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The Effects of Far-Infrared on Rheumatoid Arthritis Induced Rats

Gye Yeop Kim, Kyoung Oh Cho', Myung Hee Kim, Hyun Woo Cheongs

Collage of Oriental Medicine, Dongshin University, 1: Collage of veterinary Medicine, Chonnam University

The purpose of this study was to observe the effects of far-infrared on rheumatoid arthritis induced rats by type
Il collagen with the change of arthritis index, hind paw volume, TNF-a and histopathologic findings. Thirty-six
Sprauge-Dawley rats which were divided into four group. Group | : Normal group, Group Il : Collagen-Induced
Arthritis group, Group Il : Far-Infrared 25 cm radiation group, Group IV : Far-Infrared 35 cm radiation group. The results
of this study were as follows: In arthritis index, far-infrared radiation group(!ll, 1V) are more decreased than
collagen-induced arthritis group(!1). Group Ill and IV showed the most significant effect at 14 day(p<0.05). In hind
paw, far-infrared 25 cm radiation group(lll) significantly decreased more than only collagen-induced arthritis group on
day 14(p<0.05). Far-infrared 35 cm radiation group(lV) significantly decreased more than collagen-induced arthritis
group on day 3, 7 and 14(p<0.05). In the ELISA study of TNF-a concentration, collagen-induced arthritis group
significantly increased in the concentration more than normal group. Far-infrared radiation group(lll, V) decreased in
TNF-a concentration more than collagen-induced arthritis group(!l) on day 14. In histopathologic findings,
collagen-induced arthritis(11) and far-infrared 25 cm radiation group(lll) increased in synovial membrane thickness on
3 day. Far-infrared 35 cm radiation group(IV) decreased in the concentration more than collagen-induced arthritis group
on day 14. The above results suggest that far-infrared radiation effectively reduced in rheumatoid arthritis. It would be
considered that far-infrared has an effects on relieving rheumatoid arthritis.

Key words : rheumatoid arthritis, Collagen-Induced Arthritis, Far-Infrared
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1. AdA=
1) AdsE 9 A4
APFTES AS 8573 AF 9 250450 go 43 Sprague
e = 25+1 C,

som Wehe 12417 712 syt

o
B
o

A
-Dawley] 8 F 36vte] AHE3tATH 294

1Y ARG ES FE THAAT A =T v 7o
2 U 2437 1L AT (n=9)2.2 saline(0.9%)& A<
A%, AP I+ 2T LZ collagen 1S Fo3te] 7of
H #HEs s #(n=9) olth. 437 M collagen O
Foste] FrtE2s #HES 2 & 4G9S 25 an A
oA ZAFE T(n=9), AFT VE collagen 1S FoJste] Fu}
g2 #dEs 8¢ & A4S 35 cn AgolA AN &

(n=9) °|t}(Table 1).

Table 1. Experimental design

Group No. of rats Treatment
| 9 Normal
1l 9 ClA#
1] 9 ClA+ + FIR* 25 cm radiation
v 9 ClA+ + FIR= 35 cm radiation

*CIA @ Collagen-Induced Arthritis, =FIR : Far-infrared

2. A7 4
1) A28 Sl o3 dde

Chicken type II collagen(Sigma, St, Louis, MO, USA)%
0.1 mol oM EAF] 2 mg/mle] FEZ S3|AIZ] F 4 TollA 124]
7+ A= AAE O& #o]  Freund’s
Adjuvant(Sigma, St, Louis, MO, USA)E &3t emulsiono
Z BER). 1 % 01 nl9 emulsionS Sprague-Dawley 7]
A9 FHol| FatFAl stttk ik FAF &, 79490 02 ml
9] emulsiong A 7|A R F7F HEFS AT WA
HTYEZRE 14Yd STz AT EHo Y RF T
DA AA4A £ #F grtstd AE AES 5
FE A38S stk
2) 949 A5AHE

AR Age IHY ALY AEL:
AZLE 46 C, L% 398 €1 25 9} AxXE
FL% 378 T 35 anZ AH3kA g} 2 HAA
HEoZ #ddoz yrid A4FFE Urol stve 25 anA| A
oA, o2 3= 35 enA| A A YA 94 (FIR-350, Taewon CO,
Korea)& 3] AA AxWo] 202 A 1583F ZAIT
3) & 2% #HE AFE o] & #EE Bt

#4949 A5 Bk Woode WS W& Burrai 57
| et FF ] 7 AAA B Y BEFAEF
Qb #Fst] 04 llA 402 H4E WAL o
F5 FAste] 0 16389 #HA A2 AF
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294 ANZA} FriE s B3

sgon, #APY Fd AFE 684 ot (Table 2).

Table 2. Clinical evaluation of arthritis

Group Arthritis
0 No evidence of disease
Inflammation of small digital joints

; Inflammation of digits and foot pad

3 Inflammation of entire foot

4 Inflammation of foot and ankle
4 PR F9 2L Yo

WARA 9 7](X-ray, Hyundae, Korea)& ©]&3t T4
& 29813, Trentham'?o] B3k WAt shs 448 )
£ Mainardi™e] LS Wl AR 22 3, B9 3}
NYE, AAF B4, B2 75 59 JES BAHY
5 & #% =4

£ 2% =742 plethysmometer(Ugo Basile, ltaly)E ©]&3}
of el FLEAS T QEFH F99 RFS 23 W
SAst] HAE AHEet AT A 9T cos AR
W5, A 3Y F, A TY F, A 14 o APF Y S5
FT= SAstA AGAAA 9 Foje vlaste] RG] £ BF
J=2 HAPT #5823 CA 7o A5 32 dH94d 243
4, 7, 149 Fof i B9 WSS o83t gy How F
B2 8(%, swelling)S T3 th

FHEE(%) = V—VVL <100
Viag, 7Y, el wRu, v, FAES we

% 5% A& (%, inhibition) 2 Th&9] 4& o] &3t &
shent
H 0y A 8 AA| o] BT E
FEAAE(%) =1 - gzre =g 1100

6) ELISAS ©] 83 TNF-a &7
¥ Z TNF-o(Tumor necrosis factor-0)& 74317 3] 4%
AR dAE AFst] AL B, SHAMAA A=
@3k 70 TAM HAstHH. €4 F9 TNFa 42 solid
-phase ELISA kitE ©]&3 sandwitch enzyme immunoassay '
o2 3s¥th. Rat TNF-aol oigt @ZFEFA7L coating®
polystrene microplated] #&% #&& €1 € TNF-a EF&
NS H7E § A2l 2413 BT F, PBSE 43] A H & 5
$2.m, biotinylated antibodyE 7}ate] A-&olA 2413k X3}
At} 1 &, PBSE 43] A& & 3}l substrate &8-S 713 & A
2ol M 2083 HAE st A WEFd A2 Wk

J
< 33, TNFa XF899 v=¢ 549 §3=
hyA

Ry =
RESd A4S g %o REFNOE TNFa
e
=

o
o
=
oy
e
=2
=
2
rr
of
5

7) 2484 7t
1) 24

APTEL A5 2IYPOE YN F & 14 Eol
IZANAY s MEE QEER FE 29a s 7
A7 dE e B SHAES AW BE 7L /T F, 24}
3Y ¥, ZAM7Y T, 2AF14Y F AR A7 vty FY
g e s £RHS AEsAth AEE 232 235 ¢ Wy
S A5 Y3 10% F2TU 9 1A - H 2
AL UM F 525 o FAT oS gubFQ 229 24,
i 9 ARAHS AFxH AR (Model No. 4640B,

Sakura, Japan) 7]715 AH&-at] 14A17HE A st o, 117
3 AZ&3 WE 10% formic acidE AFE3le] A2o|A 2A|17F &=
Qb &g & g, Bo, AFRAAS ARt g 29 A
23t Yzh-e AbE L)X (Tissue-Tex, Sakura, Japan)E AH&-3}
Aot AZE TeA E5E 34 wAEE Y] (Rotary
Microtome 2040, Sakura, Japan)E AM&-3l 22-& $2W3Fo
245 m FAZ d&dAAsS, FH2ezd AH7] & A
A gtol=o] BHAZ T

938y Az

ZAAWE hematoxylin. 2 A3 th3 FE g

FEEZ AH Os 1% HCL, 70% A/C €9

o%%

;

Hr

A=}

n
o 3~53] dipping 3 &, O B2& FEE A3 O 1%
et olsrol 5~103) dippingdo 24 3 F3} etk 1 o
= FAE 5108 AT T3] FASH o] A Mo HE
2 AXA gzgMoez JAe o2 1523 FE3 eosine s
< S2¢ B2 AFsta g5 9 FEAES Az 33
7

(Olympus BX50, Olympus Optical Co, Japan)S AH-&-3te] 7}
Zte] 2A-AY ASAEY J{AE, A= W F3 {7,
AZ 93§55 Basgon), du7e) 238 oD At
(Toshiba, Japan)Z 7} #9] ZHES &YstA

3. BAAEY

E ATy BAEE #4L2 SPSS 10.0 ver. for windowsE
AHESEA T A7t 2 AFETEY BAE 948 AFSHI
9J8te] wHE-Z=4 BAR A (Repeated ANOVA)S A 33k, Al
% A2 2= Tukey’s multiple range testE AH&-3tAh AT
d SAA 7] @& zpolE HASET] st AHla T- % (Paired
t-test) S APstA EA A FIFES p<0.05E 3T

Ag Ay
1§93 2748 uigoz 3 #HY A& H}

Aol matel Fries BEGe F2A7 2 AP
oA sictele] Rga) wao] AshA vebytoH(Fig 1), 93
G 25 oA AR #9l AFTE ML AHeoll= SAgee
Fa wFo] AaA vegtoy HA ghalE itk 48 Hs
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Fig. 1. Gross findings of hind paw in each groups. A : Normal rat (0
day), B : Collagen-Induced Arthritis rat (0 day), C : Collagen-Induced Arthritis +
Far-Infrared 25cm treatment rat (14 day), D : Collagen-Induced Arthritis +
Far-Infrared 35cm treatment rat (14 day)

Fig. 2. Radiologic finding in Arthritis induced rat model. A : Normal rat
(0 day), B : Collagen-Induced Arthritis rat (O day)

BAG AF Bt A Wé@% AR Fo BEG A
T 97 805 YRt A3F OE #2 $5E A& 713
o] 24} 39 Fol] 93320508 EA, A 79 FREHE H3}
Hadte] 24} 149 Fol 7.89+0.600] HATh AP ML FA}
39 F7HA F7hete] 8.89+0.78¢] H ATkt AL 7 FRE A
A adhe A% B A 149 Fole 6.94:0538 HE
ek AP Ve 2AF3Y Foll 8.63:0.972 F7HE AT7F A4
Trastel 24149 Foll= 657+0.70& YER AThFig. 1). A3t

2

i
i)
o

AN AFT O AFT M, AdT VT

Atk 74 Aol SHA 7] we 24

AT M3 AT Volld 2439 F, 7€ &
«181 2Fo] 2 1B 9 th(p<0.05).

BELA BAH F48 B3N FAT Aol} 3
/\
olg

o
2 Ao
:lol:l

rlo

2
o
o o Bog b B
ae]
A
O
@

—_
—
ot ot to

FRTEL HIt 37982, F27 AP I = 37.98+1.499]
SHSE] AR Tt 2AL 7Y Foll 09041352 AL,
£ 3864418602 7HAH ‘21—%% & g Al A

2 2439 FE AR gaste] A 14 Fol 305942555
e A ThFig. 4). A7kl wE AP FAA fo8 A
F23 2}0](p<0.05)7F AL IL(Table 4), AFFHA A AP
<t @f‘é% m, 43 Vaztel o3 2ol & Bt 2t 43
A7 e AAe AP IO, AP Mo VoA
149 Foll o3 xFo]5 B A TH(p<0.05).

Table 3. Effects of far-infrared on arthritic index

Group Pre Day
3 7+ 14+
| -
Il 8.00+0.70 9.33+0.50 8.67+0.70 7.89+0.60
- 7.99+0.78 8.89+0.78% 7.67+0.50% 6.94+0.53%
IV 8.00+1.05 863+0.97% 7.380.67F 6.57+0.70%

Values are showed mean*SD, Tested by repeated ANOVA( + p<0.05 and multiple
comparison test : group I1-group II(F : p<0.05), group 11-group IV(F : p<0.05), Tested
by paired t-testGroup I, group I, group IV: 3 day-7 day(p<0.05), 3 day-14
day(p<0.05), 7 day-14 day(p<0.05)

Arthritic inde;

0 3 7 14
days
Fig. 3. Effect of far-infrared on arthritic index. 4 : Collagen-Induced
Arthritis group, Il : CIA + FIR 25 cm radiation group, A : CIA + FIR 35 cm
radiation group, Tested by repeated ANOVA( * p<0.05) and multiple comparison
test: group I1-group II(t : p<0.05), group Il-group IV(t : p<0.05)

Table 4. Effect of far-infrared on hind paw volume(cc)

Da
Group Pre 3 7*y 7"
| - - - -
I 37.98+1.49 39.94+1.27 40.90+1.35 38.64+1.86
11l 37.99+2.12 39.39+2.24 37.45+2.02F 32.00+1.40%
I\ 37.98+2.86 37.22+3.49% 35.70+3.41% 30.59+2.55%

Values are showed mean+SD, Tested by repeated ANOVA( = p<0.05) and multiple
comparison test: group 11-group IlI(t : p<0.05), group I1-group IV(F : p<0.05), Tested
by paired t-test, Group Il, group IIl, group IV: 3 day-7 day(p<0.05), 3 day-14
day(p<0.05), 7 day-14 day(p<0.05)

45
40
+
1
s 11.\
Bas | 5
© 1
£ >
T 30 Lt
25
20
0 3 7 14

Fig. 4. Effect of far-infrared on hinddaySaw volume.(cC) 4 : Collagen
~Induced Arthritis group Il : FIR-25 cm Tx group A : FIR-35 em Tx group Tested
by repeated ANOVA( * p<0.05) and multiple comparison test : group I1 -group (¥ :
p<0.05), group Il —groupIV(f : p<0.05)

- 1304 -



42910 AAEA} e s

Table 5. Effect of far-infrared on TNF-a in 14 day (pg/ml)

Group
| 1l 1} [\

TNF-a 27.34 75.67 63.35 67.51
Values are showed mean+SD

TNF-a(pg/ml)
N
o

Group
Fig. 5. Effect of far-infrared on TNF-a in 14 day (pg/ml)

Ad 1o vl Ganto] FE AL HFA
XS0 Bo| A& 4 ¥ F UNU(Fig. 6). AP M A}
3Y IR Eqe v 5o AFAETESY &, BPA=Y W3
Eol FHES #2T 5 ANL(Fig. 6), TAH 7Y FREHE FA
2dte] 2AF 14% Fol it AFAEEY FEHE, B
o Wzt gol $3tHASS #2T & UATHFig. 6). A
Ve A8 39 $7E A& TLsto A 149 Fof o
o] HlF 9} ASAEEY AL, BHAFY W3} To] Bol
4 ES BEL 5 USUTHTable 6)(Fig. 6).

Table 6. Changes of synovial membrane in knee joint of rat

Day
Grou Pre
P 3 7 14
| - - - -
1 +++ et +++ ++
1l +++ 4+t ++ +
v +++ ++3 ++ +

- No inflammation rseaction observed, +2 1 A few inflammation reaction observed in
knee Joint of rat, ++ : considerable number of inflammation reaction observed in
knee Joint of rat, +++* : Marked number of inflammation reaction observed in knee
Joint of rat.

al z
FulEl 2~ #1789 (Rheumatoid Arthritis)& TH38 <0 954
Aoz FHAS A1 v FATUE de 77 FEHEA A
AF o7 MPE o] FHLAS BAH HA 2 Iy} dojye
Agto|t). 2 T AH S FAWHIE W G FAAH g9
doz ER AS F Jon, #Addduddo] HRHoZ WP
o] HHAZ, AFeE BAFY dAxAH S PP

248G §12 2 AE A

Fig. 6. Microscopic lesions of paraffin-embedded rat knee joint (H&E
stain). A : Microscopic findings of normal rat on 0 day. (x40), B : Microscopic
findings of CIA rat on 0 day : Note severe hyperplasia of synovial membrane and
destruction of hyaline cartilage. (x40), C : Microscopic findings of CIA+FIR 25 cm
radiation on 3 day : Note the formation of pannus in hyaline cartilage. (x100), D
: Microscopic findings of CIA+FIR 25 cm radiation on 7 day : Note the hyperplasia
of synovial membrane and the infiltration of inflamatory cell. (x40), E : Microscopic
findings of CIA+FIR 25 cm radiation on 14 day : Note mild edema and
hyperplasia of synovial membrane . (x40), F : Microscopic findings of CIA+FIR 35
em radiation on 3 day : Note theformation of pannus in hyaline cartilage. (x100),
G : Microscopic findings of CIA+FIR 35 cm radiation on 7 day : Note the
hyperplasia of synovial membrane and the infiltration of inflamatoral cell. (x40), H
: Microscopic findings of CIA+FIR 35 cm radiation on 14 day : Notemild edema
and hyperplasia of synovial membrane. (x40)
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Frte s #dEY sy GEAE, FeAE, =9 T M ZAF 3 39 39.39+2.24, 79 37.45+2.02, 14 32.00+1.40
A8 5ol It F A5 FEXFAE ofAT AT} H|AE 2o S Yt A¥7 Ve ZAF 3 39 37224349, 7¢
=X 249A, ALY AT 2HZo|T=A|, FHuIEASA 35.70+3.41, 14¥ 30.592.55% YERN At $19] Aol A dl =T
(DMARDs), #4U ZHZol=x] FAF Fo] gtk o2 = I AP A F 14¥ ERFEY AV AAEE 5AA
7 AgE, FdF A, AR gz A4S HaA o2 AFY F AU
I, N1%5E AU A A, BEESS duE 5 gle AR AGukgol] FoJste AEZFA YTES =3
o] AP, s dosA|NL, G 9 A EE dFusel FHH

A Aol gt gHAYe ARYAER, B o3l o5& Juptohs g o|EHo Ud] SelFoz vt
Agd 3, s5 8, 2olgt &S stu, Frtels #AY, S3tA @3 WAL AU 7)ol WAL FHEsh
ARE, A7AE Sl 488t 3141, 48] 2EAEo cytokineS HHIFo 2R FFo|} HAA WS YIS F
AA ] ALEHE B2E HAM] g gRxde] gt A28 3 Utk o719 TNF-a& tiEHQ] cytokine®Z 1 o wheh
o FyEFol 93 grude £dws A E A7 & 9l A4 YoM 2 Zgo] detA e, 2% ¢ A28 5D AL
ok A WA, Akl ofgk AH A 282 A 2AE € e Wy el JANE 2HITE 3, EEHA A5V
Aol 1~2 mAe] BE FFHBE TR (IREITE, FEAA SF& Bt 28y AR A gz AAEA
&, 8, 42 5)Y BAEHE FAANA 93 £1048-7 1 U, 548 A% 3 (WA s Fddt oY e
Fol| A5t FAE A3t BR8-S FUAAAM AA Y ol w2} TNF-a7} JAH A & %54 cytokine™ A
o RHE HldE FAAZL F WA, FHFFo 9T gry Ho Ao st FrtEls BHE AAA A5 B3Rt Ha
W] 2d28-2 %o b upgEl 445 1958 5 Atk B AFo)A TNF-a FHE 2AF 149 FoAM JFHS
te] F4E YF Ao mRe] 7pg e F90 Ay Fo &4 25 cnoll Al ZAFEE A MelA 63 pg/ml, 939 HE 35 emol
e 290z FEAld AFE FolA ARoM £gutgo] U A z2ARE AEF Vol A 67 pg/mle UElY o] 989 HE AL
AuA "t o]gA TAE d& FRERHAA 3~5 Aol 3 ool F3 Fro At U
Z2 YR A wheate] AR 279 A5 H1897. Friels #E e 24 edd 2742 Nouri)s} o] 2
T3 ALY FAE Hole AolE 9HIN 2dEHE ¢ 2l fid Friels BEd AR oA SR IukHQl e
Aol F71H 02 Folx, ALHS A T i P & walel A2 BPA FAwt T vF, BAG HA
skl PRz FEs=A Mttt stk =3 94 29| ARl #-AE &4, 28 Y7 AE 55 #F
e wAdHS FHAA HAERY 35S FIAAIER & 5 YAGHEY, olo] B AFME HIN G HL3 39
A & o|th38) 2kl st Th ol & ATl A= Fwt ZAY A 208 AHRd, AP M 24 79 ¥, 149
B2 #dgd AHEHE B E Y T 2EAEY 4494 Fo 24 BT 4ol Ha gty e A #FAY F AU,
o] FrtElx FAP FFE v WM FFE = A APT Ve 487 I8 BhE 241 39 FRE A 7H48k]
2t AlRE o] dA S BEFol FdE F o HA AL ZAL 14 Fof] FAuto) u T AFAMEEY] AR, #Ed
ZAFSEY §9HH A, #H A AF, SEFTE, INFoE S43 o] W3, £3H oA HES oA ot F2], dF
3, AWt Wals #Es A AL A, AF9) &4 5 xTd vnd 23 o] 93ty

I A, §AF AANA AH S 25 cndl M A RS BHY F ATk o)Fe AR v Fo] Kol AHYN
A AR ML HSode kg o] 37 Ao A = o] Aol FFA F2 Frigx BHEGAN 543 2 A
AL 3L ol AlstA ettt 2 % A S3tE A, 439 A s g3ATIed aF7E Aol 2 e J1He dEA
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