 3174 9 NOF/J 17 2= o]oj =[]
FtHMcDaniel et al,, 1996). AW H517gof A= 2=k NO
9 prostaglandin E; (PGEy) 52] 9%212}7} inducible nitric
oxide synthase (iNOS) ¥ cyclooxygenase—2 (COX—2)o]| &J5f
A=) o] 2 NO= AU Hoj7]s, AsHd7|s, AAEA,

Aneky 59| choRsl Ae] 7158 w Sk A4l No
o] AL MeelolE FolALt FUHS AANIE FaT o

3 3AIg, A Al iNOS ofs) o) A4E NO:
BRI, 43 5l G3UE8 FUY L oht B3

QItHMu et al, 2001; Ryu et al, 2003) PGEZ% %ﬂ%—‘ﬂ%,
angiogenesisS ZX5H= 5 ¢F WAYo| = Z]0]

Fodstar 9= ﬁ_i‘”ﬂiﬁ AHHeo et al, 2010; Kim et al.,

l‘ﬂ.

P QAT 0 2 A gt Qo] Y]
o]l =2 AMETITHMin ef al,, 2003). 7HHAZLHE Hof °ﬂ
Z+= essential oils, fatty acids, lactones, alkaloids ! terpenoids
7} 3kG-5lo] Q)0 m(Tanaka et al, 1990; Takeda et al., 1972),
A EBIA FAIAJE O & hamabiwalactone A, hamabiwalatone
B, akolactone B, litsealactone A W litsealactone B 5-0] Hil
= v} QIth(Min et a, 2003). ©]2]3t 7H}H&UE Gujj=
B, AL, B, oolo] AE 5 Tjoket 35 A et Blsol
A8 0 g2 ARSI thE H a7} Q) O UK (Guzman—Gutiérrez et
al , 2012; Jiménez—Pérez et al,, 2011), AJ&|&AJof that A
L AgH o2 wo) o]olA|x) ot B AL el A}
= Frf) 70% ofg-E FEEo] NF—«B2JA| B! JNK/p38 MAPK
o o]l oJste] AF} f5ol AA1HS FEste] Harghnp
UtH(Koo et al,, 2014), EFF 2 S22 7HFAZ U Gulet
9] FH5 282 Hlaste] 7RAE LT Fof 70% o e
FZE20] NO A A, PGE, A4 A, iNOS e oA 9 o
=X Mo |E7Fele] TNFa, IL-1B3, IL67} 5% AA|E S 3ol
H} QItH(Namkoong et al., 2015), wh2hA], & Aol A= 7kt

H

L Aol 10% Aol F2E] ZolAo) ol
58 7INOR  21AES ] Sistel A%
A8 A Z(LJTM, test material of Litsea japonica, fruit)S

A on, uEs duje] 2o BRE0R sl

%l hamabiwalatone B (Koo et al,, 2014)2] $+-& H7}5}aL,

2 AR O] AAAEAR A v gAY S FUst] flsto] ¥

=gl AEFIE st} shgch T3t 2 oA HE

A Az St A& R o ATE MIA f= &
A sERdollA Hrlsto] QA HEAF Aol age 2l

shaat shiek

i

VEREETE

A=

AT s Aol ASIL Sl 7HHHE U (Litsea
Japonica) AUE 20149 6470l HHstHom, AHHE A=
= SRR 2739 ARt F FAE AL s AU R+
iz = st &8 AR AR
FE2 2 A=AZHWIT™)

SAAZRE TRAZE G| A= 0% 8 ofleh2(w/w,
A 5.9] 200H)-& ARESE] 60 CollA] 15A17F 59t Z &1L o
S oJIRRE & ISRt F FAURTIE ol8st FEEe
ARt AT Al 5 LA 7 AU Bl 0%
TRk FEE PR 2029 FRA(NAEY, AR
EEA LEJJDHEE‘@%EL olehta 5
A RS ARFelglen o] 5 thA] gt

A 32wl

YAIA|E A E (Murine macrophage cell line) Q1 RAW 2647
A| 3£+ American Type Culture Collection (ATCC, Manassas,
VA)of| A F)8}o] 10% fetal bovine serum (FBS)2} penicillin—
streptomycin 100 units/mlo] 3-9-% DMEM H}JA]|(GIBCO,
Grand Island, NY, USA)Z AR&51o] 37C, 5% CO, -27]0f|A]
st om, 3o gt WX AR Alsstelct

Nitric oxide (NO) assay
RAW 264, 7 |5 10% FBS7} 27}l DMEM Hj 2| 0|85}
o] 1.5 X 10° cells/ml & Z A3t 3 24 well plate o] HZE5}1,
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229 A5} LPS (1 pe/nl) 2 FA10] Helstel 244171 wjopal
At A= NOQ| 92 Griess A|2H1% (w/v) sulfanilamide,
0.1% (w/v) naphylethylenediamine in 2,5% (v/v) phosphoric
acidl&r o|-&sto] A|ZEjFY Fof| EAst= NO, o] Fej= =
“goolet. Alzaie 452 100 nl€} Griess A|2F 100 nlE &g
5o 96 well platesol| A 108 Z0t HH-&-A)7] 2 540 nmof|A] &
=g 2453} AAE NO2) %2 sodium nitrite (NaNOy)
£ standard 2 B WSS}

A5/ B7HLDH assay)

RAW 264, 7 AJ3Z(1,5 X 10° cells/nl)E DMEM B2 o]| 325
A= QLIPS (1 g/ml)E &A] A 2]8tof 24A17F vief 3t 5 ulj ¥
HIAIE fof 3,000 rpmoflAf 527t HAEe] Skl LDH
(lactate dehydrogenase) assay+=non—radioactive cytotoxicity
assay kit (Promega)S ©]-&5}0] 27431011, 96 well plate]|
YA Bejslo] AL vjjoF vl x] 50 nle} reconstituted substrate
mixE 50 W& @1, 2204 308 ¥H-&-A171 & 50 ul 9] stop
solutione Y- & microplate reader (Bio—TEK Instruments
Inc., Vermont, WI, USA)E A}2-8}o] 490 nmoj| A S4 =&
B9, 74 Aol ot B B 28 T, o
Z7H(LDH control, 1:5000)9] 345 g} H|wslo] A2 =4
5 skt

Prostaglandin E; (PGE;) A4 A &% H7}

RAW 2647 A& DMEM HjR| & o] &5} 1.5 X 10° cells/
ml2 24352 24 well plateo]] HE3}aL, 5% COp 27| A]
18A17F A i &F B3I, o] v R[S Al A SR A Ao 9] Al &0}
LPS (1 ng/ml) S A et =2 oA S A 2lsto] 2wt
Y 2200A wfsrglTh 24417 & PGEE 57817 Slel
HjjoF v ] & QA1 E2] (12,000 rpm, 3 min)d}o] A=A &
Qltt PGE,9] 242 PGE ELISA kit (R&D Systems Inc.,
A) S o]835to] A5l 2 standard
W 0,99 o]l it

Minneapolis, MN, USA,
o et T 2ALS

A=A Alo| EFFQI(TNF—a, IL-6) A A &% H7}
RAW 264.7 A 31,5 X 10° cells/ml)S DMEM Hj 2| 2 0|25}
o] NS 2ATH S 24 well plate of] FE8}aL, 5% COp -2
7104 18A17F A wieksteict, o] & HiAE A|AsL RAW
264.7 N 108 (5, 10, 20 pg/m) 2 ZAE 2ZE AR
50 2} 450 wl o] LPS (1 1g/ml)E Ti-at 2L HiZIE FAl ]

LS Qo 2580 BUIY o

X{EIO]'%\J— Aokl S 2704 wjokslaith 24 AJ7F 5 uj
oF ujA & YAIEE](12,000 rpm, 35)3}0] Aoj7l AFZdH o]

pro—inflammatory cytokines 34 S 24519t e
A g Ak A7iA] 20T ofslof| B5159t) Pro—inflammatory
cytokines A%-E mouse enzyme-linked immnunosorbent
assay (ELISA) kit (R&D Systems Inc,, Minneapolis, MN, USA)
£ o] gt JeFsH. o0 standard of digt EET AL GRS
0,99 o}/l 3ich,
2% JA v ddaAE
7S Gl ARAIES] A5 aiks Bt
Qfete] T2 % %——Tjé 25 A AIE Ak 2
AE AA| g3b= AFEE 558 ICR mousesS 157+
50%, 25 24~26 CE2 GA Hl= AR ol A S8k 7 o A
& 252 A AR e E Skl AE(
0.75% T8 M) 41912980 1 ml/10 g body wto] G2ko 2 4]
A 12417 F9E HAAR] mRe20] BAYo]| Fabe =918t
om =59 ¢ 601 A 7HHIEUT Gl FEES AT
Folailth, Aol FYEH 574 Uolld 52 7dsto]
= FEAY, SloeE & e 5
155 HolA Hrh, 108 &<t writhing (F-& Fl& 2
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=9] writhing syndrome

F

Miao] o2 2HEY B3} W IAEA

e e RE AgsE] 54 s
injection £9] W © & 329]3}9] chondrocyte2] metabolism
2 AdskAY, ligament2} tendon®] A4S FRISIO 2= A &
TS A= i o2 2 Aol Al MIA (monosodium
iodoacetate) 5 AME-SH] BXEHES FESHICE WA 1571
HE 50%, 2% 24~26 CE RAI == ARAFol|A] 318 ratf]
FEFHS 7 3o] Alwst & I T FE2 MIAS 11l

intra—articular
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FAZIE ARESto] 225 5 WA Hiell 50 ul (60 mg/ml)#]
T°4 590, MIA E4AJofl= 0.9% salines ARE-SFEITE

7o 19 & FFA 0B XS AR sele
xmo}oq 7} 301e)4 R R NG, ZTHEY = 1)
Z4H0AC), LITM 50, 100, 200 mg/kgFolat, AUzt
(indomethacin 2 mg/kg)] 0.2 2|5l o 35 B9 AdE
AS AFEA skt

RNA 88 ¥ qRT-PCR &3

Rato] RZ]Og2HE &3t total RNAE TRI-reagent
(MRC, Cincinnati, OH, USA)E ©]-83}%1 21, RNase—freedt
ZAs}o A o)]FoIHT) 1 g9 total RNAE oligo (dT) 18
primer, dNTP (0,5 uM), 1 unit RNase inhibitor 12|31 M—MuLV
reverse transcriptase (2U)& 70C 5 min, 25C 5 min, 37C
60 min, Z12]22 70 CoJ|A] 10 min 7} heating A]Z] 2 24 cDNA
£ A%t Quantitative real—time polymerase chain
reaction (QRT-PCR)-S 93}, 2 ul2] ¢cDNA, 12,5 1l9] master
mix [SYBR premix Ex Taq II (Takara, Japan)], 1 nl9] z}-2+9]
primer (Table 1), 8,5 nl&] DWE £33+ 3 MX3005P (Stratagene,
USA)L o|8-3o] AA|7ko 2 7} 8- }0) vl oAk =A4519)
t} o] PCR cycle2 95CoflA] 108 &, 95C/1522}60C/60%
240 cycle o} H}Eo].oﬂ ou:] 7?71—4 =A% ;ﬂ AR= ,] cycle
threshold (CT)&= th&wty} Hlulsto] Wawke AEd3ict,

F3% U 94 NEAE AZ 23t

SAAZT TR EUR Qo) vl 500 g 0% 54
ofebei 22T T of7isio] Qofdl 2201 Ut 5531

FANERE 2355 251 g5 ST olFA Lol 2FE=
of #ZAE H7ksted 1,000 g A4 *]%‘Xﬂ%'% A2kst
], ZipE U o]l tiet e RSt 1
3l A8t 2] A 2] hamabiwalatone BA —E‘_—
£ SISkt Table 2), & AFAIEAEl chgt ‘MW%/\]
T Hof Alaet FEol A9 mso] fFAIHEA o E B

7] $l8to] & PSARAFE T EEsteto] 2 Alde 1

By

Nitric oxide 234 A a7}
Nitric oxide (NO)= NO 3HA4lo]| 2J3}] L—arginine & 2 H &
DS B9 HNS, A, A 2

olgh 5 of o] 711 AHEEHA 2l Te] Tolahiz 202 ool
A glom) sl ket AL )56 Ao 0% A4 =

S

Table 1. Sequences of primer and fragment sizes of the investigated genes in RT-PCR analysis

Forward Reverse

MMP2 TCCCGAGATCTGCAAGCAAG AGAATGTGGCCACCAGCAAG
MMP3 TGATGGGCCTGGAATGGTC TTCATGAGCAGCAACCAGGAATAG
MMP7 GACATTGCAGGCATCCAGAAGTTA AGGGCGTTTGCTCATTCCAG
MMP9 AGCCGGGAACGTATCTGGA TGGAACTCACACGCCAGAAG
MMP13 CCCTGGAASTTGGCGACAAAG GCATGACTCTCACAATGCGATTAC
TIMP1 CATCTCTGGCCTCTGGCATC CATAACGCTGGTATAAGGTGGTCTC
TIMP2 GACACGCTTAGCATCACCCAGA CTGTGACCCAGTCCATCCAGAG

Table 2. Concentration of Hamabiwalactone B of LITM

Lot. no. con. (mg/g) average (1g/g) SD (mg/g) RSD (%)
1 13.733
2 13.717 13.712 0.024 0.174
13.686
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Fig. 1. Inhibitory effects of LJTM on nitric oxide and PGE»
production in RAW 264.7 cells. The production of nitric oxide
was assayed in the culture medium of cells stimulated with
LPS (1 p£g/ml) for 24 h in the presence of LITM (5, 10, and 20
rg/ml). Cytotoxicity was determined using the LDH method.
Values are the mean + SEM of triplicate experiments (¥*P <
0.05, **P <0.01 compared to the control treated with LPS). A:
Inhibitory effects of LITM on nitric oxide and cell viability
production in RAW 264.7 cells, B: Inhibitory effects of LITM
on PGE; production in RAW 264.7 cells.

Sl MEEAS 4o7)7|% SHtH(Murakami et al, 2007,
Moncada et al,, 1991), NOS AJAFs1= NOSE Al| ZUjjof| A5}
o] calcium®|Y calmodulin®] ©]&24 21 &ej2l constitutive
NOS (cNOS) @} calciumo]| H] 2|4 0 = T 2|4 2Lt &2 o]
N7} SAEE AL LRse} 22 Algte] Ut ofg] 71
cytokineol] o138} -2 &)= FES1 INOSS| 7 ek, LPS 2}
=rofl 2J8f) el H iNOSE= W F2 NOF A/dsHA = ofof
OJgh M 5/d2 FSHEE, Al29] Eﬂﬂol 2 %A Sl
&= ok Ao A Qv A5kt 22 &4
oAl NO®} iNOSe| o] 57}5101 SlZo] Hilwo] Qlrt
(Murakami et al., 2007; Lee et al, 2006), SAJAtA

], @5 ol S83 S = A oR OFEVJ NO
3 LITMY] 7S dolH gt} AAE NO 9 OF=
oY1l Aol 5l THsH N0, <] el 344
O, 1 AT LTMo] el LPS SHE A2l a5 o
LA o7 =2 NO A A axks w1kt 4= 9l Sich(Fig, 1A).

o]
rﬂ

o

1__":{':1
=

oz of¥
oft
=0
o

oAz @

W FEEe] BEEY o A3

MZ EAo) u]X= oI5

LDH{= B A|2E9] A|227 Qtof] EAfSk= B4R A pyruvic
acid 9} lactic acid 7F2] 714 A gto] Fhofslo] Zulj2-8-S 5]‘
o), LDHS WS 250| 521 v} 89} 02 Feluo}
LDH7} AFS3H} RAW 264.7 AJE(1.5 X 10° cells/ml) o) *] -
OREI}FLPS (1 1g/ml)E FA| A 2jsto] 2447k viefeE &, LDH
assay WS o]-85to] AliL A0S 2RI Axt, LITM 20 pg/ml
FEoA thar AliE=Ado] W HGlou U] Feoflk=
Mlz=/do] YehbA] ehtthFig. 14).

Prostaglandin E; R34 94| a3}

w8 2 Y dSHAC 54 qds 5
cytokine®l TNF—a &} IL-62] ¥Fal-S- A 3ljA|7] AL}, COX—2 &
3 AlkE 719181z PGE:9] A8/ A4S 83l pro—inflammatory
factor®] Z7He k6= WIS 248 4= 9L 7]
=THYoon et al., 2007). RAW 264.7 cello]] LITM (5, 10, 20
wg/m) T} LPS (1 pg/ml)E FA| Z2)slo] 244171 vleFst 3 PGE
2ELISA assay kitE ©]-835}o] PGE, A4 A &AS Selst
A5k, 55 92502 PR, A o] B BT 5
CHFig. 1B).

L
i 9=

Pro—inflammatory cytokine A 14| &%}
Pro—inflammatory cytokineS-2 AAFZZ]of|A e B
Db U T A B A4
[e]

Skt o] e 01 ]“}O] EJJJ et gk oje] 95E
Sht e 2] @Al eytokine=oll tet FAIE A2lotals o
FAo| A3t AtH(Kim et al, 2008; Kim et al., 2009), 9=
Ao F54 93RS 5lal Q= cytokine$l IL-132} 11L.-62]
WS AA7] AL COX-2 B/ A sloll 7]915H= PGE,©] A
d JAIE &3l pro—inflammatory factor®] F7H5 $HFsk=
By TS 2 AT} 2 9l 740 ethHeo ef al., 2010;
Ren et al, 2009). THAIA|ZS] RAW 264.7 N|ZEEE pro—
inflammatory cytokine®] 4 4| 4 =& ghIgh A}, LPS
A=A LITME: 34| A 2jsto] TNF-a} IL-6 A/g0] 5=
ojEA 02 Aok A AT 4= Uth(Fig. 2).
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Fig. 2. Inhibitory effect of LJTM on cytokines production in
RAW 264.7 cells. Cells (1.5 x 10° cells/mL) were stimulated
by LPS (1 1g/ml) for 24 h in the presence of LITM (5, 10, and
20 pg/ml). Supernatants were collected, and the cytokines
concentration in the supernatants was determined by ELISA.
Values are the mean + SEM of triplicate experiments (*P <
0.05, **P <0.01 compared to the control treated with LPS). A:
Inhibitory effect of LJTM on TNF-a production in RAW
264.7 cells, B: Inhibitory effect of LITM on IL-6 production
in RAW 264.7 cells.

3
SRS WHAZY &L oPlote] 55 2 2578l
Y WS U, olegh S5l thet A2 ExA]
s SR HgE), 244
Fe A YA FxAF A 2HEsh= AEaHAAHY
02 2ARS B7Jo| Y519 9 PGE, 2] F&7t 5715}o]
EulH 9] lipoxygenase”} Z7F5HA| E|w, o]of wp2 v|% 44
Ql f250] Yofut 552 WhE- O 24 writhing syndromes
EFYjA| EoH(Dannerman, 1977), o]of] & @A-tof|Al= T2A
Aol 2-8-8l= LITMO] X 52 574517 8l A= 71
SRYAIFEHE ol &atalon, AlF AR 60 Foll LITMS
g0l sheltt, 7L A} Fig, 304 YR ufel o], A=
O] o 22] writhing S14=0f] B|3te] LITME: 7345
o] 3t FEollA writhing 3157} A7 S4 = 3Ich(Fig, 3A),
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L

oL 1

Control 50 100 200

Fig. 3. Analgesic effects of LJTM on the acetic acid-induced
writhing test (A) and tail-flick latency (TFL) (B) test. Control
group received equal volumes of oral phosphate-buffered saline
through gavage and mice treated with 50, 100 or 200 mg/kg
b.w. of LITM via oral gavage. Values are the mean + SEM of
triplicate experiments. Significant values are represented by
asterisks (*p < 0.05 and **p < 0.01 compared to control).
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(MMPs) £} tissue inhibitor of metalloproteinases (TIMPs) &

o] o]g] 7[R EASL A0 dTy]|Z o] Haljol Fal T
o] Y= A= YA Lo, oo & Atof A= MIAY] <la]

0.8
06 -

0.4 4

Fold change (MMP-2/GAPDH)

0.2 A

# #H ##
0.0 4
NC OAC 50 100 200 IM
LJFE (mg/kg)
14
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T
g 1.0
T
Q
N
o 08
=
=
© 06 -
j=2)
c
©
=
© 04
et
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0.2 A
#
0.0 -
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12 7
__ 104
T
[a}
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o o8
g
E 06
:‘:ci» o
S 04 A
o
et
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" ##
0.0 4
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SukE 23] 2elof A MMP ¥ TIMP £-2] A3}skal x| %
WIS Selaly) 9js) B £l 85 ¥ dBRAE Rejsl]
Z 9 Ao /)X FHLAS whsie A Al

PZLR o

W FEEe] BEEY o A3
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Fig. 4. Expression levels of MMPs and TIMPs on LITM in cartilage tissue. RNA was extracted from the cartilage tissue of OA rats,
and the mRNA levels of MMPs and TIMPs were determined by the real-time PCR. GAPDH served as a house-keeping gene. The r
esults are mean = SEM of triplicates from a representative experiment (¥p < 0.05, **p <0.01 compared to NC, P<0.05,"P<0.01
compared to OAC). NC, Normal control; OAC, Osteoarthritis control; IM, Indomethacin 2 mg/kg.
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