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Effects of Curcuma longa Rhizoma on MIA-induced Osteoarthritis in Rat
Model

Young Jun Kim'

Department of Rehabilitation Medicine of Korean Medicine, College of Korean Medicine, Daegu Haany University

Objectives: The aim of this study was to investigate the anti-inflammatory effects of Curcuma longa rhizoma extract
in an experimental rat model of osteoarthritis.

Methods: Osteoarthritis was induced in rats by injecting monosodium iodoacetate (MIA) into the knee joint cavity
of rats. The rats were divided into 5 groups (Normal, Control, positive comparison, low (CL) and high (CH)
concentration groups). Rats in the low concentration (CL) group had MIA-induced osteoarthritis; they were treated
with Curcuma longa rhizoma extract at a dose of 50mg/kg body weight. Rats in the high concentration (CH) group
had MIA-induced osteoarthritis; they were treated with Curcuma longa rhizoma extract at a dose of 100mg/kg body
weight. Hind paw weight distribution and ROS levels were measured. At the end of all treatments, changes in alanine
aminotransferase (ALT), aspartate aminotransferase (AST), blood urea nitrogen (BUN), and creatinine levels were
analyzed. In addition, inflammatory protein levels were evaluated by western blot analysis.

Results: In this study, hind paw weight distribution significantly improved in the CL and CH groups, while. Reactive
oxygen species (ROS) production significantly decreased in both. The levels of ALT, AST, BUN, and creatinine did
not significantly change in either group. The production of nicotinamide adenine dinucleotide phosphate oxidase 4
(NOX4), p47"™ and Ras-related C3 botulinum toxin substrate 1 (RACI) decreased in both. Catalase, heme
oxygenase-1 (HO-1) and superoxide dismutase (SOD) significantly increased in the CL and CH groups, respectively.
Nuclear factor erythroid 2 (Nrf2) increased, but there were no significant differences between the experimental and
control groups. Inflammatory cytokines, including nuclear factor-kappa Bp65 (NE- £ Bp65), interleukin-1beta (IL-15),
and tumor necrosis factor-alpha (TNF- ), decreased significantly in both the CL and CH groups.

Conclusions: Our results showed that Curcuma longa rthizoma extract has anti-inflammatory effects.
Anti-inflammatory activity is regulated by the inhibition of inflammatory cytokines and mediators, such as NF-« B,
therefore, it suppresses cartilage damage as well.
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1) 82

tighatol @ (715, Sh)elA 7359 3 (200
~250g) Sprague-Dawley ratS FgHrol A3 g
7 2 1 AR (JPAL AL, EHE 56
Taoton, 2% (22£20) ¥ F& (55+5%)7F £
AE Ao ARsAoA 12417F 719 light-dark
HEE FA AHRE 157 ASAR & A Al
Aot EF SEAYY +94, HoHy Y
4 AE, BE4 Y 52 Hsto] did
sty FEAEST 98] (Institutional Animal
 IACUC)Y 59l (5
H3: DHU2018-024)S it

Care and Use Committee

2) Ao

E A8]o] ARE-E potassium phosphate monobasic,
potassium phosphate dibasic, 2,2-Diphenyl-1-picrylhydrazyl
(DPPH), 7 mM 2,2'-azino-bis(3-ethylbenzothiazoline
-6-sulphonic acid) (ABTS), phenylmethylsulfonyl
fluoride (PMSF), monosodium iodoacetate (MIA),
dithiothreitol (DTT)= Sigma Aldrich Co., Ltd. (St.
Louis, MO, USA)O|A #3513t NADPH oxidase



4 (NOX4), p47"™, Ras-related C3 botulinum toxin
substrate 1 (RAC1), nuclear factor erythroid 2 (Nrf2),
heme oxygenase-1 (HO-1), superoxide dismutase
(SOD), catalase, glutathione peroxidase (GPx),
nuclear factor-kappa Bp65 (NF-£Bp65), tumor
necrosis factor-alpha (TNF-¢), inducible nitric
oxide synthase (iNOS), interleukin-1beta (IL-15)2]
B-actin, histone¥} 2%} antibody= Santa Cruz
Biotechnology (Santa Cruz, CA, USA)°A T3}
Gt} Matrix metalloproteinase (MMP)-2, MMP-92}
tissue inhibitor of metalloproteinases (TIMP)I,
TIMP29] 12} antibody+= Thermo Scientific (Rockford,
IL, USA)ZHE FUsI3ct. TI8)21  Protease
inhibitor mixture, Ethylenediaminetetraacetic acid
(EDTA), alanine aminotransferase (ALT), aspartate
aminotransferase (AST) assay kit (Wako Pure
Chemical Industries, Ltd., Osaka, Japan)E -5}
of ARESIFTE. Blood urea nitrogen (BUN)Z}
creatinine assay kit= OMAFA|FFASAL (314, St
oA FY5HLE  Nitrocellulose  membranes2}
ECL Western Blotting Detection Reagents+
Amersham GE Healthcare (Little. Chalfont,
Buckinghamshire, UK)o|A 4otct. chla =
TS 9ole] BCA protein assay kitE Thermo
Scientific (Rockford, IL, USA)IA F#Q5to] Ar&
stk

3) A ==

2 AFo|M= ##E (Curcuma longa rthizoma)g
IoRE (e, BEhol FRlsiel 4ok 72T
of o} TS siglon], kATl T A
S AAlsto] ARt 300g £2Fo 30% EtOH
3000062 7Hste] 2417t 5 Qe 23|01 53
sto] P FZNLS NO 2. paper filterS AR5}
AT, QAL P} ZRAAZ 55T F 4

ol ARGt HiE FEEY $&2 7.01%3

o] MIA §& Z3EY wdo] nA: I (353)

4) A717|

B AYoAE W 214 AR (@HA,
A&, 3H2), AE-6530 mPAGE (ATTO Corporation,
Tokyo, Japan), AAAZA (FI2, ¥, TH), BX-51
H3} du]7 (Olympus, Tokyo, Japan), Deep-freezer
(Sanyo Co., Tokyo, Japan), DWT-1800T (t}-3-H}0]
2, 344, $k2), Incapacitance Meter Tester 600
(IITC Life Science Inc. Woodland Hills, USA),
UV spectrophotometer (Infinite m200 pro, Tecan,
Ménnedorf, Switzerland), Sensi-Q2000 Chemidoc
(FAAPIAA, A&, ), Vortex mixer (Vxmnal,
Ohaus, NJ, USA) 9] 7]7]15 Ar83}9ich

2. 4
1) KE 42 &%
A3 E# 30% EtOH 3ZEL2 HPLCE °]

45ko] curcumin SFS EASIQT EEEOR
SigmaAt] curcuming ARESITE. columne Zorbax
Eclipse XDB-C18 (4.6mnx150m)< 40C = SAA|A
ARESHATE 52 1.0m/minC & S 10 wE
Fdsto] 420nmefA FESIITE ol A 0.1%
formic acid $8%-E, BE= formic acidS 0.1% 3]4]
S} acetonitrile2 ARSI OH, A 21 65%, B &4
35%9] LAt 202 BATE 35% Isocratic elution
modeS AESFIT. FAE£7 Table 13} L.

Table 1. The Operating Condition of HPLC for Analysis
of Curcumin

Instrument Agilent 1260 series

Column Zorbax Eclipse XDB-C18 4.6 mm x 150 mm
Mobile phase A (0.1% formic acid in water)

B (0.1% formic acid in acetonitrile)

Detector 420 nm

Flow rate 1.0m{¢/min

Temperature 40°C

Injection volume 10u(
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SHEAE FEAPIA & T2 AR Rat
of ulxAl Zoletile mixture (Virbac, Carros,
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HEY A2 gl AdEEY =5 75 FHe
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8) DPPH free radical &/ &4 &3

## 30% EtOH FE29] JAitet &7 B4& &
ok WHOE Blosiso] 23t DPPH free radical
a7 AP, 10040 AHE Az}
10040} 60xM DPPH &2 o] E9igt 7, A2
oNA 302 & A o] ¥3Z 540mof A
UV spectrophotometerS ©]-8slo] ZTJLE =75}
o AHESIA. FHEE 50% HaAlet 8
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9) ABTS free radical 27 &4 =X

Hi# 30% EtOH 32E9] A8 474 A4S
7Fsl7] 9I5to] ABTS free radical A4&4<
t99th?.  7mM  ABTS, 2.45mM
(Potassium persulfate) Z5H40] o] 1247k S<t
g AHE WRAIKL F, o] HRFAZ 415mofA]
EtOHE ARgsto] 0.70+£0.029] TJL 2 HASHA
ot 9540 ABTS &9o] A= 545 H7lsta 158
S BESAIR & 415molA FBEE St

10) 83 LY AM3E AEA HIO|R0H 5X

doje =opguols Aslol 4000pmOE 10
B =oF 44 Egsle] FHES Al reactive

oxygen species (ROS)9 &AL st} 25mM
DCF-DAE 33t thg 3% F=AE ARESHo] 0
HEE uf 5Eoit 530nm emission wavelength2}
485nm excitation wavelengthS 0]835}o] 30& ot
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11) Western blot

TazANA A2EE D7) 9f5te] 15mM CaCl2,
100 mM Tris-HCI (pH 7.4), 2 mM MgCI2, 5 mM
TrissHCI (pH 7.5), 0.1 M DTT, 1.5 M sucrose,
protease inhibitor cocktailZ 7|3t buffer AS ¥
3 El4r 180l (Biospec Products, OK, USA)
ol&sto] Eafsto] 10% NP-40 42 715t
Ice oA 2087+ FAAZ] T 12,000 rpm 2
287 59 YA Esto] AxdE xgele A5
He EEolgitt. dS 7] flsto] 10% NP-407}
A7} buffer Ao 23] AHojWiar, 100409] buffer C
(10% glycerol, 50mM KCIl, 50mM HEPES, 1mM
DTT, 0.1mM EDTA, 0.3mM NaCl, 0.1mM PMSF)
£ A7Ysto] ARF AIXl o 102 HE2E vortex
2 33] sF9th 4CoA 12,000pmlE 102 F9t
AR F HE xZedole FFAS Dol 80T
oA Z7t Y&ste] Haeiltt. e xA] AxEl]
NOX4, p47™* RACI HO-1, SOD, catalase, GPx,
iNOS, TNF-¢, IL-18, MMP-2, MMP-9, TIMPI,
TIMP2 Z}Z}9] B-actin®} AU NF-¢Bp65, Nrf29]
Histone @& BrdS 24517 YA 8~15%
SDS-polyacrylamide gel ARE-0to] 10yg TS
71953t F, acrylamide gel2 nitrocellulose
membraneC. 2 O|ZA|ZTh FH|E membraneo] ZF
Z}9] 1%} antibodyE *|2]5}al 4T A overnight A
71 & PBS-TZ 62 7t407 53] AH5iqch. 42
A" 1& antibodyo] °©]&EE 23} antibody
(PBS-TE 3]4J5}9] 1:3000 H]&&E AM)E ©]-83}0]
FZoA 1A BEGAIZL B2, PBS-TE ARSI
6% 7HA 02 5x1E A&ttt E3L GE Healthcare
9| enhanced chemiluminescence (ECL) 88 =&
AJZ] TS, Sensi-Q2000 Chemidoco] ZFZAIAA T
i dled-S 3F15kal ATTO Densitograph Software
(ATTO Corporation, Tokyo, Japan) T2 133 A}
§oto] 37 bandE HFSIAH

fu otlw rlo
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A F F 55 T 2 A U2 10%
EDTA7} 235HE 10% formalin -0 @714 &
eS| A ZAt}. Radiographic techniqued ARE-5}o]
G55 &9Ist H paraffin waxo] ¥EE Y11
A5t & coronal sectionS A|Y5Sict €3] 14
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, Hematoxylin and eosin (H&E), Safranin O
7 27 48 BRI, 95 e
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2E u% Zh 8 81t Rato] AWt 5 31
A HAGE ALt ontE Y Augke Hdd E
ZoA2 HASHETE EAAZ= SPSS (Version
22.0, IBM, Armonk, NY, USA)S o|&319i0H, T}
SHIL AP A 57 o AAE HYLE one-way
analysis of variance (ANOVA) testE AA|5lo] 571
22t Apolo] gk AxkAQl AAHE WA AP &
7t AJo]7} ERQIE A] least-significant differences
(LSD) test2 AFBAZE Blol 27k0] SIS 27

SHATE. p-value < 0.059014 oS ASoI3T

2
1. d2 24
HPLCE o]8slo] ## 30% EtOH ZZE9]
pattern E-A43F A3}, 420nmo]|A] retention time©]
23.56%, 28265, 33.7758H0] peakE L}E}‘H‘”E}
HPLCE o83t 724 23} ¥ 30% EtOH +
259 curcumin FFE 0.72mg/gCE  UERGT
(Fig. 1).
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Fig. 1. HPLC profile of combined extract of Curcuma
longa rhizoma 30% EtOH extract.
(a) Chemical structure of Curcumin (Cy1HaQs), (b) Linearity curve of

curcumin, (¢) HPLC profile of Curcumin and Curcuma longa rhizoma
30% EtOH extract.
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Table 2. Body Weight and Food Intake

Body weight Food intake
Group — - -
Initial (g) Final (g) Gain (g) (g/day)

Nor 329.91 +£6.53 373.82+£9.04 43.91+5.63 2276 +1.84
Con 310.73 + 12.47% 355.64 + 16.45" 4491 +6.88 20.74 £3.03
Indo 312.00 + 14.61 356.00 +27.56 44.00+17.26 20.31+1.00
CL 305.78 + 8.54 339.56 +19.49 33.78 £20.33 21.85+1.14
CH 31533+ 12.94 360.22 + 15.87 44.89 + 6.15 22.18+0.97

All data are expressed as the means + SEM, n=6 rats per group. *, Significantly different from the normal (#, p¢0.05 ; #* p¢0.001). Nor;
normal rats not receiving MIA with normal diet, Con; MIA-induced osteoarthritis rats treated with water, Indo; MIA-induced osteoarthritis rats
treated with indomethacin 5 mg/kg body weight, CL; MIA-induced osteoarthritis rats treated with Curcuma longa rhizoma extract at a dose of
50 mg/kg body weight, CH; MIA~induced osteoarthritis rats treated with Curcuma longa rhizoma extract at a dose of 100 mg/kg body weight.

3. X LY
1) ALT
ALTE 243t A7}, AARE 2.70£0.20 TU/LY|| H]

O

L &4 X E

HI

A 2 69.80+6.60 TULZ Z45}41, CH o
84.56 + 145 IULE Z7Ft9ou BF So4e
AT (Fig. 3).

slo] 2L 3.16+0.14 IULE S71519th di%
=] Hls}oq Indo FoJF-& 3.524029 UL, CL & 4. X L ME 24 XE 2
oJFL 3614023 IUL, CH E4FS 3.56+0.09 1) BUN
IULZ F7tst9ont B o2 QISltt (Fig. 2). BUNZ 3743t 23}, A 14.5120.6 1mg/dLo]
Hato] thREL 15.99+0.31 mgdLE Z7}eHict.
2) AST 2o H3te] Indo EGIZL 17.1420.75 mg/dL,
ASTE 3743 2n, A 6217223 TU/LA] EojFe 16.03+0.59 mg/dLE Z7}51911 CL
Hjste]  RFL 77.06:231 IULE  $o4  FolZS 14655025 mgdlE ZAsiglod mE
(p<0.01) A 71519k tiz2ol Blste] Indo & -S4 QT (Fig. 4).
oL 81.3443.19 IULE 2718191, CL Eoj
457 100
41 90
35 1 1 © I
31 70 T
=0 4 L LI 60 T
*] 40
15 4 w0 |
" 20 A
05 1 10
0 o
Nor Con Indo cL CH Nor Con Indo CcL CH

Fig. 2. Alanine transaminase (ALT) in serum.

Refer to Table 2 for groups. All data are expressed as the means
+ SEM, n=6 rats per group. There is no significant difference in
the experimental groups.

Fig. 3. Aspartate transaminase (AST) in serum.

Refer to Table 2 for groups. All data are expressed as the means
+ SEM, n=6 rats per group. #, Significantly different from the
normal (##, p¢0.01)
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2) Creatinine

CreatinineS Z743t Z3}, BAZE 0.98+0.07
mg/dLo] H|gto] RS 0.83+0.15 mg/dLE ZAa
si9ich tjZ&7o] H|ste] Indo FF 1.01+0.08
mg/dLE 27151991, CL B2 0.67+0.10 mg/dL,
CH FoZL 0.67+0.14 mg/dLE 74590t =
F f9492 13t (Fig. 5).

18 -
16 |
14 -

12

10 A

BUN level (mg/dL)

[ AT ]
L

MNor Con Indo cL CH

Fig. 4. Blood urea nitrogen (BUN) in serum.

Refer to Table 2 for groups. All data are expressed as the means
+ SEM, n=6 rats per group. There is no significant difference in
the experimental groups.

o= HAFE 97.45+10.899] H|Gl0] TRIL 279.32
+ 55822 o4 (p<0.001) A S7FHA. Bz
o] Hl5le] IndotS  191.39+77.62E 894
(p<0.05) YA 7A5IYL, CL Foe 258.16+
103.428, CH FoJ-& 230.36+108.485 7HA5HY
01,]- O _Q]J\LQ 04%4\:].

MIA FA 353 3 kg A5 Fof Hale A4
T 102.94+21.879] Hlsto] RS 644.25+239.77

T4 (p<0.001) A S7Fstich txTol H
5lo] Indod- 127.89+54.03, CL FodL-& 257.79+
62.75, CH Fol2 160.98+65.472 2% 894
(p<0.001) QA 7A5}FTH (Table 3).

120 4

100 + T

080 +

060 4

Creatinine (mg/dL)

040 -

020 +

000

MNor Con Indo CL CH

Fig. 5. Creatinine in serum.

Refer to Table 2 for groups. All data are expressed as the means
+ SEM, n=6 rats per group.There is no significant difference in the
experimental groups.

Table 3. The Changes in Relative Hind Paw Weight Distribution in MIA-induced Osteoarthritis Rats

Group 0 weeks 1 weeks 2 weeks 3 weeks
Nor 100.18 + 14.97 98.66 + 12.03 97.45 + 10.89 102.94 +21.87
Con 106.90 £ 15.84 180.14 + 49.22% 279.32 + 55.82 644.25 + 239.77%
Indo 103.25+13.10 204.26 + 36.02 19139+ 77.62" 127.89 + 54.03™
CL 109.11 + 14.74 194.94 £72.15 258.16+ 103.42 257.79 £ 62.75™"
CH 97.47 £ 13.11 193.96 + 69.76 230.36 + 108.48 160.98 + 65.47™

All data are expressed as the means = SEM, n=6 rats per group. Refer to Table 2 for groups. #, Significantly different from the normal

(* p€0.01 ; #¥ p0.001). *, Significantly different from the control (', p¢0.05 ; ™
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Fig. 6. Scavenging activity of Curcuma longa rhizoma 30% EtOH extract on DPPH radical.
(A) Scavenging activity of L-ascorbic acid against DPPH radical, (B) Scavenging activity of Curcuma longa rhizoma 30% EtOH extract against

DPPH radical.
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Fig. 7. Scavenging activity of Curcuma longa rhizoma 30% EtOH extract on ABTS radical.
(A) Scavenging activity of L-ascorbic acid against ABTS radical, (B) Scavenging activity of Curcuma longa rhizoma 30% EtOH extract against

ABTS radical.

6. DPPH radical 275

#2229 Bt AUS Zge] gl
DPPH free radical 275 S4HH-E o]&3a1% o,
shaksl gyt dd] ¢e]A L-ascorbic acid T
o8 ARgste] Z4stglen &4 AR tixad
L-ascorbic acid®] ICsy g 1.20+0.01 yg/mlC.2 1}
Ehgtom Hi 325 1Cs gh2 148.46+0.61 ug/ml
o5 YeiTh (Fig. 6).

7. ABTS radical AHs

¥ 3259 ABTS free radical £7% 24 24

I} )29 L-ascorbic acid®) ICsy Z-2 3.30+0.09
ug/mlE JEFEOH FE FE29 ICs 2 6538
+0.83 pg/ml= HEHSLTH (Fig. 7).

8. B Ul MsiE AEFA H0|QOP B3
Bk AEAA Slolo. uAel ROSE E4T 2
3 AAE 3416.32+608.85 fluorescence/min/m{©]
H|5}o] TR 4366.42+539.82 fluorescence/min/
$914 (p<0001) 51 F7NISHEE. Tzl
H|5}0] Indo 0TS 2300.71+451.42 fluorescence/
min/n{, CL FoJ2 3069.39+647.93 fluorescence/

hitp://dx.doi.org/10.13048/jkm.19026 43



(360) Journal of Korean Medicine 2019;40(3)

6,000 -
5,000

4,000 + "'

ROS
(fluorescence'min/mé

3,000 -

2,000

1,000 -

Nor Con Indo CL CH

Fig. 8. Oxidative stress biomarker (ROS) in serum.
Refer to Table 2 for groups. All data are expressed as the means
+ SEM, n=6 rats per group. #, Significantly different from the
normal (###, p¢0.001). *, Significantly different from the control
(*** p€0.001).

min/m{, CH Fo]7- 2839.19+591.11 fluorescence/
min/m 2 2T G4 (p<0.001) UA FASHAH
(Fig. 8).

9. BEXX| Lf NADPH 0{7f QIXt 24

1) NOX4

NOX4 Tl ZAg o Ax}, A4 1.00+0.07
of Hlst] tRFEL 1.82+02302 Tfd o]
T (p<0.01) A S7FRIAH. dizZoll Hlste]
Indo FoJFE 1.68+0.10, CL TS 1.65+0.11,
CH FolZ2 1.64+0.172 BT ZHasigioy 89
3L ATt (Fig. 9).

2) p47Phe

pA7" Ty RS g Axk, A 1.00£0.11
of Hste] RFLS 1.40+0.172 TRg WHo] =
il e B

o] H|3}o] Indo FoFL 1.10+
0.10, CL Eoj72 1.31+0.17, CH o
0.172 Zastgoy rE 904

10).

rlo I
£
[
[
o
[\
H_
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Fig. 9. Western blot analysis of NADPH oxidase 4 (NOX4)
expression.

Expression levels in the MIA-induced osteoarthritis rats. Refer to
Table 2 for groups. All data are expressed as the means = SEM,
n=6 rats per group. #, Significantly different from the normal (##,
p¢0.01).

p47phox ‘ |

B-actin ‘ |
20 4

00

Mor Con Indo cL CH

Fig. 10. Western blot analysis of p47"™* expression.

Expression levels in the MIA-induced osteoarthritis rats. Refer to
Table 2 for groups. All data are expressed as the means = SEM,
n=6 rats per group. There is no significant difference in the
experimental groups.

4) RAC1

RACI &8 BAS 3 A3 A< 1.00£0.20
of Hloto] R 2.28+0.198 S-914 (p<0.01) 9
A S Wlo] S7kskglth tixtol Histe] e
4 ddo] Indo FotE 145+0.182 oA
(p<0.05) QA ZAAL, CL EZL 1.79+0.39,
CH FolFe 1.52:0342 7astgoy fo4e
AN (Fig. 11).
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Fig. 11. Western blot analysis of Ras-related C3 botulinum
toxin substrate 1 (RAC1) expression.

Expression levels in the MIA-induced osteoarthritis rats. Refer to
Table 2 for groups. All data are expressed as the means + SEM,
n=6 rats per group. #, Significantly different from the normal (##,
p¢0.01). *, Significantly different from the control (¥, p¢0.05).

10. 2HEXZ] LY ghhts CHfE 2M

1) Nrf2

Nif2 Tl BAS g 23}, A3 1.00+0.159]
H|5to] TRFEL 0.77+0.072 ©hhd WEo] 7+4s)
ok thxo] Hsle] Indo TS 0.95+0.09,

CL EOH; 0.95+0.10, CH §ol3- 0.89+0.142
7RI B Fo)4dE T (Fig 12).

Nef2 [ — — o |
Histone [ S0 SN S S |
15 -
_ 10 T
=z
= 05 A
00
Mor Con Indo CcL CH

Fig. 12. Western blot analysis of nuclear factor erythroid
2 (Nrf2) expression.

Expression levels in the MIA-induced osteoarthritis rats. Refer to
Table 2 for groups. All data are expressed as the means = SEM,
n=6 rats per group. There is no significant difference in the
experimental groups.

o] MIA 9% ZWEQ wdd nXE= 9F  (361)

HO-1 @4 BAS gt 23}, FAE 1.00 + 0.16
o] "5l TRLL 0.76:0.0308 Tld d&o]
B3}l Indo BT 1.06+
0.06, CL EoJL-2 1.04+0.092 824 (p<0.05) 9
A F7¥EAAL, CH £ 0.96+0.062.2 F7}ot
Ao FodE Al (Fig. 13).

HO-1 [ - ame ot |
B-actin ‘
15 4
#* *
1.0 T L
z
=05 4
0.0
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Fig. 13. Western blot analysis of glutathione heme
oxygenase-1 (HO-1) expression.

Expression levels in the MIA-induced osteoarthritis rats. Refer to
Table 2 for groups. All data are expressed as the means = SEM,
n=6 rats per group. *, Significantly different from the control (¥,
p¢0.05).

3) SOD

SOD i l"cc He o AT 3 1.0040.199
El5te] HEFS 0.62 + 0.04% ThE W] {o
8 (p<0.05) °‘7ﬂ iﬁ}‘i‘i“% dizzo] #l5te] Indo

B0 1.0440.1302 &
1, CL E0j3LL 0,95+
A9l (Fig. 14).

2oL 1.03+0.08, C
94 (p<0.05) A 37}‘6}
0.14% Z7}st9i o) 8ol

4) Catalase
Catalase A FA4g 3 23, AL 1.00+
0.119] H]3to] RS 0.98+0.052 THHZ ¥F

Aaopye}. ti2o] Hoto] Indo Foit
0.100.2 $94 (p<0.05) A ﬂakw, CL &
o] 1.5540.19, CH 5oJF 1.64+0.172 2%
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{fold of N)
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Fig. 14. Western blot analysis of superoxide dismutase

(SOD) expression.

Expression levels in the MIA-induced osteoarthritis rats. Refer to
Table 2 for groups. All data are expressed as the means = SEM,
n=6 rats per group. #, Significantly different from the normal (#,
p¢0.05). *, Significantly different from the control (¥, p¢0.05).

Catalase ‘* e e — -‘

B-actin | — |
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20 1 Rk
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Fig. 15. Western blot analysis of catalase expression.

Expression levels in the MIA-induced osteoarthritis rats. Refer to
Table 2 for groups. All data are expressed as the means = SEM,
n=6 rats per group. *, Significantly different from the control (¥,

p(0.05 ; **, p(0.00).
24 (p<0.01) Al S7I8HAH (Fig. 15).

5) GPx

GPx Tld BAS g A, FAE 1.00:0.140]
Bllo] t2ES 0.80 + 0.0602 Thld uo] 7t
A5F9t). gj2of| H]sto] Indo B2 1.0620.11
= g ‘ﬂE*T-iOl 9914 (p<0.05) YA Z7}5t%a
CL %ofF 0.94£0.06, CH £0IF 0.87£0.05% 37}

stgont R3S gt (Fig 16)
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Fig. 16. Western blot analysis of glutathione peroxidase
(GPx) expression.

Expression levels in the MIA-induced osteocarthritis rats. Refer to
Table 2 for groups. All data are expressed as the means = SEM,
n=6 rats per group. *, Significantly different from the control (¥,
p¢0.05).

11, BEXZ| L B3Y cytokine & D7 QIXt

i

1) NF-kBp65

NF-xBp65 Tz BAS o1 Ayl AL 1.00+
0.189] Hlote] R 2.30+0.512 Telg UHo]
T4 (p<0.01) UA F7Feoict. thzo] Hlsto]
Indo Foj#2 1.14+0.20, CL EojZ-& 1.01+0.20,
CH BEojZ-2 1.0240.112 E% 994 (p<0.01) 2
A At (Fig. 17).

NF-xBp65 | S S

3.0 A 22
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Fig. 17. Western blot analysis of nuclear factor-kappa B
p65 (NF-kBp65) expression.

Expression levels in the MIA-induced osteoarthritis rats. Refer to
Table 2 for groups. All data are expressed as the means = SEM,
n=6 rats per group. #, Significantly different from the normal (##,
p<0.01). * Significantly different from the control (**, p¢0.01).



2) iNOS

iNOS Tl 1‘5:4% ot A3, 4
Hjgto] t2Fe 1.86+0.2302 Thild
% (p<0001) ‘7ﬂ Z7l519ih. gizgo] H|shod
Indo FOJ72 1.4940.10, CL Fol-2 1.82+0.16,
CH FolT-2 1.6540.128 B% ZAsigoLt $9
32 At (Fig. 18).

AF 1.00+0.089]
il

A "ol {9

iNOS | —
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Fig. 18. Western blot analysis of inducible nitric oxide
synthase (iNOS) expression.

Expression levels in the MIA-induced osteoarthritis rats. Refer to
Table 2 for groups. All data are expressed as the means = SEM,
n=6 rats per group. #, Significantly different from the normal (###,
p<0.001).

3) TNF-a

-o EHE BAS 6& A3}, = 1.00+0.07

of "loto] thEa 1.

4 (p<0.01) S ~7}o} ot ti&to] Hlstod

Indo £0jZE 1.51+0.1008 ZAsilol 894

2 99loH, CL FEoiZe 1.26+0.19, CH ol

1.28+0.222 BT 994 (p<0.05) UA T4

(Fig. 19).

4) IL-18

IL-15 ©9d BAS o 23}, F4<
of H|ste] = %2 44038 TR
4 (p<0.001) A F7ketlch tizxtol H|sto
Indo §0J-2 1.67+0.15, CL FoF-L 1.69+0.122
oA (p<0.05) UA AL, CH Folat E3F

ol MIA R 2TEY 2l njA: I9F  (363)
TNF-o. | - me
p-actin ‘ ‘

25
20
g 15
2 0] =
05 |
0.0

Mor Con Indo CcL CH

Fig. 19. Western blot analysis of tumor necrosis factor-alpha
(TNF-a)) expression.

Expression levels in the MIA-induced osteoarthritis rats. Refer to
Table 2 for groups. All data are expressed as the means = SEM,
n=6 rats per group. #, Significantly different from the normal (##,
p¢0.01). *, Significantly different from the control (¥, p¢0.05).

B—actln | -‘
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Fig. 20. Western blot analysis of interleukin-1beta (IL-1
B) expression.

Expression levels in the MIA-induced osteoarthritis rats. Refer to
Table 2 for groups. All data are expressed as the means = SEM,
n=6 rats per group. #, Significantly different from the normal (###,
p¢0.001). *, Significantly different from the control (¥, p(0.05 ; **
p<0.01).

1.4840.0322 894 (p<0.01) YA 7Lt

(Fig. 20).

12. HEZZ| Y
1) MMP-2

CHIE] 25 QIR 24

o #ste] dizate 1 1
24 (p<0.001) 37 —7}0} o} dizol Hlste]
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Fig. 21. Western blot analysis of matrix metalloproteinase—2

(MMP-2) expression.

Expression levels in the MIA-induced osteoarthritis rats. Refer to
Table 2 for groups. All data are expressed as the means + SEM,
n=6 rats per group. #, Significantly different from the normal (###,
p¢0.001).
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Fig. 22. Western blot analysis of matrix metalloproteinase—9

(MMP-9) expression.

Expression levels in the MIA-induced osteoarthritis rats. Refer to
Table 2 for groups. All data are expressed as the means = SEM,
n=6 rats per group. #, Significantly different from the normal (#,
p¢0.05). *, Significantly different from the control (¥, p¢0.05).

Indo FOIF 1.48+0.08, CL FoiF 1.62+0.09, CH
EojZ 1.57+0.1308 7HAst9ot goe gl
th (Fig. 21).

2) MMP-9
MMP-9 Thii BAo —c'z} A3k, AL 1.00+0.13
of Hgt] RS 1.62+0.200.2 thld Hgo]
T (p<0.05) A 37}6}‘2'14. tjztof] Hlsto]
Indo oIS 1.2840.17, CL EJ LS 1.17+0212

48 http://dx.doi.org/10.13048/jkm.19026

HAsr9ou 79482 §l%leH, CH ol 0.96
+0.192 94 (p<0.05) A Aokl (Fig. 22).

3) TIMP1

TIMP1 Tl ZAZ oF A3, A4 1.00£0.21
of Hlgte] RS 0.88+0.08% TH O] HHHo]
ZHasl9de). tizo] Hlsle] Indo FofS 1.52+0.18,
CH Foj2& 15303308 2T 894 (p<0.05)
AA Z7¥5199a, CL FolS 1.43+0.152 Z7}s}
Ao FodE At (Fig. 23).
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Fig. 23. Western blot analysis of tissue inhibitor of
metalloproteinases 1 (TIMP1) expression.
Expression levels in the MIA-induced osteoarthritis rats. Refer to

Table 2 for groups. All data are expressed as the means = SEM,
n=6 rats per group. *, Significantly different from the control (¥,

0{0.05).

4) TIMP2
TIMP2 ©Haial BA8 5t Ax} AAE 1.00+0.18
o

Ko
o Hlglo] ThRLL 0.84+0.058 A wHEo] 7+
A5HIe}. &) B|5le] Indo Fojw-S 1.02+0.08,
CL Eo7L 0.95+0.06, CH £l 1.08+0.132.
71t o FoAdE Tt (Fig. 24).
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Fig. 24. Western blot analysis of tissue inhibitor of
metalloproteinases 2 (TIMP2) expression.

Expression levels in the MIA-induced osteoarthritis rats. Refer to
Table 2 for groups. All data are expressed as the means = SEM,
n=6 rats per group. There is no significant difference in the
experimental groups.

fio] MIA = Z28dY 2 vA= 9F  (365)

Qlste] &uF 24, AF 229 R Qlsto] &4
o uehdth tazd ulmstel Py el
Indomethacin £0j7t-2 Shat 223} JF 237 &4

< B o #HE F2E Song/kg Tl #i
225 100ng/kg FoIF E3 & 9EHog Fudt
243 % 2749 £40] ARHOT FRE}
(Fig. 25).

2) Safranin O &AM

A B 223 proteoglycan©] FFH 0T
Heloy tixtE SHE U= Qlstol #d £
A3} proteoglycan®] w7} FAE QI kA iR
¢! Indomethacin FojFoA= IHE ZA 3}
proteoglycan®] THi]7} AA|HS Tt om, i
228 50 kg SolT} K 22E 100k &

Fig. 25. The histological analysis of the knee joint tissues after treatment of CL and CH in MIA-induced osteoarthritis

rats (H&E staining, X 200).

In the normal, synovial tissue and cartilage were well observed. In the control, most of aricular cartilage and synovial tissue were destructed.
In the CL & CH, articular cartilage and synovial tissue were preserved, compared with the control. (A) Nor, (B) Con, (C) Indo, (D) CL, (E) CH.

Refer to Table 2 for groups.
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Fig. 26. The histological analysis of the knee joint tissues after treatment of CL and CH in MIA-induced osteoarthritis

rats (Safranin O staining, X 200).

In the normal, there are much of proteoglycan around the cartilage. In the control, most of proteoglycan was broken down. In the CL & CH,
proteoglycan was well preserved compared with the control. Especially, CH group showed histologically similar to normal group. (A) Nor, (B)

Con, (C) Indo, (D) CL, (E) CH. Refer to Table 2 for groups.

o E3 tiRo] Hjsto] Bk oEHoZ WH
22 9 proteoglycan®] 3|7} AA AT} (Fig.
26).
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B 4 A3l ITEdS
o T 52& Qo] 49 AZ A= F
a3t elo] "Hp?. eEjuate] 654 ol4f FHlG
2 913 20084 2F 5079HY (10.2%)°]A oLt X
&0 Z7l5to] 201749 89T 7|& oF 7264
(14.0%)°] o|28 17 ARRE ZIJstA =Holom,
olof] wet E|P/g AR ZHEH gt FH-Eol
7HE Aoz dugEn.
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Aot ZHEgo| HEA Ar2E oOHE
ohu] M, HIAB|RO|EA FAFA (NSAIDs) 59
oFE Q¥ H|AHZo|EA FASA| (NSAIDs),
EfFAHEO|E, FEGY SPo|EFEA 59 FAF
S¥jo] ohgEY. £ A7 dqzFoE 4
Sl indomethacin® THHEAQ NSAIDsZ2 ZIE9Y,
WS A2, FAd AFd 59 2] 28
o9, 315k NSAIDsO] 9 43} gofl, 53]
29 9 A% G A5, A5 Aol 50 24
o] BIFT glo] A7t BEA %98 ashA H
TP, ul ohjet 2RAYY Fa AL W
Fo8 & QW9 fiste] REZ 7= A9t
ot A g7t ol FAEANA M5 fieto]
g 5 Q.



qrojstol|l A STHEAS MR, #EE, R, R
o] WFE HYow, 1 UlE MR 59 IMEE
Qlsto] L& o] BT SNAT}, wstoll whet g
wipore] e WRCRE ERoto] HifFEkg 2
S A5 2=,

Eif (Curcuma longa thizoma)2 M7} 353, B
S, SERe] vl MGste] Bro R JEsES #iska
QIO %l 175HA sh, il Arl= AiAsto]
Hr0 2 RS il QTOR IS MSHER AR,
Gi%, TR, 1IRY 352 7HH RMIMKE Qg
ol 5o S&HT. ol A& HEOE F
oel s o] e Fat'!**7} ojn] By
HE Ik WilliEfgEol &5l ¥ FEEY B1F
of £3F ZWEHe F5T 2t QI A0E 7
fi=o] MIA §& Z3EY Rat ZEE o]goto] 4
& skt

WA, ¥ $E2E5S HPLCE o]&3to] E45}9
Bt} ¥ FEEZ BAT A3 337804
peakS A9, curcumin FEEE BEASH 23} o]

re

ol

=
9} 5U3t retention time 7HAlE peakE &
X

, Mo

Aglom FHo] T2 peake}e] 7+l §1gL
g} 2= QI9it} oS Eslo] HE =ZE0 A
A B RS ARJSHe Bo| o) 8 A

2 494 curcumin IS ERISHATH HE T

2h
fo ofy rE 4>

Sha

(¢]

A A3 ## 552 curcuming 0.72 mg/g
S35k Qo] curcuming A EEAZ ARE 7H50)

W3k} Ao =4 g A Lﬂ ALT, AST, BUN,
Creatinine AN A|F51C
=2 Aolo] tigh FAkgo] ‘31212”% (Table 2), Zt
I Al it kg EAJo] UshA] ottt (Fig
2.5).

2 AFolM = R AF Fote] HalkE St
Z¥do] EE Ratd] B35 HIE AWHo=R
BrkelaAt shgict. 29| A$- MIA A & 3

##o] MIA 4% ST 2dof v = IF  (367)

Z7HA A&H 0 WaFel Bt} Bzl
sto] Sl 15 A% Rk S S
i 3220) 47501 8 CLI} CH 5422 1
239 vjgtel RLEpl A% A% Heph Pash
G (Tale 3, ol YA 25

AEAAE ST Aow, i 2529 4
ol Sjsio] 530|998 A olg. ol
o A ik 2220 THARS AHE oA

E 2250 ARsS Yoty 93] DPPH
free radical, ABTS free radical A7 EAS &4}
och. gAst ERo ody|9f vkeS F14 Hu, &
A radicalo]] AAE FoI5ta] radicalS AASH= Z

22 s}t 53}, QA9 Pt aIte] Hrz &
%gq”{ DPPHE: B & oA H free radicalS 3t
o3t 224 EAZA, AL B4 247 il
W hydrazyl®] A4 YA7E ARE FoIsto]
radicalo] AEE0] ER9] Helio] EAE =g, o]
2 Eso omsqw sholslA ©oH*h. ABTS
S ABTS 8903} 7&XEAE (Potassium
persulfate)J}/] 78-S Foto] AJ44H ABTS Yol
o] gAksl g4 EZo| 984 AAEE radical &
%9 H2A0] SAEE F2lE olgsle] FABS

A5l HPH O & DPPH radical 2457 89
JAdo] 9lgo] AFA i, B AjolA #
%Z%E9] DPPH ¥ ABTS radical £4%5& &
A7} =5 o)ZA07 A7 Ao 2l
2 Ueh s FER0l YASHBY Bt 9k
o2 FUHAS (Fig. 6,7). AT A=

radical A&~

>~ _[])1.

r

g ol o
Q.

M
Y

_?L

ool oxt R

l

o r

A
02 e 9 Pk nel s} 8
4g BHoR A8A 522 B 1EEe] o}
Doz Aoz 4ot
A4S (Reactive oxygen species, ROSy Aj
Ao AEAF ZHgoll A A &H 02 FAo] He

3
E47, ROS7F 94 & ol4fo] Hd HelF A
7} =g, o]gdt ROSE 02

(superoxide
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radical), HO (hydroxyl radical), H,O, (hydrogen
radical), ROO ™ (peroxyl radical) 5°] & ©o|&H
W A AAA Fag At 28-S Sk, It A
A S AR AEF AR A5S A3
2 Ao &g FA HH, A A 229 &4
3kE Boto] Ax9 ArEE Rt "o 2 9
Fol @AY ROSE 293 A7} CL Fol, CH
Soiz 5% 914 WA H2ATt (Fig. §). K
2%0] ROSY| A4S oAls a3t 9128 o
Qg 2 990M, o= M DPPH % ABTS
radical 2753 ot} Hels g 22| A

52y B3} B8e%L Aolz HzkEc
Alzat G4 g ol NADPH oxidase= p40P™™,
p47P"% p677" small GTPase RACI, RAC2&
3=, B Azdo] EAjsttirt A7t A=
& WA =E pa7re] QUASHE o]folA Amut
halE p22*0] SH3 domain¥} 2G04 T4
3lE]o]  superoxide (0,)E AJAsHA =
NADPH oxidase 4 (NOX4)& p22P9] ZHo] 9
sto] H0, & B sk, B BHE 001 A
AE 24eto]l Hy0,2 AZAIA FFureol] Hoigt
oY, 2 dolA NOX4, p47™™, RACT THide
CL Foi, CH Folft BE tjzxtof Hlsto] 4
stgom Go4e itk (Fig. 9-11). o] Hi# >
Z50] NADPH oxidase?] &4 AAE E3dla] ROS
o S olAleh Aow ARE. olele ik
220 ROS 4 AL A3ty AR B3
0 242 YOrlE Yo 8ol

Qlo
=—
Aoz swdgd 344 =

il

o2

HS 2R ZF851= nuclear factor erythroid
2 (Nrf2)i= @Asl oFgolu AHSHA Zp=o] Al W
2 £09]97 EH phase Il enzyme?] HALE LOHAH
ARE Asld AEHAZEE BH3shA @0,
heme oxygenasex= 374 §3°=& HO-1, HO-2,
HO-30] 9loH, 1 % HO-12 ilsl, FAZ, AE
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Ho gt ol &EA glon AE# A Hkg
sto] A=Y, Superoxide dismutase (SOD)= Ak
4 tjAtol| QJoto] A== superoxide radical (O,)
< hydrogen peroxide (H00)E HZA7|H™),
Catalase®} glutathione peroxidase (GPx)°] <J5}o]
hydrogen peroxidex= ThA] H,0%} 0,2 Edfjol= 1}t
HS Bdol PYRAZ Aiste] AT £42 B
N, B Qo] A Al 2E Past
A2 716kl 9] Catalase= CL, CH £
T BE gl kel 1% FEa veb)
LER{T. HO-12 CL Fofo A, SOD+= CH 7o
oA 22t fostA 7Kkt Nif2, GPx= &
7Fohe Bdol HEhgew foAde I (Fig
12-16). Ol HE
A5 7A@
Aot A2 oF :

Nuclear factor-kappa B (NF-¢B)= 8% wi/i&E
Q9] B4E 2L AR, B4 el
AR 1cB-o SRS} Aslel RS A
Z Az EAsitrt YFRAS o5t 1-«B7F
Hol=H pos T Eo] A H = o]ssto] HA
7} o]FolAA i, o] @ TNF-¢, IL-18, IL-6,
iNOS, PGE; 5 @5UI7iEde 2HlshA dep™.
J#BEE NF-¢Be F5M7H cytokine?] TEo| 5
93t 9T Jole 422 UHA 9loH NF-«B
o S FAT ABolA Fast FEog.
iNOS+= ] NOE Aste] ZTEY] ASAl
Eof| A P54 cytokine FH|9} 0|3}A-E-& FX5H=
4|, o] W} AJA%H NO+ proteoglycan, collagen®] &+
A4S BF Aoty AZARY A5 weS 4ol
o9, TNF-¢& ol st9ld% i) E49 2ulg
Fstel 452 EHiAl7]1aL, proteoglycan?] A4
oA & Ze F4Z soto] A= &Y ZHE
A9] AP oA A, IL-15 E3F o]5FaHg-
< Bot] AZ BEolE 4o7|= e cytokineO
i u

o
dF % 29 A Z=FE PGE, NO 59 45

Wl Ft At £ Y



MAE ARG, 8oz ojeh 72 g3 HiAf
QA & cytokine®] A7} ZHAY 259 FA3t
HHol H®. E  AFoA NF-£Bp65, iNOS,
TNF-¢, IL-18= CL EojZ, CH o 2% thz
2o Hlste] F4stRoH, E3] NF-£Bp6S, TNF-
e, IL-18= oI5t #4stqlet (Fig. 17-20). o2
éS 7;-5 —‘:— %Eﬁ FZ50] 9% cytokine F {72l
ASTSS A= ZES

102

E
% ytokme,] H%zj/\/q;l gyﬂ og%

J THA A lxéoﬂﬁ %‘?*ﬂi &, ’ﬁ%
ZoE QU B3 MMP2SE MMPI-
type IV collagen, proteoglycan E3|& 4o =3
Beg oA HO, el i
A AAA|9l Tissue inhibitors of metalloproteinases
(TIMPs)y= MMPs9] &4& #l|A|7]+=t] MMPs9]
g4 AL BHY XFo|A ZQ935H E—E—O]DPZ).
TIMPs= @A 42571 4284 9o 1 = TIMP1
< F& MMP-99], TIMP2= 2 MMP-29]| 2§
sHA F. B A4 MMP-2, MMP-9%= CL ¥
ol¥, CH Fojt B ol Hlsto] Zasiie
v, 53] MMP-9 CH Soigol] oJei] 2a:a}
it} (Fig. 21,22). TIMPI, TIMP2= CL Eojzs}
CH Fold B5 fifo] Hlsto] F7stglon, &
5 TIMPLS CH Eejzold] §oJsH 271steict
(Fig. 23,24). o= i 2&5o0| TIMPsE 2747
MMPsE ofjel A2 2tslv, 53] 155 7
TFEOIA] TIMPlZ S7HI#A MMP-9E A4aAl7|=
T4oll % RO e Aoz Halt)
ZA5kA WglE 2517 Yske] H&E, Safranin
O 9AZ AFPsigict. 1 27 dxoAe ok

wola

##o] MIA 4% STEY 2dof vjX= IF  (369)

A3 AEFZ9 &4, proteoglycan] 17| 5o] #

AEgloL, CL FoZ¥ CH FolZoMe =9
Moz gur AW dAF ZZF9 FE o
proteoglycan®] 13| AAE WA & QI (Fig.
25.6). Wb i 2E%0] BH U dzzAol
e dAlRlAL BEY 3ES v a3t o
B2,

Catalase 59] M3} G4E Z7HAA ROSE &9
Sl RAATORA NS AEAAE AT B
@Y L SR, BT ROSY TAE NE-
«B] B FootA £E5t TNF-g, IL-18,
iINOSE #A2AA B59e= 2 AR5zt Fa5HA
4889t EF TIMPIS S0l Z7M1708
A MMP-99] QZA|Z A&, proteoglycan TIE
Aot AR APZ JAlolr HH ASS
Hosh= a7t i (Fig. 27). ol2et 2%E vt
o8 HH F329 4757 MIA f% Rat &
oA ZHEHY A= &4 A 2 3Eo] {9
& st ook 42

2 A= dAlA
S5 J—J—}?g%ﬂ Rat gl

x|

gat 995 Eokl 40}04 TUAYY AT &
e AT ERlskiH AT & e HES
30% EtOHE &5t ARE-5H17]0] curcuming: T
U 223 A7 vEsie] ofd Hro] FAHOR
AEPLA D7) ok Aol ek, FAso]
Ae o AFAE 2ste] Aoz ARgsh=H),

B 3L g oz A3t Aoz 3loletd I
42 Y7V T B e Baw Ros
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