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The Effect of KKBT in Papain—-Induced Osteoarthritis Mice

Models

Sung Yeong-Suk' - Choi Hak-Joo' + Oh Jeong-Min' - Ji Joong-Gu® - Bak Ji Won' + Kim Dong-Hee' *
"Dept. of Pathology, College of Oriental Medicine, Daejeon University
2Dept. of Oriental health care, Joongbu University

To evaluate the efficacy of Keonkangbujatang (KKBT) in osteoarthritis treatments, C57BL/10 mice were
treated with papain to induce osteoarthritis, and anti—arthritic effects were measured.

To ensure safety of the KKBT sample, ALT, AST, BUN, and creatinine levels were measured, and they
were all within the normal range. Based on the fact that suppression of inflammatory cytokines leads to the
improvement of arthritis, IL-1b, IL-6, TNF-a, and MCP-1 production levels were measured. The cytokines
were significantly decreased in serum. Also, mRNA levels of IL-1b, IL-6, and INOS-II were significantly
decreased in joint tissues. PGE2, a usual inflammation vector, and LTB4, TXBZ2, that are involved in the onset
and deterioration of inflammation, were all significantly decreased. The levels of white blood cells,
neutrophiles, and mononucleophiles also decreased, although the numbers were not significantly large.

I*mmune-modulation of KKBT in the pathological mechanism of cartilage deterioration by inflammatory cells
and their vectors was proved. This study should provide basis for the development of effective therapeutics

as well as use in clinical practice.

Key word : osteoarthritis, Keonkangbujatang (KKBT)
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Table 1. The Compositions of Keonkangbujatang
(KKBT)

L £ ¥ % AE(g)
% ¥ zngiberis siccatum Rhizoma 1
M T Aconiti Tuber 0.5
Total 1.5
3) Alef

2 Ay AMEE A%}l papaine SigmaAl
(USA) A%<, (diethyl pyrocarbonate(DEPC),
chloroform, trichloroacetic acid, isopropanol,
Tris= HCl, KCI, MgCl2, A8+ &89 (ACK
DMEM vl eFol,

lysis solution), dulbecco's

phosphate buffered saline(D-PBS),
Sulforhodamin B(SRB), 2-isopropanol,
Sodium dodecyl sulfate (SDS), PMA,

ionomycin, antibiotics= SigmaA} (USA) A&
< ARgErdlen,  S-EeldA(fetal  bovine
serum, FBS)2 HycloneAHLogan, USA) A&
S, IL-6, TNF-a, IL-1B, Thromboxane B2,
iNOS-II, COX-2, MCP-1, Prostaglandin E2
a3 Leukotriene B4 ELISA  kit&
BioSource A} (California, USA) Al%& AH&3)
Ao, 71 At Alke 55 A E AE-EES

o

4) 7171
2 A ARg® 7]7]E CO2 incubator
(Formascientific Co., USA),
(Visionscientific ~ Co.,

clean bench
Korea), autoclave

(Sanyo,Japan), micro-pipet (Gilson, France),

water bath (Visionscientific Co., Korea),
vortex mixer (Visionscientific Co., Korea),
spectrophotometer (Shimazue, Japan),

centrifuge  (Sigma, USA), deep-freezer

SE0 0Ixls & 35

(Sanyo, Japan), QuantitativeReal -Time
RT-PCR  (Applied Biosystems, USA),
ice-maker (Visionscientific Co., Korea),

homogenizer (OMNI, USA), plate shaker
(Lab-Line, USA), ¥ ELISA leader (Molecular
Devices, USA), micro-CT scanner (Skyscan,
Belgium), #A&d=47] (MS9-5, MELET
SCHLOESING, France)s< AM&-38}91t}.

Papain (type IV, double crystallized, 15
units/mg, Sigma, USA)2 %7} 1.0 % (w/v)
7} H e 24591 (B4 94 papaine] &
ABE == 0.03M L-cystein HCl (Sigma,
USA)E e ths = AuE Sdste] -
5 75 #4ddd o)&d 6 uLE Tt
(Papain €93} cysteine 95 1112 3)4).
Papain €92 5o Z 0.2 um syringe filterE
AASA L. Age A4
FANZET Joins®), KKBT Fof

= 4 79 6vEE 38

2) ok F

C57BL/10 A FH ol papaine FA}SH —Zr
(79) *5E 2124 (JomS‘R)JJr KKBTZ
400 mg/kg® wid A 11A]e] & 453F Toi
3kt

’6‘0

1—‘“-194

3) 9% AolEFHY @ <4} ELISA 57
]

A% Z8 5 g d gynovial fluidE AFH 3
Gt dAo 2Ry 4 £ 84S YT A,
AZFA A #EQ IL-1B8, TNF-q, IL-6, MCP-1 &

o AelEzele
Thromboxane B2,
Leukotriene B4 59

ELISA=

Prostaglandin E2,
Q54 MAAES 242t

=48,
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9] assay kitgE o] &3t L& A3

4) dNEA(Hematology)
HF Ad F8 5 EDTA AEld HFHE FAP|
A dl 1.0 mE APt E S vtol e
ZH(F)AF, SHAHFD 9Fste RHET 5
T, HATFY F AEFE ST A
I FE A AGEo R AF3 e A=
%77] (MS9-5, MELET SCHLOESING, France)
2 FonioHdll 39 Minos-STZ 438} Tth
5) Quantitative real-time-PCR in knee joint
A #9 C57BL/10 AFe FEAA=X

o] Zrzte] RNAzolB 500 ¥

L)

A=}
w
b F 1522 o] £ o2
Foll 15%7F A8k £ 13,000 rpmol| Al ¢4
g% F oF 200 wel FEFAL 3ol

a1

PN oo X
S o go MM

¢

<+ =

I dgelA 1583 WASIAT o] A
13,000 rpmell A 94 &8¢ $ 80% EtOHZE
FABL 3E7F vacuum pumpoll A A ZREH]
RNAE F=3tlth. %3 RNAE DEPCE A
213 2002 FFo =] heating block 75T
o/l E&43} A7 T first strand cDNA 34
o Ap&-3F3lth,

o HA} (reverse transcription) WSS FH]
H total RNA 2 ug& DNase [ (10U/mb)
2U/tubeE 37C heating blockel A 30&7F uk
3% & 75TAA 10 £ &< WAL, o]
2.5 10 mM dNTPs mix, 1x0 random
sequence hexanucleotides (25pmole/ 25pu0),
RNA inhibitor24] 10 RNase inhibitor (20 U/
w), 1gb 100 mM DTT, 4.5 5XRT buffer
(250 mM Tris-HCI, pH 8.3, 375 mM KCl, 15
mM MgCI2)E 7Fst %, 19l M-MLV RT
(200 U/p)E thAl 7kstar DEPC A= S/
24 HF Fu97}t 20p7t HES QI o] 20

ph®] W Edel 412 5 2,000 rpmol A

RT(Moloney murine leukemia virus reverse
transcriptase, Promega, USA)E &&43} A
71 % o] 485" cDNAE polymerase
chain reaction (PCR)°ll A}&-3}3i T},
quantitative PCR2 7500
Real-Time PCR system& ©]&3}o] 4333}
). Mouse Olionucleotid®] @742 o534
tH(Table 2).

Real time

Table 2. Primer Sequence

Gene  Primer Sequence

Forward 5" CAACCAACAAGTGATAT
TCTCCATG 3

e 5 GATCCACACTCTCCAGC
TGCA 3’
5" TCCAGTTGCCTTCTTGG
Forward
L6 GAC 3
5" GTGTAATTAAGCCTCCG
Reverse
ACTTG 3
5" TTCTGTCTACTGAACTT
Forward
TNF- CGGGGTG ATCGGTCC 3’
¢ 5 GTATGAGATAGCAAAT
Reverse
CGGCTGA CGGTGTGGG 3
5 TCAAGTGGCATAGATG
Forward
COX_2 TGGAAG AA 3
5" TGGCTCTGCAGGATTTT
Reverse
CATG 3
5" GGCAGCCTGTGAGACCT
Forward TG 3
NOSI 5  GCATTGGAAGTGAAGC
Reverse
GITTC 3

Cytokine 42+ &S SYBR® Green PCR
Master mixS AF&3}1 3, internal standard+
GAPDH® Taqman probeE AH&38I3lon,
primer?] #FFF%7F 200 nMo] = A WHSAIH
t}, IL-18, IL-6, TNF-qa, COX-2, iNOS-II¢]
mRNA 38 fid x2S 288t cDNAS

gHdstel  wAMegit. PCRY

AL
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pre—denaturation 50CelA 2%, 94ColA 10
F g]a 95ToA 0.15%, 60TAA 182 40
3] 38Rt Target group?l Quantitative
PCRE y = x(1+e)n x = starting quantity y =
yield n = number of cycles e = efficiency® 7
2Fske] RQ (relative quantitative)S 743} th

1. 2t 715 "X 9%

v 7% 549 AE A ALTE Aol
Z0] 26.942.7 (U/L)= 1+
Y oyl M=
32.6+25 (U/L), KKBT HoZdAe
65.9£31.7 (LU/L)E YErst. ASTE B2,
FANZTE, ERF, KKBT Fodold Z+z
83.5£10.9  (U/L), 100.4£10.5  (U/L),
84.0+15.6 (U/L), 107.3+23.8 (U/L)& Ytebst
t} (Fig. 1).

140 7
WALT(UL) @AST (UL)

120 4

100

Normal OAC-control OAC-Joins® OAC-KKBT400

Fig. 1. Effect of KKBT on the ALT and
AST in papaine-induced osteoarthritis mice.
Normal ; C57BL/10 normal mice group

OAC-control ; Papain-induced osteoarthritis

g0 0Ixle & 37

group

OAC-Joins®
group treated with Joins®

OAC-KKBT400 Papain-induced
osteoarthritis group treated with KKBT400
Values represent the means £ SD.

2. A 7zl A= FF

g4 9 BUN 55+ 543 A7, 4ol
27.943.7 mg/dl, hZT°] 29.9+1.9 m
Uebton], guizatel Joins® Foltel A=
31.412.2 mg/dl, KKBT Fo++& 27
mg/dlE YER} KKBT Fojatol A djzate] ]
39 F94 glE (=P<0.0D) #AE YERS
o (Fig. 2a). 8% 9 creatinine §%+v 4%
T2 0.371£0.01 mg/dl, tEv2 0.41£0.02
mg/dlE Vet o ], P2 Joins® Fof
ol A+= 041 +£0.02 mg/dl, KKBT Fole
0.37£0.01 mg/d¢Z el tZzToll H|3te] &
A e (+p<0.05) FAE Vel (Fig. 2b).
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Fig. 2 Effect of KKBT on the BUN and
creatinine in papaine-induced osteoarthritis
mice.

Normal ; C57BL/10 normal mice group

OAC-control ; Papain-induced osteoarthritis
group

OAC-Joins® ; Papain—induced osteoarthritis
group treated with Joins®

OAC-KKBT400 ; Papain-induced osteoarthritis
group treated with KKBT400 Values represent
the means *+ SD. Statistically significant value
compared with control by T test (*p<0.05,
#:p<0.01).

3. 84 Ul 9F Aol EFI n A= Fg
1) IL-18 Aol nX+= 43k
7 U IL-1p BAFS Fdare] 6.9+2.1
pg/ml, thZEro] 139.3+23.0 pg/ml, WA Z+
2l Joins® FoJio] 15.64+3.6 pg/ml, KKBT %
o] 7o) 53.316.7 pg/mE eI, FA 2L
KKBT Foft RFo A djztel Blate] f2]4d
(+#%p<0.001, *#p<0.01) &= #AHAS YERIN
t} (Fig. 3).
180
160
140
120
100
80

60

20
o | i -

Normal OAC-control

OAC-Joins® OAC-KKBT400

Fig. 3 Effects of KKBT on levels of IL-18
in the

osteoarthritis mice. The levels of IL-183

serum of papaine—induced

were determined using a Luminex system.

Normal ; C57BL/10 normal mice group
OAC-control ; Papain-induced osteoarthritis

group

OAC-Joins® ; Papain-induced osteoarthritis
group treated with Joins®

OAC-KKBT400 ; Papain-induced osteoarthritis
group treated with KKBT400 Values represent
the means £ SD. Statistically significant
value compared with control by T test
(##xp<0.001, **p<0.01).

2) IL-6 Aol vA= A

g4 WY IL-6 B2 Fdwro] 58.4£15.0
pg/ml, HZ&To] 1002.4+256.2 pg/ml, Stz
91 Joins® Foite] 145.0+57.5 pg/ml,
KKBT %olito] 450.3452.7 pg/ml& FERL}
FddEzTH KKBT Fo EFddA gz
Hlate] 9] (+xp<0.01, *p<0.05) UL A
YeRi it} (Fig. 4).

1400 1
1,200 1
1,000 1
800
600

400 1

"
200 4
ol M , i

OAC-Joins®

Normal OAC-control OAC-KKBT400

Fig. 4 Effects of KKBT on levels of IL-6 in
the serum of papaine—induced osteoarthritis
mice. The levels of IL-6 were determined
using a Luminex system.

Normal ; C57BL/10 normal mice group

OAC-control ; Papain-induced osteoarthritis
group

OAC-Joins® ; Papain-induced osteoarthritis
group treated with Joins®

OAC-KKBT400 ; Papain-induced osteoarthritis
treated with KKBT400 Values

represent the means =+ SD. Statistically

group

significant value compared with control by T
test (*p<0.05, **p<0.01).
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o

3) MCP-1 Akl mx= o3

g3 We MCP-1 RS AdTol
2.5+0.4 pg/ml, dJZiLol 122.4£15.2 pg/ml, %
Azl Joins® Folito] 33.4+11.0 pg/ml,
KKBT fo]ito] 64.5+18.5 pg/m= UERY, %4
Aozt KKBT Fola oA tizdted H
sto] Z7F fo A (##xp<0.001, #p<0.05) U=
#ag YeEpde (Fig. 5).
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Fig. 5 Effects of KKBT on levels of
MCP-1 in the serum of papaine-induced
osteoarthritis mice. The levels of MCP-1
were determined using a Luminex system.

Normal ; C57BL/10 normal mice group

OAC-control

OAC-Joins®™
group treated with Joins®

OAC-KKBT400 ; Papain-induced osteoarthritis
KKBT400

represent the means =+ SD. Statistically

; Papain-induced osteoarthritis group

; Papain-induced osteoarthritis

group treated with Values
significant value compared with control by T
test (*xp<0.05, **xp<0.001).

4) TNF-a A%l mA= 9%

g3 e TNF-a A% ATl
10.6+1.9 pg/ml, thZ o] 142.4%+19.1 pg/ml,
FA )29 Joins® Folito] 38.4+8.0 pg/nl,
KKBT Fo+o] 78.1+12.4 pg/m¢Z YEFY, &
Bl KKBT Fola B5Foll Atz H]
ato] oA (++p<0.001, #+p<0.01) A& Ha
& UERAY (Fig. 6).

SE0 0Ixls & 39
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Fig. 6 Effects of KKBT on levels of TNF-a
in the serum of papaine- induced mouse.
The levels of TNF-a were determined using
a Luminex system.

Normal ; C57BL/10 normal mice group

OAC-control

OAC-Joins®
group treated with Joins®

OAC-KKBT400 ; Papain-induced osteoarthritis
KKBT400

represent the means =+ SD. Statistically

; Papain-induced osteoarthritis group

; Papain-induced osteoarthritis

group treated  with Values
significant value compared with control by T
test (#%p<0.01, **xp<0.001).

4. 49 1 thromboxane B2d| WX+ 3
g3 W9 thromboxane B2 AL A
o] 17.314.1 pg/ml, thF+°] 49.2+14.2 pg/mi,
Pzl Joins® Folito] 14.2+1.8 pg/ul,
KKBT %o]io] 32.145.8 pg/m= e}, o
ozt KKBT Foit RApellA] djztel H]
ate] FoA (++xp<0.001, *p<0.05) °'L Z}
& YeEpIAe (Fig. 7).
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Fig. 7 Effects of KKBT on levels of
thromboxane B2 in the serum  of
papaine—induced mouse.

Normal ; C57BL/10 normal mice group

OAC-control

OAC-Joins®™
group treated with Joins®

OAC-KKBT400 ; Papain-induced osteoarthritis
KKBT400 Values

represent the means =+ SD. Statistically

; Papain-induced osteoarthritis group

; Papain—induced osteoarthritis

group treated with

significant value compared with control by T
test (%p<0.05, **%p<0.001).

5. Leukotriene B4(LTB4) AAdol v X+ gk

g3 o] Leukotriene B4 A &
50.1£7.9 pg/ml, EH 0] 314.5+46.9 pg/ml,
AT Joins® FeJie] 91.0+£19.1 pg/
ml, KKBT Folwto] 132.0£26.5 pg/m= LIEk
v, AR TI KKBT Foldt Z5oAM iz
131 Z+zF 204 (++xp<0.001, ##p<0.01)
s JEAT (Fig. 8).

4gtol

X0 A
rir é
o

350 A
300 A
250 4

200

*
150 A
wak
100
0 T T T

Normal OAC-control OAC-Joins®  OAC-KKBT400

Fig. 8. Effects of KKBT on levels of
Leukotriene B4 in the serum  of
papaine—induced osteoarthritis mice.

Normal ; C57BL/10 normal mice group

OAC-control

OAC-Joins®
group treated with Joins®

OAC-KKBT400 ; Papain-induced osteoarthritis
KKBT400  Values

; Papain-induced osteoarthritis group

; Papain—induced osteoarthritis

group treated  with

N HB21%E BN

represent the means =+ SD. Statistically
significant value compared with control by T
test (¥*p<0.01, **xp<0.001).

6. Prostaglandin E2 A4 nA] &

g4 W9l Prostaglandin E2 A s G
o] 59.2+0.7 pg/ml, EHz:rLO] 271.0+20.8 pg/
ml, FAANET Joins®™ Fofito] 123.2+42.4
pg/ml, KKBT Fojo] 108.6+25.6 pg/mZ 1}
Elu, A ETH KKBT Folat R5elA o
Zdl HE A §94 0 (++p<0.01,
#+xp<0.001) A& FAEE HERNAY (Fig. 9).

350 4

300 1
250 1

200 1
150 1 xhx
100
04

Normal OAC-control

OAC-Joins®  OAC-KKBT400

Fig. 9. Effects of KKBT on levels of
Prostaglandin E2 in the serum of
papaine—induced osteoarthritis mice.

Normal ; C57BL/10 normal mice group

OAC-control

OAC-Joins®™
group treated with Joins®

OAC-KKBT400 ; Papain—-induced osteoarthritis
KKBT400 Values

represent the means =+ SD. Statistically

; Papain-induced osteoarthritis group

; Papain—induced osteoarthritis

group treated with

significant value compared with control by T
test (#¥p<0.01, **xp<0.001).

7.4 o AN vA= 9

1) & Aol ]i]% dF

g e MEyE>
(x103/me), thxro] 8.43%
Azl Joins® Folto ]

é,*o o] 9.03£0.04
49 (x103/me),
.50£0.82 (x103/
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ml), KKBT Fol+o] 8.06+0.73 (x103/m)E 1}
El%tt} (Fig. 10).

10 1

Hi

OAC-Joins® OAC-KKBT400

Normal OAC-control

Fig. 10. Effects of KKBT on levels of
white  blood cells in the blood of

papaine—induced osteoarthritis mice.

Normal ; C57BL/10 normal mice group

OAC-control ; Papain-induced osteoarthritis
group

OAC-Joins® ; Papain-induced osteoarthritis

group treated with Joins®
OAC-KKBT400 ; Papain-induced osteoarthritis
treated with KKBT400 Values

represent the means £ SD.

group

2) =47 (Neutrophils)dl] 1] X]+= <J3F
9 HE&2 AN

g o] Wy tof ojgk FAT d
o] 5.9+0.15 (%), txE&wto] 22.1+4.12 (%),
AN 2T Joins® FoJio] 6.9+0.82 (%),
KKBT %odi¢o] 16.8+0.92 (%)= YEIL}, %A
fxzre  dxzddl  HEle f94 e
(++p<0.01) ZAE Yehllor, KKBT Fo
< Aoy fo)de JERA gt

(Fig. 11).

SE0 0Ixls 8 4

o

AN

OAC-Joins®

=

Normal OAC-control OAC-KKBT400

Fig. 11. Effects of KKBT on levels of
neutrophils in the blood of papaine—induced
osteoarthritis mice.

Normal ; C57BL/10 normal mice group

OAC-control

OAC-Joins®
group treated with Joins®

OAC-KKBT400 ; Papain-induced osteoarthritis
KKBT400

represent the means =+ SD. Statistically

; Papain—induced osteoarthritis group

; Papain—induced osteoarthritis

group treated  with Values

significant value compared with control by T
test (+#p<0.01).

3) W8T (Monocyte)ol A& 9
dol o PP g BT HEe Y
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Fig. 12. Effects of KKBT on levels of
monocyte in the blood of papaine-induced
osteoarthritis mice.

Normal ; C57BL/10 normal mice group

OAC-control ; Papain—-induced osteoarthritis
group

OAC-Joins® ; Papain-induced osteoarthritis
group treated with Joins®

OAC-KKBT400 ; Papain-induced osteoarthritis
KKBT400 Values

represent the means =+ SD. Statistically

group treated with

significant value compared with control by T
test (**p<0.01).
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Fig. 13. Effects of KKBT on levels of IL-1
B mRNA in the joint

papaine—induced osteoarthritis mice.

tissue of

Normal ; C57BL/10 normal mice group
OAC-control ; Papain-induced osteoarthritis

group

OAC-Joins® ; Papain-induced osteoarthritis
group treated with Joins®

OAC-KKBT400 ; Papain-induced osteoarthritis
with  KKBT400 Values

represent the means = SD of 3 mice.

group treated
Statistically significant value compared with
control by T test (+#p<0.01, #*%p<0.001).

2) IL-6 mRNA®] m]x]+= o3
34 2A40 M9 IL-69 mRNA 23dL %
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-

AAo] 0.16+0.07 (RQ), FA %72 Joins®

Folito]l 0.36+0.06 (RQ), KKBT o]

0.46+£0.0 RQZE YeR}, FANETH KKBT
L

el sk felA
(#xp<0.001) A& #F2E YeAdY (Fig.
14).
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Fig. 14. Effects of KKBT on levels of IL-6

mRNA in the joint tissue of papaine—induced

OAC-Joins®  OAC-KKBT 400

osteoarthritis mice.
Normal ; C57BL/10 normal mice group
OAC-control ; Papain-induced osteoarthritis
group
OAC-Joins® ;
group treated with Joins®
OAC-KKBT400 ; Papain-induced osteoarthritis
treated with KKBT400 Values

represent the means =+ SD. Statistically

Papain-induced osteoarthritis

group

significant value compared with control by T
test (#*xp<0.001).
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3) TNF-a mRNA®] m|x]&= o 3F
<3d 2|9 TNF-a¢ mRNA 2d&
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A}

Aol 0.1740.04 (RQ), Szl
Joins® FoJite] 0.58+0.01 (RQ), KKBT %o
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2ol Hste] FoA (++xp<0.001) &= 7
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(Fig. 15).
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Fig. 15. Effects of KKBT on levels of
TNF-a mRNA in the joint

papaine—induced osteoarthritis mice.

tissue of
Normal ; C57BL/10 normal mice group

OAC-control ; Papain-induced osteoarthritis
group

OAC-Joins®
group treated with Joins®

OAC-KKBT400 ; Papain-induced osteoarthritis
KKBT400 Values
represent the means =+ SD. Statistically

; Papain—induced osteoarthritis

group treated with

significant value compared with control by T
test (x+xp<0.001).

4) COX-2 mRNA9| m]x|&= &k
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SE0 0IXls & 43
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(Fig. 16).
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Fig. 16. Effects of KKBT on levels of
COX-2 mRNA in the joint

papaine—induced osteoarthritis mice.

tissue of

Normal ; C57BL/10 normal mice group

OAC-control ; Papain-induced osteoarthritis
group

OAC-Joins® ; Papain-induced osteoarthritis

group treated with Joins®

OAC-KKBT400 ; Papain-induced osteoarthritis
group KKBT400 Values
represent the means =+ SD. Statistically

treated  with

significant value compared with control by T
test (#*xp<0.001).

5) iINOS-II mRNA®| w] x|+ 3k
3" z2Ad A9 iINOS-112] mRNA &2
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(+#%p<0.001) Y& #42EZ Yeldd (Fig.
17).
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