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Effects of Achyranthis Japonicae Radix—containing mixture on monosodium
iodoacetate—induced osteoarthritis in rats
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ABSTRACT

Objectives : The present study was designed to determine the effects of mixture of Achyranthis Japonicae Radix,
Scutellariae Radix, and Acanthopanacis Cortex on monosodium iodoacetate (MIA)—induced osteoarthritis in rats.
The mixture was composed of Achyranthis Japonicae Radix, Scutellariae Radix, and Acanthopanacis Cortex extracts,
Methods : Arthritis was induced by injection of MIA into knee joints of rats, At the end of experiment, gross examination
on the articular structures of knee joints were performed. Proteoglycan (PG) contents in articular cartilages were
analysed as well, Tumor necrosis factor—a (TNF—a) and interleukin—18 (IL—1p3) contents in synovial fluids were
measured by ELISA method and matrix metalloproteinase 2 (MMP2), MMP9, and tissue inhibitors of metalloproteinase
1 (TIMP1) mRNA were measured by a realtime PCR.

Results : The surfaces of the articular cartilage were observed. The severity of osteoarthritis in the treated group
were alleviated compared with control group. PG contents in articular cartilages of the treated group were increased
compared with control group. IL—18 contents in synovial fluids of the treated group were significantly decreased
compared with control group, MMP2 and MMP9 mRNA contents in articular cartilages were significantly decreased
compared with control group and TIMP1 mRNA contents were increased compared with control group.

Conclusions : On the basis of these results, we concluded that Achyranthis Japonicae Radix—containing mixture
treatment has anti—arthritic effects on the MIA—induced osteoarthritis in rats. And the effects were related with

the reduction of IL—18 in synovial membranes and the consequent reduction of MMP2 and MMP9 expressions,

Key words : Achyranthis Japonicae Radix, Scutellariae Radix, Acanthopanacis Cortex, monosodium iodoacetate,
osteoarthritis, rat
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20.8%, 70t 36.1%= dAHo] wold4E AYE ZHEF
FHEol 343 SUIt gloH, FF =HIlo mE 3
Y F9HE E3t A 1S ALE oAdHET Busta
A,

HAA7IA] SHEAF] Na582 & 91 T2A E4E A
EE I EA7]= WEFo] ofYa A
< Eolx, 449 1yPE A4, #EY Ve 49 FE
A 17]h‘:ﬂ 0] ISt 22y, T SHEFY el
et A7 A E o] Hof whet B APE JAsiAY A
Al7]Z, AF 4% IBAZD £ e 2L ARHES 3V
A%t A7t sl Y= °”’+4>

FroJstol A S HE B B = Mg, AUA, E, BAE
ol £, B, Mok, BEERR, EHAR, 8%, D 2K 5
FAo] WAt EuEEY] WFe] FEY, RE FE
G VARRES ARSI AT, BRERES Q1A 9] Ak,
[RERZEER, TERUESS ¢ 7% AR R Aol A
st Ao FAFCEN WA=, HME FREE St
A =23t A BE FRETSHL RIS fhiEshs WS Haslof
k=

2 ATY A% AN 4l EE g B FEE
(Achyranthis Japonicae Radix, Scutellariae Radix, and
Acanthopanacis Cortex; henceforth ASA)-2 JEIMIEAE, i
BURIR, WS EAE fes 7H =R Y MRl &
|3 4 Y= EFon AP OTLE RAW264.7 A|Zo|
e S5 FAF A5 AAFATY. olo] B =RoME
monosodium iodoacetate (MIA)Z S8 = FIH/HEY 27|
mdo] ASAE Tty A5 W3l &34 FY AW}
BEEZEY] proteoglycan (PG) & #3t, &9 Y tumor
necrosis factor—a (TNF—q), interleukin—18 (IL—18) &=
Hal 2 g AZ 9 matrix metalloproteinase (MMP)2,
MMP9, tissue inhibitors of metalloproteinase (TIMP)1
mRNA H3E S35t Z/EE sEEE izt ASAY
aRE stz ek,

°l

R ER
1. A=

1) A==

A% 250 ~ 300 g W9 =3 Sprague—DawleyA 215
(Metz, d=HE FYst AP IFTEASH (RE
23+1 C, % 5515 %, 12A17F 7] HH) Wl A 1534 7t
AR Ao HFA7| 2L, Aol AHgstant AR7 e
AR (AEAR, =)t 2= A AFA st 2 5=
APAEL M tien FEAESI LS9 54 ol AA
3tE Tt (529 E smecae 15—-10-01),

iodoacetate (MIA) (Slgma USA)§ E%_-?.L *gE]
AEe (HEFEFY, Sl 5 mg/mle] == &35t

MIA A4S Azstgeh, 48 A Qo] N2 JF5ES
TPEA SRHAP T oS ST AWE 425G TRy dEe
253 % £WEF W= 47 MIA %—‘101111!2 FAFSHo
FIABEAL Ut

3) Aol XK=

ASAE FAEY GHEDAA ART FE2E (B ES A
g = 1:1:1, 70% o8tg 2£)& A|Zuto} ALgslgon,
B Bt ARE AR Y ok SR 22 20 mg/kg,
100 mg/kg, 500 mg/kg®] §Fo =2 Foisly| ] 22t 4 mg/me,
20 mg/me 100 mg/me=2 &3fF T, HAFTE AT B 5 ml/kg®]
Fo 2 AHFEAS AT FAHANRTLE ARESE celecoxib
(Sigma, USA)+= 10 mg/kg £F0 2 E43l7] 93 238
ol 10 mg/m¢ ZEE HEX|Z] 3 1 m0/kg

-, g OE X‘"F
o o AFEAsHL,

23]
(Sham group)Z <
0.1 mlZ —r*}ob. 2197 19 13] 742
At =7 (Control group)S %% WA} W 2+
MIA €94 0.1 mi-& FASIY FTHAES FLAIZIHEA 2197F
19 13 S7FE A5 o3tk ASA AXF (Treated
group)> F% SHEZ Well 242 MIA &9 0.1 ml-& FAF
sto] ZTEAS FLA7IEA 2143 1Y 18] 58 (20,
100, ® 500 mg/kg)& A7l stglch =TS ¢&F
&7 Well 242 MIA §9 0.1 ml& FAFete] 2HEY
FEAZIEA 2187 1Y 13] celecoxib (10 mg/kg)S AT
Fof skt

5) M=
AY A Y, 7Y, 149, 21Y o] BE AF
sl et

o =3

6) #=2| %2

A FEY BE AAE oH22 A=A AR &, 85
Twd B9 9 S F9E ddste] £uE B9E A
Z5t9lnh. A2d WAl FAE A ES 0.2 mtS
FUst] AR, A T SHEAS =3 AA AAA
2 A4S o]4-3k4d 3,000 rpmofl Al 1087+ AAIEHe A
A= goe HHstAct”. AHH FNL 8,000 rpmef A 10
w7 st & FANA AASIL FSHe HAA

H A O

ETrTE=E
7] “10ColA YRt G Hedt & 95 &F
A& 10% S22 o) 24417 AT FEE 25k
EAE9 &< B 9 Safranin O FAofl A3 T
7) BEAEC| |0t 2HE
1P 5 AT DY HEAE FHE 7Fe] A
3ta AM Zgsle] gotdor BAAZEAHY A S BF
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8) BT o| MA 4l proteoglycan (PG) SfSe Tt

ST AMEE AE EHEE 40% formic acidT
20% sodium citrate¥S EFO0 2 A2 E3]Noj I} 447
ek A7|HA EIAFT 2 T ST A5 JA
TGS TS GEHARl 2N YIS A whetd Eofsial
5um FA2] BHEHE Azt

A 29D BEAZYY PG HAS S9135l7] 93te] vbd
HE FEL Safranin O 9 ¥ Hematoxylin tiZ2GMS
AAXTIATE A& AokollA WHAZo] BF HO|E&E X
AXNAE F9s & 29 dE4 7] (Media Cybernetics,
Image—Pro Plus, USA)E ©]§3ld W& ¥ 9& BddZ 9
WA FHAZANAY BA=E SH5tAT FolA &
AE #HAdEY WY W BERr o] HHFS 10028 AL,
Zr Ao A wd W BEaeg abste] HEAEZ PG
Te-&=2 YUkt

9) &l Ll tumor necrosis factor—a (TNF—a) %!
interleukin—1p (IL—1p) &2 =X

g Y TNF-a« ¥ IL-18 #%F2 Enzyme-—Linked
ImmunoSorbent Assay (ELISA) kit (Thermo Scientific,
USAR EHstqt, & 9 FAS AFH plated] H7t
st 83| H2A|7] &, biotinylated antibody reagent
78l AEA7]3 streptavidin—HRP solutions Z2¢HA]
71 ¥] TMB substrate solutiong ©]-&3te] WA AL}, o]&
stop solution®Z HFES AAA|7]L ELISA reader
(Synergy2, USA)Z 450 nmol|A EZ =2 =43¢t

10) 9= L MMP2, MMP9 2! TIMP1 XX} gtsizt
=X

L

o

Z AEFEY AZE 20 mg¥ FHote] Eodof Y1 E
3}tk ©o]& QIAshredder column (QIAGEN, USA)E 9]
&5t AHEET & FH3) 2 E4 A4 RNeasy mini
kit (QIAGEN, USA)E ©|-&-3te RNAE F&314t}. o84
2% RNAE Quantitect RT kit (QIAGEN, USA)E °]&
5ko] RNA®] gDNA wipeout buffer® H71et% 42T oA 2
B7F "E&A|F T}, o]&F Reverse transcriptase?t RT buffe,
RT primer mixE H7lste] 42CoA 1587 BEEAIX &
95T oA 3E7E ¥H-EAIA cDNAZ §gd3t9rct,

d= 4 MMP2, MMP9, ¥ TIMP1 {AX WdzFe
QuantiSpeed Sybr Kit (PhileKorea, Korea)?} Z+Z}9]
primerE ©]§3}4 Realtime PCRYZ o|-&3lo A5ttt
(Table 1), Master Mix 10 ulo]] Z} gene ¥ templateS 3
7}t & RNase—free waterE 0]&3to] £ E52 20 w2
=it} o] A5 Rotor—gene Q Realtime PCR (Qiagen,
USA)E o]&3}e] PCRS 435192 (Polymerase activation
(957, 2 min), 40 cylce of Denaturation (95C, 10 sec)
and Anneal/Extension (60C, 30 sec)), EA9] Rotor—
gene Q series software 1,7 o|835}o] A3} t),

B3} &5 monosodium iodoacetate® 3%
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Table 1. Primer sequences of MMP2, MMP9, and TIMP1

Gene Template
Sense 5 —TGG TCC GAG TAA AGT ATG-3
MMP2
Antisense 5 —GTC CTT CTC AAA GTT GGTA C-3
Sense 5 —CTG GAA GGT ATT ATG TAA CC-3
MMP9
Antisense 5 —GAA GGA AGA ACC AAC ATC-3
Sense 5 —GGC TAA ATT CAT GGG TTC-3
TIMP1

Antisense 5 —GAG CAT CTT AGT CAT CTT G-3

m 2 3
1. & Fqof 23t A5 W3}
AY AL, 7Y, 14Y, 21Y o BE AFZY AFS S
AHstdch 1 Ad kB EoZ Qs A¥F 7he] A& Wzt
Rt (Figure 1).
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Figure 1. Effects of ASA Treatment on the body weight changes
of monosodium iodoacetate (MIA)—induced osteoarthritic rats.
Celecoxib (10 ma/ka. used as a positive control).

2, BEAEY S

72 Y7o T AT AYE SUo WA 2% A4
2o STAS TAHRE A2 29T BIAT BuL
ol g T A BEHT e AT 29
T HHAT BUE BE o)A 8ol Aot EHo]
ARglon], Bejo] et AZEwe] £4uo] Yot

a3 BE §FY ASA FE RFoFd Hddzzd
celecoxib AN A= AZ2 SH7o] ARt AL Ho| A
AA BFE QoY dz2Le v I Jees S3tE 3§l
it} (Figure 2),
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ASA

Positive control

scale bar T
Figure 2. Photograph of tibial platues. The articular surfaces of
tibias of sham group are smooth and glossy. Focal areas of
articular surfaces are discolored and some areas are deeply
ulcerated (arrow). ASA : ASA treated group (500 mg/kg). Positive
control : celecoxib treated group (10 ma/ka).

HHAZ 9 proteoglycan (PG) T4 ol

Safranine O GM3sle] 23 HAFO] BAAZ L2 A
AL B s A3 o] M=ol PG o] 53 AH=
TEEGY 27 HEASF TIRAE FHE AL
919l o} safranine O G0 & &7 AR ALY B AF
A ER] FShTh oFE RS ZE FEOAA tzdt H
A FAE He @ A=rt F7hE ] AUt (Figure 3). 2
AL EA7IE Sl EHE 4 FollA 9 safranine O &
AMAEE AT PG T2 Fristgct 2 27 34
L 100 £ 1.3%9 PG T§4&L HeElYeH gizZe
66.4 = 3.4%% FAHLE {ostA Aotk = 20,
100, # 500 mg/kg FoAwollA ¢ PG $Hi&S 42 73.7 +
3.1%, 83.2 + 3.9%, @ 89.1 + 2.5%2 Ljehyjo] oFE
100 % 500 mg/kg TN FAHLE F9% PG FH&
9] 3 &S Felg 4= AT} (Figure 4),

4, 8N Y TNF-a 2 IL-18 &F

g Y TNF—a 2 IL-18 32 Thermo ScientificA}2]
ELISA kitE 01%’5]'01 E3start. 1 A3 2 Y TNF—a
o] W e A 51.5 + 3.9 pg/mlS HERH e,
HE=T2 56.3 + 2.5 pg/me] TAFE el BTl
Hlal| o7t F71ete A UEHoy BAFCRE §o3%
Zpol= VrERER] skt oFE 20, 100, ® 500 mg/kg Fof
ToA= 42 52,6 + 3.1, 55,2 + 3.4, ¥ 548 + 3.7
pg/me] YAFS Uetlo] SAAcR {3t Afol= &<l
e 4 Yoy izl vis ozt Fadt= A e
At (Figure 5).

g | IL-159] L&
pg/mi& YeERflen, 2

Fe AT A$ 1237 £ 14.8
o + 8.7 pg/mie] H&

Positive control

scale bar IEFTIT

Figure 3. Safranine O stain intensity of articular cartilage of tibial
platues. Stain intensity of red color increased in proportion to
proteoglycan content (arrow). ASA @ ASA treated group (500 mg
/ka). Positive control : celecoxib treated group (10 ma/ka).

150+
s
3
[= * *
% 100- * - —
o _ oy =
% s el
[}
= 50+
[=2]
o
¥
o
S
o

O L] T L] T L] L]
Sham Control 20 100 500 Celecoxib

Figure 4. Effects of ASA treatment on the proteoglycan contents
in articular cartilages of monosodium iodoacetate—induced
osteoarthritic rats. Numbers in X—axis are ASA—treated concentrations
(20, 100, and 500 mg/kg respectively). Celecoxib (10 mg/kg,
used as a positive control). *: Statistical difference compared
with control group (p€0.05).

S Uetlio] B9 $% SERDA EAHoR G5
IL-159) GAe] F7H5192S AT 4 Uom, o2

20, 100, 2 500 mg/kg FoJFolALE 22 145.3 + 10.0,
119.6 = 15,4, @ 1257 *+ 8,7 pg/mi2] TAFS Vel o]
oFE 100 2 500 mg/kg TN BAZHCR Fogt IL-18
ol kg A av-E AT 4= 9131t} (Figure 6).
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Figure 5. Effects of ASA treatment on the tumor necrosis factor—a
(TNF—a) contents in synovial fluids of monosodium iodoacetate—
induced osteoarthritic rats. Numbers in X—axis are ASA—treated
concentrations (20, 100, and 500 mg/kg respectively). Celecoxib
(10 ma/ka. used as a positive control).
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Figure 6. Effects of ASA treatment on the interleukin—13  (IL—1p3)
contents in synovial fluids of monosodium iodoacetate—induced
osteoarthritic  rats. Numbers in X-—axis are ASA-treated
concentrations (20, 100, and 500 mg/kg respectively). Celecoxib
(10 mg/kg, used as a positive control). *: Statistical difference
compared with control group (p<0.05).

Y MMP2, MMP9, ¥ TIMP1 %2}
ki

3

7+ A% 580 AdZ2HE RNAS 323t 5 cDNAZ 4
st ol% Realtlme PCRYE o] 43lo] dAF Y MMP2,
MMP9, ¥ TIMP1 A% wd=e =Hsiqct 1 A
MMP2¢] ¥FgeEe iz (1,00 + 0,17)¢] H]a] k& 20, 100,
9 500 mg/kgS T AL 747 0.44 £ 0.15, 0.20
+ 0,12, 9 0.17 + 0.084]1¢] MMP29] HA=S Lehfjol
T YEHOoZ MMP29 HES AaAT= RS FRIEA
o BE AL FAHCRE Fo3t A atE el
Aot (Figure 7). /3ol MMP9S| A@AZFL2 =< (1.00
+ 0.15)9] H]3} k& 20, 100, E 500 mg/kge Foat AH
oA Z+2F 0,06 + 0,03, 0,16 + 0,12, ® 0,15 + 0,13
i ©] MMP99] & %*—% Uehfio] BE Aol FAHeR

2%t MMP99] 4 %.5: ays ge3tgt (Figure 8).
)31 TIMP1E] HEFS tfj =<t ( 0 + 0.14)] B|&) F=
20, 100, @ 500 mg/kgS Fo3F A FolA 242+ 3.06 +
0.39, 2.18 + 0.68, ¥ 2.69 * 0. 60uﬂ4 TIMP19] Wd=ks
Uehjo] oFE 20, 100, @ 500 mg/kg APl EAH o=
o5t Al TIMP19] H*ﬁ; F7H71= AL A = AN
t} (Figure 9).
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Figure 7. Effects of ASA treatment on the matrix metalloproteinase
2 (MMP2) mRNA contents in the articular cartilage of monosodium
jodoacetate—induced osteoarthritic rats. Numbers in X—axis are
ASA-treated concentrations (20, 100, and 500 mg/kg, respectively).
Celecoxib (10 mg/kg,, used as a positive control). *: Statistical
difference compared with control group (p¢0.05).
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Figure 8. Effects of ASA treatment on the matrix metalloproteinase
9 (MMP9) mRNA contents in the articular cartilage of monosodium
iodoacetate—induced osteoarthritic rats. Numbers in X—axis are
ASA—treated concentrations (20, 100, and 500 mg/kgrespectively).
Celecoxib (10 mg/kg, used as a positive control). *: Statistical
difference compared with control group (p<0.05).
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Figure 9. Effects of ASA treatment on the tissue inhibitors of
metalloproteinase 1 (TIMP1) mRNA contents in the articular cartilage
of monosodium iodoacetate—induced osteoarthritic rats. Numbers
in X—axis are ASA—treated concentrations (20, 100, and 500 mg/kg
respectively). Celecoxib (10 mg/kg, used as a positive control).
*: Statistical difference compared with control group (p<0.05).
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= A2 A ot w2kA o] MMP 7|59 A7t
BAY o) 9 89 3¢ "otk WE o] Sty
ZZ o] MMPS A A1 TIMP &do] AatE o] 9l
MMP2} TIMP 2 9] #80o] 7fAYSS & &+ vt 21
Hi 3, @A TIMPeF 22 J8E 3 5t= 4 MMPA
HAZE YIRS Tl 1 FEAAS Felsta ik wakA
=HEEY AT A=l MMPeF TIMPS| S&o] -
Fastet’,

2 =2 e e aed FAT =
=28 ASAS] BTAYY] Bt KA BeletuA AH
ST Y2 MIAS 35} %—ﬂ

>

(e

PG e %“LM TNF—a, IL 159 = 9 MMP2,
MMP9, TIMP1 ¥&&& Z343}%ct.

2 Aol AHEE MIAE A7 Yol YA B2 dZ Al
ZoA AgPEE AFAA Y glyceraldehyde—3—phosphate
dehydrogenase €45 A5, TEAZY AHZS A
A7), BHAZY HAAS oA ZTHEEE A=
EAZ, FE QR 3 ITHEE L AN BEAEY
&4, BEY 7153, 5 Y ol Ay 2E |
o) gA T BRaEgn Y B e g rEos
AF&3t celecoxib® AElZ COX-II AFAZ ZHEA(E3Y
A FAelY Ao &3, FutgAA H o FAolut
A3 o] 9512 S5 A YAlA AHgsta gl oFEo|ttH?)

AFFTES Td A= AHE Sete 2 T A MIAR
TEAE U iz FE 29T EAE ¥ BE
dojA Bd AF FHO FHFo] AR ¥l AF e,
FHo et = dZ8Ho] 24 E o] HEE HEo| Hol 9l
Atk I ASA OFE RN = A 32U 24 9 &
7 Aol &3tE o] AT

e A W S99 9L $Yst= PG @A &
e 4 ARG dEdRE FTEALNAE= PG A=Y Aavt
et BEH Fo] ExEo| Sl AZ9Y =HAAY HIE
of71&th, PGY w7t AP HE FHAAZY &4, 45H
Y 71AAEQ ddo] HMStEHA WA JE N9 ‘“"‘QVP
FhabE|o] £22Mg, oA ol o3t AEA Y AA, BA
EHo] gat JokEF Sol gols A ' pae) EHL
Safranine O @& &3 &= AFL 5 Ut 9] 3
PGRIFE TATH A3} ASA FolFo|A TAZHLE {2
PG &9 35S AT 5 AT

S gol Ay IL-18 59 cytokine?d] 4] F7}
311l collagenase, stromelysin 53} 22 E3g4 9] Eu|7}
F7tE]o] A AZY g7t o] FojRA=H] o] cytokine®] B4
91111% ZHAQY Ao YoIA wl¢ FaF abojrt'?

Ao ASA BN FAALE Fo% IL-1p

94 E A afE AT 4 Aot

IL-16& A3z, &, SaNz2RE MMPsY A1t
BHE SXAA 9= 7149 & ST A
oY B Aol A dZ U MMP2, MMPY, ¥ TIMP1 -§-47}
S ST 27, ASA Folof g3 TAZHLE {F-o5HA
MMP2 ¥ MMP99] @dE FaA7]= AL FstaeH,
ASA Folo o5 FAZHCE {54 TIMP1Y HAE F
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B2 woanE ugow, ot
IL-199] & oAS F3) MMP2 5L MMPOS] Uel3718
OASHI TIMPLY W 448 8% A7IE 71002 20y
ARENE WY AOR AZEM, B ATATRE oF B
Bo] o] it Arhhela SEAS Wl U TARE
488 5 UL A0 ST

2 fU% BUIG DA
}g wESHE ATE SPste] ofdfst e

2. Tk 5 5 FE2E22 MIAR §39% 28dd 2doA
29 W IL-1p9] Fd S7HE AR FofsHA o

At e,

3. i 5 B9 2252 MIAZ Fulet THEY mdofA
w4 AZ W MMP2 @ MMPYS] Ba571E AT
TIMP1¢] ¥HgS Z7pA| AT
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