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| Abstract |

PURPOSE: The purpose of this study was to evaluate
whether light-emitting diodes (LED) irradiation could be
effective in a noninvasive, therapeutic device for the
treatment of osteoarthritis(OA).

METHODS: Twenty-four male Sprague-Dawley rats
were divided into four groups: Vehicle control (saline);
monosodium iodoacetate-injection (MIA); LED irradiation
after MIA injection (MIA-LED); indomethacin-treatment
after MIA injection (MIA-IMT). OA was induced by
intra-articular injection of 3 mg MIA through the patellar
ligament of the right knee. Vehicle control rats were injected
with an equivalent volume of saline. The LED was irradiated
for 15 min/day for a week after 7 days of MIA treatment. To

compare with the effect of LED irradiation, the indomethacin
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was administrated 20 mg/kg twice a week orally after 7 days
of MIA treatment. Knee joints were removed and fixed
overnight in 10% neutral buffered formalin and decalcified by
EDTA for 2 week before being embedded in paraffin. The
assessment of OA induction were monitored by knee
movement and radiographic finding. Histologic analysis
were performed following staining with hematoxylin and
eosin, safranin O-fast green, or toluidine blue, picrosirius red,
and histologic changes were scored according to a modified
Mankin system. Apoptotic cell in tissue sections was detected
using TUNEL method.

RESULTS: Radiographic examination could not show the
differences between the MIA-treated and the MIA-LED-treated
rats. In the histologic analysis, however, LED irradiation
prevented cartilage damage and subchondral bone destruction,
and significantly reduced mononuclear inflammatory cell
infiltration and pannus formation. LED irradiation also
reduced apoptosis of cartilage cells, but it prevented apoptosis
of infiltrated inflammatory cells in synovium. In addition,
LED irradiation showed an increase of collagen production in

the meniscus.



152 | DHSFE2IS9lX] Mod H2»

CONCLUSION: These results suggest that the 840 nm
LED irradiation would be a suitable non-thermal
phototherapy for the treatment of OA, as a cartilage protection

and anti-inflammatory modality.

Key Words: Osteoarthritis, LED irradiation, Monosodium

iodoacetate treatment
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[8E A5t= Z=H 2287 (proteoglycan)
I oA FZ} (synovium) i} A=
subchondral bone) THAF] HSIZ QI3 LAY sl= &
gt} ¢]Zo0] ExJo|t} (Martel-Pelletier 5, 2008). 2
A Y d5E SMAY 552 359
(Clegg -5, 2006).
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(Publ 5., 1993), B <] 20| AgiAe] A5
A A S 3RS AN 4 9l
cyclooxygenase-2 A|A| 2] AFE-S A ETAE
o] 7] wj&of|(Clegg &, 2006; Passmore} Cunningham,
2013) Ko} QFdsla elsd W IEASY] HE At
7t BER A2We o] a7E T gk
HIFE RO S5 el 7% B 4 AS A
7] Sf3t wEd Aaupon L7, AR5
A=, GA &, WEAAGA &, dtA ®, 2S04 R,
AEEY oA A7 So| AAE L 9] o (Stemberger
2} Kerschan-Schindl, 2013), -&FX| &, ZoAIA A 7|2}

3 Az AR S DA% AN =D ot

o
=)

Jr dm
2

(Jamtvedt 5, 2008).

2T A, A ol Wegtio] @ & (light emitting
diode: LED)Z A3l A2 R 2817} 2718kt gick
(Barolet, 2008; Whelan 5, 2001). LED+= g|o]A2} S-AlSH
J\e] EHE 4T 9lom, o] FaHoR HEH L
glojAet g We wAE a8 oR (Rd ¢ e
FAo] qdaL FAkgol glo] ehdskar HI-EAS A=
T3 deA ek (Barolet, 2008). ESF ARE51= HEE
A Aol whet Zpe Ao AR E AR 9 A e
Jelrb] e shlelel We 47 e 4 glom
77| ARSI LED o] &9 W ol FHHol
wpet w2 ol ALt YL AGEH FHH R
£ HAE Aeg oitech

w7 ol gt A& ol A o] FHF AT tf
A= B AE7F AL QoL (da Rosa 5, 2012;
Pallotta 5, 2012; Alves %5, 2013), LEDS] ax}of tfj3fjA]
A7) g Aol Aol AE R 2kE
H3sl 9l AAo|t} (Oshima 5, 2011; de Morais
5> 2010). webs] 2 S ARAoR fEg Wk
% 719] FEHo] 840 o] LEDE ZAlele] wipkaed
of zAelsd AR ANE Brlalol PHAR YR
A LEDS] B4 /HsAS A 9 Amstac

Wi

a9

B2 Sprague-Dawley Al =71 2155 KOATECH(Pyungtaek,

Korea) © 23] 79J3te] A 319ic, AHFEL g
Aciem BEAESes 218 e 5 AUEE
] 9 o] ol Ve Aol vzt Belsick A7)
7F 5ot 11 AR (KOATECH, Pyungtaek, Korea)Q} &
587 BN g 58 A5
Bl 1 C, AUGE 0% SRSk om, e

7l RARE ZHH 02 ARSSHA AFATE A5 Al
T AT 210220 g9l A& ARSI

AN o e
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monosodium iodoacetate (MIA, Slgma-Aldrlch, St. Louis,
MO, USA) 3 ng/50 ulg FE2mIE gske] 27}
ol FARe 5 587F FERAS) Bt 39S st
ik BEY R o BEY ST BE, At
& x-A #97] (Bcoray Co., Gwangju, Korea)S A&-3t
SRR ARLS BReIE 5 ghlo] kel IS B
G SN MIAZ, BEG §F F LEDS ZAH
MIA-LED, 181 A &3] A BA 2 AFREE ]
2LE|R0|E/ AdA|SH] BlaE ffste] WA
& indomethacin (IMT)& §¢] 3t MIA-IMT¢| 6ul-2]
W Rapel= g atelch Guf o
& FUT Ao 09% Bt Al
el AR

(vehicle control)
A4~ 50 ulE LA

3. LED XA} & indomethacin £

MIA-LED-2 MIA ¢ 1579 & H¥ ujd LEDS
2SI AE] AMEa LEDE AR Alztalo] AL
Stoickh 7F=2 75 mm x A2 110 mm Tof| AA w14k 840
m?¢| 217 5 mn infra-red dome lamp (IWL-EISR15F-TNB,
Itswell Co., Ltd., Incheon, Korea) 192 (12 x 16)7}E #}2}s}
Aok FEHES 0% w3l AAoA 5 SHlA
I ] AgE 7L 1584 797 AR AL
Al 28U EE 25 Mien, o YA L E= 11.47 Jcro] Q)
t} £8 YWE= FieldMaxIl-TO Powermeter (Coherent
Inc., Santa Clara, CA 95054 USA)E AM&-5lo] =431
). MIA-IMT+-2 indomethacin (Sigma-Aldrich, St.
Louis, MO, USA)Z 0.9% B+ A4 g0 &9 20
ngkee] FERE 12U £ W AT Fofahgick

= aul
SHEL 10% 4 %:TE
EeNo)|
24

9} Scutt, 2002) 0.2 &3]5}9] on Ul Q] g =y
2 A=W AR sty o zujsiqict atetwe
£2 3] 4] €4 7] (HM340E, Thermo Fisher Scientific
Inc, USA)E AHEs10] 4 m 9] sf2ima e 4
Sto] A %A W F2HEZA O A= AL S FUlEH)
Q]3| Hematoxylin-Eosin (H-E) A& 3} 31, A=o
AT AE71d e FAE Z2EH 2t
AE =A317] 9J5to] safranin-O fast green 2
toluidine blueF M-S 3} o, W& (meniscus) 2]
AG3t A S 17| 3| picrosirius red G2 (Leon}
Rojkind, 1985)& HFA|A HA|5FA

WY ARE B7e] Slstel W Mankin 24
A Mankin =, 1971)2 AHg5to] AR T Wzt

Helgie), REUE AT ABFLY WSS 06
Hom, ABAEe) WAA HES 03808, A7)
ol Ay JES 14402 Apslele] 7 28 v
LA, Ee ABUW 2 A9l Wl A E
(osteoclasts)®] HA FE= 04702 FEST, IS
RAlze] e Ywoh 720w H2e] T (pannus) B
A W9 0480 irel BRA4E oteich o
dhof| 227} picrosirius red PAS ko] HidAZ Y
Zop7 §skE Fstan| Ao FAbE Olympus DP-72
ol x g7} 2t (Olympus Co., Tokyo, Japan) 2 o|u|X| S
Z93}3l Image-Pro Plus ver. 4.5 ZEI3H (Media
Cybernetics Inc., Georgia, USA)S AFR-3}o] thejH A
g % Fte] Hlmash

Fo} aAl

5. TUNEL ZAf

AT HEANE 8 7919 A|ZZAPEAT (apoptosis)
£ A7) 948l ApopTag Peroxidase In Situ Detection kit
(Millipore Co., Billerica, MA, USA)E AR5} A|lRAL o4
S et el Stk Ane Sulekmsle] shaat
& Hy0,-methanolZ AR&-5Fo] WiQ14g THAkSt a4 2
2 AeH3F T proteinase K (Dako, Carpinteria, USA)S
Ao A 1587 A 2|3t the- equilibration buffer= 10
27t A2)3FGaL ©]¢] terminal deoxynucleotidyl transferase
oA AR BEGAIZE. o] HHZ

conjugate ]| HF-3-A]7] & diaminobenzidine & & A3}

antidigoxigenin
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THS Gill hematoxylin ©. 2 T2 As}to] DPXE 2-9]3}

=
tEeddgen A% A4sia EARHL spss
ver 10,02 AHEBIHOH, BAY §942 o 055
st
m, Z 1t
1AM ZAL

AT ztol| v MIA ol A= 7mE mAz
(tibioepiphyseal margin)ol] 213}o] L] (sclerotic
e TEY 4 Gloln wEE gpobA lglon g
Aol ExJQ] 2k mAE 7] (osteophyte) £ 1T 4=
9lgltt. o]of thal MIA-LED ol A= MIA2o] H]3f
HEAR Ao s E8lslx|s ko) WAEY] @A
3} AT tha BT AS BE F 4 AT,
MIAIMT ZOJHE MIA Zoi Hla) Asslel ma s
7} s daslo] Qo el FAE )
23} A9 Hlggt RS AT Gk A £ 4
AU (Fig 1).

Vehicle control MIA MIA-LED MIA-IMT

Fig 1. Radiographs of knee joint from vehicle control,
MIA, MIA-LED and MIA-IMT rats. The
osteophyte formation and sclerosis were
decreased in the MIA-LED and MIA-IMT rats
compared to the MIA rat.

2.
guo] Aegxel AEv Aol WakE 1) g
O-fast green®} toluidine blue A A1} -guff =
el TAGE AL, oA 222 A4
o] AzA|ZSo] FIPog ujdEo] QL A=V A=
¥ wEso] 21T UL SA51T Uch (Fig 242}
B). ojof] H]al MIA-oll A= dAZo] FH9IstA &4
B, 9] SA7 AR o s0% oo o
), <127120] AAIH 22 Aol o ZHalsls)
o), mumael FHsishA salgoel Uch
(Fig 2, A9} B). WA P9 2T 5 Mankin®] ¥3
HoAAE AFgsiol BAT Aol 8o o2z
off Bl A7l skl LFolA dAZ7]Eo] G
/go] i F-ooHAl At Ao ' YT (p<001).
MIALEDL Mkl o Bwel 4312
HABAE AEE 27 § :
(p<.05) Wichelm o) 7 ‘HE?‘ oF v A/F A=Al

=
O] A== FY3t Aol7k gllet. B3 AE7149] o
Agol| A g7tm et yickelw oA B FTkeke
A Helou A7) A= SA ARl Aol7t §
QaL wickemo A gk At 0 2 {05 2fo|7t ¢l
AT} (p<.05). L} MIA-IMT 0] A= MIAZ-o]] H] 3|
47w el yokeiw 3d Hfola EAEe] SE o
A0} i G Aol 7HA HEEo] Jllar A=
7149 QA E B mf- o3t S7HE Ve itk

(p<.01) (Fig 2A} B).

Tibia

Vehicle control MIA

MIA + LED

MIA + IMT

Safranin O-
fast green

Cartilage structure Cellular abnormalities

2 < b P<0.01 33
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control control

Matrix staining

Vehicle  MIA  MIA-LED MIAIMT
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Femur
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Vehicle  MIA  MIA-LED MIAIMT Vehide  MIA  MIALED MIAIMT Vehicle  MIA  MIA-LED MIAIMT
control

control control

B

Fig 2. Histologic analysis of the joint cartilage from
vehicle control, MIA, MIA-LED and MIA-IMT
rats. The tissue sections from knee joints
were stained with safranine O-fast green and
toluidine blue. Original magnification, x100.
The OA lesion was graded on a scale using
the modified Mankin scoring system. Values
are the mean * SEM. The data were
obtained from stained sections of right knee
joint per rat (n=6 rat for each of the four
experimental groups).

et Ee] 43k M 913 HES Mankin] 7
HAAZ Agstel Bae A3t 37mst il s
WA B A gtol Bsl MIAell Al AZdm =
Ao 43 T ols) B BRI (bone
trabeculae) I} Z<=7} AAE QI W AAHQ) e
W34 E 22417 5 Sotzo] WA olo]
H| 3| MIA-LED-9] 7-¢ A7 oA MIAT-of| H]3|
et Ee] 47 o e A3 n9l0x
AlsH Q1 Arol7h §LAaL, i vte]wofx oA
23T (p<05). o]of B3l MIA-IMTof| A= g7

S} grhelm P T MIAZ] vls) ABUmz
A9 24 W9lE A Makn L9 5 Fels)

astart (<)) (Fig 3)

U M) WIS B 23} GAl
Qoo vierelzo] & MEso] 9ol 2y
= 9% AER T vse] lglon 1 e ARy
= F3egict. ofo] tha) MIAZO 4 S2tsto] A
BAES BeE Gy GFALE o3

Rod
rlr

Vehicle control

0
Vehicle MIA  MIA-LED MIA-IMT Vehicle MIA  MIA-LED MIA-IMT

control control

Fig 3. Osteoclast formation (arrow) around subchondral
bony tissue from vehicle control, MIA,
MIA-LED and MIA-IMT rats. The tissue
sections from knee joints were stained with
hematoxylin and eosin. Cartilage degeneration
and subchondral bone destruction are seen
in the MIA, MIA-LED and MIA-IMT group,
except vehicle control group. Original
magnification, x200. The formation of osteoclast
was graded on a scale using the modified
Mankin scoring system. Values are the mean
+ SEM. The data were obtained from stained
sections of right knee joint per rat (n=6 rat
for each of the four experimental groups).

o YT W) YA} T2 2H O Al
Q131 (Fig 4). MIA-LED 9] 79 Mankin®] ¥H& H<=A

A A3} MIAof| H]8f el HE
20| tha A AeS WY
om FATHORE {OFF HaE YEh
(<05, MIAIMTZO] 4% a4 @A 259 58
o et o wes 2R T ALY YPAYEA] ot
indomethacino]| 2J3F &= A F= Fol & 4=
o} (p<01). E3H A2 Fehl HIE 7] 9]
picrosirius red FAMS §F Aol A= &l tRtof B
off MIAT-S] 7 Zeplo] f-9akA Hdastalout
(p<.01) MIA-LED oA=& dHidadz U Zebdle] MIA
o] B3 $L0J5H] Z7HHAL (p<01), MIAIMT 2]
HE §ol5b Z75HATt (p<.05)
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Sirius red-
Fast green

8/

——  ran
ppppp

Vehide  MA  MIALED MIAIMT Vehicle
control ol

Fig 4. Histologic changes for inflammatory cell infiltrate
and pannus (P) of the menisci (M) and
perimeniscal synovium (S) were determined in
hematoxylin & eosin and picrosirius red-stained
sections. In the normal rats, the synovial
membrane was preserved, while in the MIA-
treated rats, there were massive proliferation
of synovial cells and marked infiltration of
inflammatory cell and pannus formation in the
articular space. Inflammatory cell infiltration
and pannus formation were significantly
decreased in the MIA-LED rats, compared to
the MIA-treated rats. Also, the normal menisci
had strong picrosirius red staining, while the
menisci of MIA-treated rats had weak picrosirius
red staining. In the MIA-LED and MIA-IMT
rat, collagen staining showed a significant
increase inside the OA menisci, compared to
the MIA-treated rats. Original magnification,
x40. Values are the mean + SEM. The data
were obtained from stained sections of right
knee joint per rat (n=6 rat for each of the
four experimental groups).

A ZAPEALE 27 $J8F TUNEL B4 27} 4=
o] 7% & tiztol Hlsh MIATLo A ApPEA| 47}
Sol51 27819 0 K(p<.001), MIA-LED 2} MIA-IMT
ol MIAE] Bal] §-95HA] 745kt (p<01).
S]] A e A MIATA 7}
A =9F31 MIA-LEDE, MIA-IMTH# &2 2 ZHASHY
ghaf, F& D ASAE S0l digh AEA 2] 4
o] Hl&2 93]z MIA o] H3| MIA-LED< 2}
MIA-IMT o] ZAPE A2 9] 527} {-2)8kA] F71atglct
(p<.05, p<.01) (Fig 5).

Vehicle control
By

Articular ¢ #. "
cartilage . .

Synovium

Articular cartilage Synovium

160 — ———  P<001
P<0.001 T P<0.01

80

40

% of apoptotic cell/total
inflammatory cells

o

Mean no. of apoptotic cells
in articular cartilage/mm?2

Vehicke  MIA MIA-LED MIA- Vehicle  MIA  MIA-  MIA-
control T control LED  IMT

Fig 5. TUNEL assay for apoptosis of articular cartilage
cells and mononuclear inflammatory cells in
synovium. The apoptotic cell number of artcular
cartilage cells were significantly decreased in
the MIA-LED and MIA-IMT rats compared with
in MIA rats, but the apoptotic cells ratio for
total inflammatory cells were significantly
increased in the MIA-LED and MIA-IMT rats.
Original magnification x100. Values are the
mean + SEM. The data were obtained from
stained sections of right knee joint per rat (n=6
rat for each of the four experimental groups).

3t LEDO] A a5 2AH2|eH4
b5 7ol A] 840 nmo] LEDS ARg-

274 ) WE golo] JaEE ok
& b4 400 o} 4% 1 o],
514 me] 79~ 0.5-2 mm, 630 nme] 7-$- 1-6 mm, 700-800
me] A 6 molFos kHA et (Simpson %,
1998). weha] A7 Zo] Wo meslr] SlafAls
7Rt 71 wae] LEDE A Alo] EabAY Ao
2 wekEo] 840 o] LEDE Aeisto] 4@stelt

TAAEFL 23 Fepdat 22 g e gl FRSt

AT TR qlid), Wealo] WAIsH A

N
el
Ir

zRH et ol fdadt
(Lahm -5, 2010; Saarakkala %5, 2010; Sun 5, 2012). w8
AHo g Qe A& M= Sl 2aflas
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9] 3}}9l matrix metalloproteinase 13 (MMP 13)0] Z]9]
Tholahn (Reboul S, 1996), MIAR S-=3 W o]
o] AZO|HE MMP 13 wHalo] §olahd Z7kake
Ao 2 HIEo] It} (Barve 5, 2007).

T LED 2Ab A A ol BT} Qleks
GHAHA FAA - 2 FSA ek HeiE 2
Z7Velal Q). Lee 5(2007)2 LEDE T K Abx
AR wf R85 el S ST =
AAZITHE B1819) 31, Oshima 5(2011) %
WA i SEA A LED AP} TNF-a 32
ol
B

o

o

£

o= o

=
=
-]
i
ol

o

3 Qo)A Tl MIAZ 18] 42 13t 2t
Guingamp 5(1997)0] 3313k o} o] Algke] wigbagl
3} AP AZAE IS} ABUMEZ ] WS} £
WO, 840 m LEDE EARE Aw #wie)
MIAIMT 2 S35HA L ShkA)ah MIAZS] ]3] |

chelmioh H7m 29jo] wek HEY ol 9910
AT B S4o] gastn @214 U Z2e|e
o] gtassto] LED £AP7F MMP 240 oi]
Hof BAAFS HEshre HUS Btk vmael
MIA-IMT 2R S35k bt SI91AIe dadmz) 3
WI9ISP 255 MokAES] 47} to] ST MIA
o] Hl3) MIA-LEDZS] ekelmol ) wistal A 47}
SofsPA @assto] LED 2ApH wiskaidE Y 2 2
& olshe FThE BQIg 4+ Qlolch R W
Hoslol Y 94 BONZET BANS wet 94

A
o

Ho Q¥ HRAZh LED ZARZOIAL Wizl
MIAIMTZ B 5t ghgkoLt MIAZ] ]3] &

OJ8}A] 7+481o] LED 2AR] Gz falw sholatelnt

E7] £589] wadd mdlofA] 630 nme} 870 nm LEDE
ZARRE A3 A AES BESL 52 AaAle &
7} 9lr}i= H(Oshima 5, 2011)9} U =]3ic

ohd, W o) RN Fagt BEFEO sht
ol ¥l W el WskE AR Aol MIAT
o= RS of SepAlo] AASHA astgle

MIA-LEDo| A= Wi dE W Seplo] S71sk3le
o, 630 nme} 870 nm LEDS RALR Zehd o] =

Fth= Oshima 5 (2011)9] Hie} A=|gtch. o2k
A= in vitro A0 LED ZARZF A 5LA| L, w5
Az, EATAE, oA 2ot -2 theket A3
3742 A=8h(Whelan -5, 2001), Befi 9] o] 5
A Aol ARRAZE E3tehE 7E
Uekal 5, 2010)% 91&-& AAFkch, HeAzo] 3y
Sl= cyclooxygenase S 3F3F 24 3}9] prostaglandin E,
e A= dF5e ATl 71T B
7F & Aoz AZHEY (Lim 5, 2007; Xavier 5,
2010). 2|29] Haro A= wyHE ol 4 o] R =9
WA A7 AERe $5% (Crema 5, 2010)9F &
o] i, mybd e WaAE ATA|EZESAA B

RHEITAE Bt Zgo] o @o

WA AoR B

i 1
S o] (Sun 5, 2012), #F el 4 Yot
BlTEq WaAke] BN o & o ARe At
Bag Jox Amg At Hage BN
2] WREgel s Fekl 240 Hshut Tz e
2 £ S ik A3t MEdEe 19 Fek
o] 9% AA3e] oF 1% Y| Te| FeRIE T

,d
EL
kl
30,
2
>
w
g
ol
o
=
2
=
89
i)
o
=2
>
o
r]I
i
re

[
of Asteba Hept BAAT = v2A YeRdt
aushE AT W Al ] wAde B

T [l

C

Q7oA Blanco (1998)& 25 Wske HET 2
3} ALY B AHBAEN A AEAA} dofit
A grort Bl Wabaq o) B AZoLE 3
3 %7} AEREAL 7122 S8 AEAE doldtehn
stk 2 ARelAE WAAZY TUNELGA Axt
MIAZ)H ABAEE] 47} Z7519. 0L} MIALED
O AT= MIAIMT-2:32} A1 APEAES] 47} F35l0]
Aastol, LED 2AL AIEARAS oAshe Eaprt
Ik 212 319l T 4= QIglck Tt 28] Hed
PEALY A9l AR Aol Wrf MIAZ
of B|3] MIA-LED<*2} MIA-IMTOll A= 28] 2] ZHEA|
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H
\
H‘l
= o|X
N
g
iﬁ

=8, o= LED AR} IMT7F A5A|
ESA AAE HEARE Skl $IAT)
& A7 F9F BUF ey Ao ArEr

V.2 E
WEgeo] Bt LEDS] A ZANE 23]
o ] §I5  ATolA MAR 4494
22 Waage] 2R 25 Mo, o UALE 1147
Jer'= 840 o] LEDE ZAReE A} 7]129] H]iEﬂiO]
= 4gle] Ha) 1 Ik 95e ARAE uEE
o, wobnl L b Rk BT o AEAE 2
4 mdh Qe mk 8 AEARA oA B3t
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