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Objectives This study was performed to investigate the effects of Bujasasim-tang etha-
nol extract (BST) on oxidative stress, inflammation and osteoarthritic rat model.

Methods To ensure safety of BST, heavy metal levels were measured and cytotoxicity
test was done. /n vitro, To evaluate antioxidative effects of BST, total phenolic contents,
1,1-diphenyl-2-picryl-hydrazyl (DPPH), 2,2’-azino-bis-(3-ethylbenzothiazoline-6-sulfonic acid)
(ABTS) scavenging activity, reactive oxygen species (ROS) levels were measured, Also, to
evaluate anti-inflammatory effects of BST treated group, total nitric oxide (NO) and pro-in-
flammatory cytokines (IL-1 4, IL-8, TNF-«) levels were measured in lipopolysaccharide
(LPS)-stimulated RAW 2647 cells, /n vivo, We injected MIA 50 1 (60 mg/ml) into knee
joints of rats to induce osteoarthritis, Rats were divided into total 3 groups (normal, control,
BST treated group, each n=7). Normal group was not treated at all without inducing osteo-
arthritis and taken normal diet, Control group was induced osteoarthritis by MIA and taken
with 2 ml of distilled water once a day for 4 weeks, BST treated group was induced osteo-
arthritis by MIA and taken BST 2 ml (200 mg/kg/mouse) once a day for 4 weeks, We eval-
uated dynamic weight bearing with the Incapacitance Test Meter. At the end of experiment,
the rats were sacrificed to observe the functions of liver and kidney, changes of WBC, neu-
trophil, lymphocyte, monocyte levels in blood, to evaluate the levels of pro-inflammatory cy-
tokines, tissue inhibitor of metallopreteinases-1 (TIMP-1), matrix metalloproteinase-9
(MMP-9), prostaglandin E, (PGEy), leukotriene B (LTB4) within serum, We observed change
of articular structures by Hematoxylin & Eosin (H&E), safranin-O staining method and meas-
ured amount of cartilage by micro CT-arthrography Statistical analysis was done by un-
paired student’s t-test with significance level at p<0.05 in SPSS 11 .0 for windows,
Results 1. Safety of the BST was identified, 2, AST, ALT, BUN, creatinine levels of BST
treated group were within normal limit, /7 vitro, 1. DPPH and ABTS free radical scavenging
activities of BST showed dose-dependent increase, 2. ROS production were significantly
decreased. 3. Total nitric oxide (NO) and IL-1 8 production were decreased. 4. IL-6 and
TNF- @ production were significantly decreased, /n vivo, 1. Weight bearing ability was sig-
nificantly increased, 2. WBC, neutrophil, lymphocyte, monocyte levels in blood were
decreased. 3. IL-1 8 and TNF- @ levels in serum were significantly decreased. and the IL-6
level was decreased, 4, TIMP-1, MMP-9, LTB4, PGE levels in serum were significantly
decreased. 5. Cartilage volume of BST treated group was significantly increased, Also
changes of cartilage, synovial membrane, fibrous tissue were suppressed,
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Conclusions The results obtained in this study Bujasasim-tang have effects of anti-
oxidative, anti-inflammatory, relieve pain and protection of cartilage, Therefore we expect
that Bujasasim-tang is effective treatment for osteoarthritis, (J Korean Med Rehab

2015;25(2):15-35)

Key words Bujasasim-tang, Osteoarthritis, Oxidative stress, Anti-inflammation, Mono-

sodium iodoacetate (MIA)
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13 2 g3 pAe Thsek, Ve JEeR stk
(Table 1),

2o 7 658 SD-Rat (170~200 g)S ARE3HS]
=, PEkerte] (811, gmela W
l MIAE B85 75 ¥ ol 50 1 (60 mg/mh)#

[e)
SR |

Hol fd Fvks FH
o} At F=2 AF BA7MA Ut LFAEGE
g, Mg, ) E SE3] Pkl &% 22+2°C, F=
554+15%, 12A17F "HeE7](light-dark cycle)e] $H73 ol A
| ARESESIE 2 e didd)
SAEEARE SEl9ds] W
3-DJUARB2013-000)& o} FE&e|F2ld oAt
AAstiTt, At Als o] kg WS kS ot
ZTH(Table 1I).

4) Alef

B A¥o) ARE-E AleF lipopolysaccharide (LPS), di-
methyl sulfoxide (DMSO), 1,1-diphenyl-2-picryl-hydrazyl
(DPPH)-& Sigma-Aldrich Co, (St, Louis, MO, USA)<j|A,
Dulbecco’s Modified Eagle’s Medium (DMEM) B ¥l
Fetal Bovine Serum (FBS), Penicillin & Streptomycing
Hyclone Co. (Logan, Ut, USA), Cell viability assay kits=
Daeillab service Co, (A€, 3=), Nitric Oxide detection
kit¥ Intron Biotechnology Co. (=4, gkl s}
k. FE4 B2 918 HNOsE Duksan Co, (SR}, 31=0)
o)A, As, Pb, Hg, Cd standard solution2 SCP Science Co,
(Quebec, Canada)ol|Ad] F3}aL, HPLC A& 93
water®} acetonitrile2 Ducksan Co, (¢FAF 3k=r) o] HPLC
Sr]E AL83F9 2™, Folin-Ciocalteu’s phenol reagent
+ Merck Co, (Darmstadt, Germany)ollA], gallic acid®}

Table I. The Prescription of Bujasasim-tang

Herbal medicine

name Pharmacognostic name Weight (g)
K Rhei Rhizoma 6
gt Coptidis Rhizoma 3
WA Scutellariae Radix 3
- Aconiti Lateralis Radix Preparata 3
Total amount 15

sodium carbonatet Sigma-Aldrich Co. (St. Louis, MO,
UsA)ollA F43}E}. Cytokine Milliplex Map Immuno-
assay kit Millipore Co, (Bellerica, MA, USA)ollA4], Rat
Total MMP-9 (matrix metalloproteinase-9), LTB; (leuko-
triene By), PGE; (Prostaglandin E;) ELISA kit, Rat TIMP-1
(tissue inhibitor of metalloproteinases-1) kit, Rat IL-6
(interleukin-6) kit, Rat TNF- @ (tumor necrosis factor- @)
kit, Rat IL-18 (interleukin-18) kits= R&D System Co,
(Minneapolis, USA), 5= o84 4 (FHF4
Hr =T, =)olM Fekn. SWEe T F
AMA| 23 Monosodium iodoacetate (MIA) (Sigma, USA),
nlHA 2= Zoletil (Virbae S A., France)®} Rompun (¥}
oldsgjo}, AlE, §k)E& ARSIt Hematoxylin and
Fosin §283} Safranin-O @28oll= Hematoxylin (Merck
Co., Germany), Eosin Y (Wako Co., Japan), Safranin-O
(Merck Co., Germany)Z, Micro CT arthrography®] Z3
A= Hexabrics 320 (Guerbet Co., France)S ARE3}SICH

5) 2171

£ A ARg-E 7]7]& Rotary vacuum evaporator
(EYELA, Japan), Freeze dryer (dAlnfo]Q o] &l=f),
ELISA reader (Molecular Devices, USA), Luminex (Milli-
pore Co., USA), ICP (Shimadzu Co,, Japan), 2%
Z7|(TELEDYNE Leeman Labs, USA), HPLC (Shimadzu
LC-20AD, Japan), HPLC column (ZORBAX Eclipse Plus
Cl18, 250x4,6 mm, 5 #m), Flow cytometry system (BD
Biosciences immunocytometry systems, USA), Insulin
syringe (0.25 mmX8 mm, BD Medical-Diabetes Care,
USA), Incapacitance Test Meter (IITC Life Science, cali-
fornia, USA), AFEET-247](MS9-5, MELET SCHLOESING,
France), Minos-ST (BECKMAN COULTER LH780, BECK-

Table II, The Components of Normal Diet

Components Percentage (%)
Crude protein 20.0
Crude fat 4.5
Crude fiber 6.0
Crude calcium oxide 7.0
Calcium 0.5
Phosphorus 1.0
Total amount 39.0
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MAN COULTER, USA), Light Microscope (Carl ZEISS,
Germany), micro CT arthrography (Skyscan 1076, Brucker,
Germany) & ©|-83}3itt.

2 Hi

.. oH-d
AR =&

B T80 685 80% 4 1 1] ¥ar 3417k =<t 3¢
F F=E3ct. O oS rotary vacuum evaporatorS
ol-83te] 50 ml= Wk, st A Hxsilt. e
AxE WAE.0E T8 F2E5BST, 10.8 95 ¥& 1
st Alg2 ARESFITE

)

I

A

3, v, FlEE BAe] A9 BST 0.5 g& Fxuhy
ANE A d8-8710l ¥ Ak 10 miE ¥
/718 FE St AAAA Y 7h2E AAstaL Sx
3 A8 MFRE ARt Ealetsirt. w7t £
o RS AR offete] §FEelade) ¥
=5 Yol sl 9] FEHAR st A
o2 shgdnk w2 A2k 10 mlE vy Agd e
2| 8870 ol A ZAe} T2 WHo g st
SAEH O R ARG FHIE A, ZFEH 9 FA
HAS 7HA3L FEAFE =R BAICP)E o83t
2getal SARA o At AAS &4

)

&

S e

Age

shoick. e BAo] A% BST 50 mg& HA Pol
S8 A4 g glo] FeRU/1E olgate] Zgsh
et

3) HPLC &4

BST 30 mg< 80% 4 1 mlol| =] 0,45 «m mem-
brane filter=2 &3} & o] = 20 ulZ HPLC A|EE AR
3133}, HPLCE Shimadzu Co, @] system controller (CBM-
20A), pump (LC-20AD), column oven (CTO-20A), diode
array detector (SPD-M20A), column< ARE35}Ic}, o]F
2F2 water (A)Q} acetonitrile (B)Z gradient elution sys-
temS Z-GA|A 0~58(0% B), 5~40(30% B), 40~60%-
(80% B), 60~80%(100% B)oZ A3t 452 1.0
ml/min®|Q ™ column &&= 40°CE F-AI5I¥L, UV

wavelengtht 210 nmZ AAste] EA18}3c}.
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. FF AEEY 1 mloll 50% Foiln-
Ciocalteu’s phenol reagent 0.5 mlE 7}5lo] 2LofA] 3
=1 REAIFTE 9hE-g-Aoll Na,COs 2318 1 mlo}
7.5 ml FRFE A2 Tt 3087 AT H,
12,000 rpmollx] 1023+ Arelst § eds FHs
760 nmolM FR=2 SAsII. F Eefuls I gal-
lic acidg FEdR o]8ate] 2Hdgh ekl dl wet g
Fe Folor SATLEE GAE (Gallic acid equiv-
alent)/g& AHE3FSICE

3. In vitro &! In vivo
1) In vitro

(1) M=Z=4 At

RAW 2647 A3EE 96 well platese]l 10" cells/well =
Hste] 2441 B9 vkt ARE sl el Al
22 Aoz wAEtaL, BST B NEH)| F555
Z}Z} 1, 10, 100 #g/mle] FE2 X2fsle] tha] 24A3F
B2 ekt i = 10 419] WST solutions 7}
ste] Hl71(37°C, 5% COOlA 307t WHEAI AT, wvh
& F 450 nmoN FBee] wWsks SAske] el
gk AE AEES WEEE TABII

(2 sls &5

@ DPPH &7&

e 2 4 A et AaEd
DPPHE AMg3sh= WHo= F4d 834171 0.2 mM2
DPPH -89 150 1o} BST B 47}#] 7dekAie] 4 +
Z%5 1, 10, 100, 1,000 rg/ml 100 & Z4z; E3a}aL,
37°CoA] 307 ¥ AL, 517 nmolA] FEEE S
gatglct. tzee ARl dal B2 ¥9lon, DPPH
|9 Al FHE Yol Agks Aeh. ARz &
AL o] 2ol ule} Alskstoict

27E ()=
Hxre] - A=m ke 8=
tiz=rel F8%

) X100



Mol sk &4, 45 3 ZEdd HeRdd vXs JF ]

@ ABTS &A%

ABTS assay HHLS 7|&o| Hud HHHES 96 well
platesel] Bt F7gste] A8kt BST= #HE 527t
1, 10, 100, 1,000 xg/mle] =2 2 4 A JXAA
o ABTS €42 7.4 mM ABTS (2,2’-azino-bis-(3-e-
thylbenzothiazoline-6-sulfonic acid))®} 2,6 mM potas-
5, el ahF ERF WAt
o] Yol 2(ABTS+)& X B 734 nmoll F335%=
2 24ae R gho] 15 olabr) Uews 34w,
SlA e ABTS+ £ 150 ul9} BSTE 242F 5 ul &3}

sium persulphateS- | %3}

1, ALda] 1027F ¥H3AI7] F, 734 nmol|A] FREE
—é—@fﬂ- E]— U]—)\]-;:]_‘—o == EHz:rLOE 0}0:1 EHZ
ol gk ABTS o]zt 2482 MEgz JehfQct

27 (%)=

EH7"—ri/] —}\] 7};/] e

)% 100
ﬂ144
® ROS A4

RAW 264.7 A3 WollA] reactive oxygen species (ROS)
=23517] Qsted 2, 7-dichlorofluorescin diacetate (DCEF-
DA)E o]83}3t}. 12 well platesol] RAW 2647 H|EE
1.5%10° cells/wello] =7 BFatgdct. 24A17F St w)
okal Z‘fr STE 1, 10, 100 pg/mle] F=2 225},
LPS 1 pg/mliE glale], thA] 24A17F B2t 37°C, 5%
CO, HiF7]olA st aitt. vi%F F-, 1,200 rpmollA 5
B7l 94 Bajsle] ne AEs ;<}7]-—,_r PBSE 23] A¥
3 3 DCF-DA 10 xMo] H&2 Hrlsle] 1582 F<t 1l
o) Al FeolN QA G T e PRSE
Fo] 1,200 rpmolA] SERE LA EElg v s
AASFIL ThA] PBS 400 115 F-FA1A FAIE F471E
ol-gate] FFLEL] A7l wE HsHE A3

Q) AT =5 =

D Total nitric oxide (NO) A4

NO9] F=+= vl 9] nitrite &S Griess Reagent
SystemS o|-&3Fe] =A3}FT RAW 264.7 AEE 96
well platesol] 10" cells/well2 F-53}a] 24A)7F Zo} nj
okl & BSTE 1, 10, 100 ug/ml_/] FTEE 28,
LPS 1 pg/ml& A ejate], Thr] 24413 F3F vjFsl it
N1 buffer 50 ©l1Z Z} wellol] 22]3F 3 10827F L2004

=
=

O

|

d

i

o}

i=

B
ru:

N2 buffer 50 ¢l&
0 nmoA] TFEE =

o= =

7+ wellel] =]glskaL,
J3l3ict.
ool Wkl

o =
]-—(f zl'za
=]

=

r-\rL
o

0 54
Nitrite standardQ/] ToE ZTFHE o)g
NO s%5 ZAs3irt.

@ 9= cytokine 43

RAW 264.7 AZZ 12 well platese]] 1.5x10° cells/ml
7h Hes EFekal, 24ARE S)F ujdet ¥, BSTE 1,
10, 100 pg/mle] F=2 A28k, IPS 1 pg/mlE *]
2Jakork. 24ARF < vl - A el NS 7718k
vfjokalel ¥ IL-18, IL-6, TNF-@E custom-made
4-plex cytokine Milliplex panel& ©]&3}e] Z43}3c},

FAIZL &

gud

2) In vivo

(1) 2Ee R Y MET ER

nAAEIE 0.5 mi+HFE 0.1 mDE ratE v} sk
SB% FEWY AL Aol AR F, BULY

e MIAS Q&Y 1 ml FAPIE 72 387 Yol
50 11 (60 mg/ml)# FoJalgdch MIA 34 Aloll= 0.9%
salineS AFE3lgTE #APe] ke dolsly] 93

d 7, 85 AERSe B e TIE
oz ddsigitt. ddae ddde FEehA e A
T WEEE FEa SRFE Fold dixw, ¥ Y

= SR BSTE Fofgh A9 5 F 3252 77

—‘?'io«l 371% s ag olgste] &5 FESaHe]
)23 2 2Rl Alole] HAL mm W2 =4t
et o] AmE 3o A} Zzte] AdEE]
gels Ae 2 dEgl ¢Ee e W 552

Table III, Edema and Tenderness of the Right Knee on

Arthritis Rats

Group Knee joint diameter (mm) Tenderness*

Nor before 8.38+0.18 0.0£0.0

(n=7)  after 8.60%0,14 0.0%0.0

Con before 8.51£0.31 0.0£0.0
(0=7)  after 10,40%0,16 4.14+0.64

BST before 8.531+0.15 0.0%+0.0
(n=7)  after 10.68%0.10 4,00+0.53

The results were expressed as mean®S.D. from 7 osteoarth-
ritis rats,

Nor: Normal SD-rat group. Con: MIA-induced osteoarthritis
group. BST: MIA-induced osteoarthritis group treated with BST.
*Pain score (0-6 point),
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g3h7] 93k B5S 59t
SHoR wgste] @ F 1 Birghe ofelel 2ol Ut
ERSick(Table IID).

o
i
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i
ol
2
Iz
N
i)
o

7
S
3

0~3)=%FA 0~6

@) 2= 5o
SD-rate] Q8% = FH7} o] MIAS FARSHe] &
[e)

AP Fuslct, Padde] LY AN A5t 7

7} el zEn ARTeR B, 15:0] At
5 ol RE Aol v 97 104)0] FH BST 2

ml (200 mg/kg)E 47 & 77 a3t Tl
= 22 iReE A9

Q) AE =3t dAt

S| AS F38l= Incapacitance Test MeterE o[-
sto], FepEel] H|2E38] Al & ZF slvte]d] 71|
Z1 A71E 10%0l AA FeakEsidrt, AxE $59
Sobg]o] FxE AT WEge thed 22 WS

ol-gste] Altatiict.

V
i
%
1
2
QL
20
=

:

. : _ A &R A
Weight bearing (%)=( AT 3149 A

) X100

(4) W™ EM
FHF Ay £87 & g3 Yol|A] AST (aspartate amino-

transferase), ALT (alanine aminotransferase), creatinine,
BUN (blood urea nitrogen) BAEE =437 $s)
EDTA X8 FHE FAPI|Z A AAHS o83t
g4 10 miE AHFHET. oAs 3087 F2elx] =37
% 3,000 rpmollA] 1587F AR & APy e
A AT LS, Bol #4 olzistel B 9
T, WET T 2T, W@, WEae] B9l AST,
ALT, creatinine, BUNS Z743}itt, E7M| 24 A
HF=A 7|2 FonioH ol F35F4] Minos-STE A3 o,
AST, ALT B &+ JSCC UV method®] @8], creatinine
o] &=ke Creatinine Jaffe Method®] 12|, BUNS] stk
< Kinetic UV assay2] 2l& o|-83le] AYslst A4
712 Z7g8t3it.

(6) ¥ cytokine H HS oK 21X £H

A HollX g5 AlolE7IRIE &783H7] $18ke] lumi-

20 J Korean Med Rehab 2015;25(2):15-35

nexE ARSFATE A& AF k] 3087E d2ellA
31 % 3,000 rpmollA 1587 ARES & d3s &
3ke] 1183, IL-6, TNF- @, TIMP-12 Z43}9J3, ELISA
£ ARg3ke] MMP-9, LTBs, PGE,S S350t

6) =% =5

e S AT dFE o Lt
o] &AAE 3 AT, gl of=]ste] HAlske
], 2342 FAHBIA(HEXABRICS 32002 78] A
o] AR} ¥ micro CT-arthrograpyS AR&3ste] 22344
o] AdFa;(cartilage volume)S =74 @ FEAJ319c}

(7) Z=XEE (st ZAL

Micro-CT #go] 1 & 75 F9& Adste] 10%
EDTAZ} 3He 1000 228 8ol gol P =45

S decalcification) A ZiE}, WARAERY7 W (radiograph-
ic technique)& o]&ste] B3t f7-5 ERIg & 3t
2h gof W 2218 Pl gk ok e cor-
onal section)& AAIEFT E2wst A AA o2t
Hog IAHH FAL 7 pme V|2 AE T, Hema-
toxylin and Eosin (H&E) & Safranin-O 9215 AA|5}e]
2] Jeig sttt 95 vk A A &
AE] 52, ASHES] 24 AR o= H&E M 2
ol gelgt 4= 9lom, proteoglycan S5 A
Safranin-O G4 A= AT 2] &4 o5 &

ki,

ﬂF

4, SHX
E Adolx AL A= Al W o) ge] HiE g ¥ 4
e FGE+EFEAE Jega, spss 11.09 un-

paired student’s t-testg ARE3te] FAAE 3H3ATh p-
values7} 0.05 oJa}Ql -4 FAIH SR fFojio] 3= A
°F Hokth

7‘_3_31]-»»»
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(Table 1V),

2. HPLC 24

HPLCE ©]83}] pattern £49F A3}, 210 nmollA] re-
tention time®] 24,06%3} 26,1782l peakE YERNS
Th(Fig. 1).

Gallic acid& J‘f}_f 2 3l = Zog= deke =
A3k A}t 103.44 mg/go UeERJTHTable V).

H

Table IV, Content of Pb, As, Cd and Hg of BST

Pb As cd Hg

Permissive density 5 3 0.3 0.2
(mg/kg)

BST 0.099 N.D.* 0.026 N.D.

*N.D.: Not detected.

Table V, Total Phenolic Contents of BST

Sample Total phenolics (mg GAE*/g ext.)
BST 103.44£1.29

*Total phenolic contents were expressed as milligram of gallic
acid equivalent (GAE) per gram of extract.

mAsL

4. In vitro
1) MZ ZMof| o|xl= &

RAW 264.7 A|EZFoX] Al BEEL x-S 100.0+
LO0%E Jebds o, BST Tt 1 pg/ml F=olA
100.0£5.9%, 10 rg/ml F=A 99.247.0%, 100 £2g/ml
EEoA 102.8+5.6%= UERITHEg, 2).

2) etekso| ojxl= g

(1) DPPH 2748
DPPH 2782 1 pg/ml F=olX 9.2+1.8%, 10 1g/

140 -

120 -

100 -

80

60 -

40 -

20 -

0
Con 0 100

concentration(4g/me)

Cell viabliity (%)

Fig. 2. Effects of BST on the cell viability of RAW 2647 cells,
Cells were treated with 1, 10, 100 ¢ g/ml of BST for 24 hours.
Cell viability was determined using the WST assay. The results
were expressed as mean®S.D. from three independent experi-
ments,

EA0nm,dnm (1000
24500

2000
1500

1000

— T T
10 20

Fig. 1, HPLC chromatogram of BST.

500_: \’\)JLML“WM
o l‘” e
- E L Ly L L [
=20 40 S0

T e e e
s8] Ta min

Column: ZORBAX Eclipse Plus C18 (250X4.6 mm, 5 /m), sample injection volume: 20 x1, mobile phase: HO (A)/ACN (B) gra-
dient elution: 0~5 mins (0% B), 5~40 mins (30% B), 40~60 mins (80% B), 60~80 mins (100% B), flow rate: 1.0 ml/min, detector:

PDA detector,
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ml FXolM 15.2%54%, 100 p«g/ml FEA 84,1+
1.0%, 1,000 pg/ml LA 92414 7%= e} 5%
ojlEHor FTIHAO o fISITHFEig. 3).

(2) ABTS A&

ABTS 22A&& 1 1g/ml F504 0.0+0.9%, 10 n1g/
ml F%oA 3.6+0.5%, 100 rg/ml FEoA 46,1+
1.3%, 1,000 #g/ml FxoA 92.8+1 8%% ERY}, &
T ojEHo R FTIEAOY frolde fllrh(Fig. 4).

(3) ROS MA

BST2] ROS A4 Al &2 x-S 100.0+1.0%
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Fig. 3. DPPH free radical scavenging activity of BST at various
concentration,

Extracts were incubated with DPPH solution at 37°C for 30 mins.
Activities were determined by measurement of absorbance at 517
nm, The results were expressed as mean®S.D. from three in-
dependent experiments.
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Fig, 4. ABTS free radical scavenging activity of BST at various
concentration,

Extracts were incubated with ABTS solution at RT for 10 mins,
Activities were determined by measurement of absorbance at 517
nm, The results were expressed as mean*S.D, from three in-
dependent experiments.
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2 RIS uf, TS 20,11+5,6%, BST Tl 1
p1g/ml FEO 96,6126,3%, 10 ng/ml FEOA 75,60+
8.0%, 100 rg/ml FEol|A] 65.67+8.3%= UERY, thz
ol HJa} 100 pg/mlolA] 34,348 3%= o)A QAICp<
0.05) FHAaEIrhFig. 5).

NO AAEFS YZFS 100+3. 7%= VERYS u), &
e 38.013.3%, BST Folte 1 png/ml sEkolx
100.5£4,1%, 10 pg/ml =04 100.6%2.2%, 100 rg/
ml FEolA 72249 7%% YR}, tiZzTel HlE] 100
rg/ml FEA 27.8+9 7% FHAE o folde §l
SchFig. 6).

() PE cytokine 44

O 1A

BSTE| IL-168 A7 S5k 49, tzo| 21.6+
2.3 pg/ml, o] 1.2+0.2 pg/ml, BST Folwe 1
pg/ml FEoM 19,5242 pg/ml, 10 pg/ml FEolA
13,8441 pg/ml, 100 pxg/ml FEolA 12,0£3.2 pg/ml=
el tizwtel vls e oM Z4zh 9.7+19.6%,
36.1£18.8%, 44.4+15.000 FAA2EJ o} FolAde eid
thFig. 7).
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Fig, 5. Effects of BST on the ROS production in RAW 264.7 cells,
The RAW 264.7 cells were stimulated with LPS 1 zg/ml and
treated with BST 1, 10, 100 xg/ml for 24 hours. The ROS
production was analysed following incubation with DCFH-DA
by flow cytometry. The results were expressed as mean=®S.D.
from three independent experiments. Significant value was cal-
culated by compared with control group by unpaired student’s
t-test (*p<0.05).



B Fis Lol A

>,
fohy
)
b
2,
ul e
ol
W2
M

2
i)
uith
ok
=
ko
i)
=
=
)
rlr
_&
o

120

100
80 *
60 I
0 -
Nor Con 1 10 100

concentration (ug/ne)

8

Relative ROS production (% of control)
N
8

Fig. 6. Effects of BST on NO production in LPS-stimulated
RAW 264.7 cells,

Cells were treated with LPS 1 ¢ g/ml and 1, 10, 100 zg/ml of
BST for 24 hours. The results were expressed as mean=S D,
from three independent experiments.
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Fig. 7. Effects of BST on LPS-stimulated IL-1 8 production in
RAW 264.7 cells.

Cells were treated with LPS 1 z£g/ml and 1, 10, 100 2 g/ml of
BST for 24 hours. The results were expressed as mean*S.D.
from three independent experiments.
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BSTS| IL-6 B85S 5788 A}, thxwo] 6999.7+
683.6 pg/ml, A2Hro] 13.8£5.0 pg/ml, BST Foe
1 ug/ml FEolA] 7025114851 pg/ml, 10 pg/ml &
TolA 4813,1£971.2 pg/ml, 100 xg/ml FEolA]
4402,51789.8 pg/ml= R, thaol HIs| 10 ng/
ml F=olA 31.2+13,9%, 100 xg/ml F=olA 62,3+
11.3%2 524 JAEp<0.05) 7HAEATHFg. 8).
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Fig. 8. Effects of BST on LPS-stimulated IL-6 production in
RAW 264.7 cells,

Cells were treated with LPS 1 xg/ml and 1, 10, 100 zg/ml of
BST for 24 hours. The results were expressed as mean*S.D.
from three independent experiments. Significant value was cal-
culated by compared with control group by unpaired student’s
t-test (*p<0.05).
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Fig. 9. Effects of BST on LPS-stimulated TNF- @ production in
RAW 264.7 cells,

Cells were treated with LPS 1 z£g/ml and 1, 10, 100 zg/ml of
BST for 24 hours. The results were expressed as mean=*S.D.
from three independent experiments. Significant value was cal-
culated by compared with control group by unpaired student’s
t-test (*p<<0.01).

ml2 YeERS o, e 638.7£65.9 pg/ml, BST ¥
oS 1 pg/ml FEoA 2133.6£210.6 pg/ml, 10 xg/
ml FEA 1582,0+256.3 pg/ml, 100 xg/ml T4
1541.3+161.8 pg/ml= YeRY, tiZzwrel vlsl] 100 g/
ml FEoA 35.0£6.8%= A4 AAC*p<0.01) FH
=] AcHFig. 9).
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5. In vivo

1) ME Fsfol| olxls S

e

As Fat AxE A 27, dix=e] %
100+14.7%2 YeEPHS o], Al 202.6£5.5%
BST Folre 135.056.2%= Yeh}, tizstol HISH
BST FoftollA] 948 AI(p<0.05) F7H=|AHFig.
10).

ALTS] 749 th&7(36.1£2.8 U/L)o] AARFH(23.3%
0.9 U/L)ol H|ate] Egkom BST Fofi(32.0+14.1 U/L)
otz Hlg] 11.4£11.5% Ao} Fo4e
SAACHFig. 11).

AST9] 739 tlZ3%(139.7+9.5 U/L)o] Ad=(92.7+
2.3 U/L)ol Hgt] =kow, BST Fof7-(110.1+11.2
U/L)2 thzzel vlaf 21.2+8.0% ZAAEot §-04
< UATHFg. 11).

3) A1 7|50l o|xl= FE

(1) Creatinine
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Fig. 10, Effect of BST on weight change in the hind paw of
MIA-induced osteoarthritis rat.

The results were expressed as mean®S.D. from 7 osteo-
arthritis rats. Statistically significant value compared with con-
trol group by unpaired student’s t-test (*p<0.05).

Nor: Normal SD-rat group. Con: MIA-induced osteoarthritis group.
BST: MIA-induced osteoarthritis group treated with BST.
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16,76%£1,59 mg/dl, ZTL 17.87+0.80 mg/dl, BST
Tolte 17.51+1.77 mg/dlZ YR}, izl s

2.019.9% A= o folde §lickFg. 13).
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Fig. 11, Effects of BST on the ALT and AST in MIA-induced
osteoarthritis rat,

The results were expressed as mean®S D. from 7 osteoarth-
ritis rats,

Nor: Normal SD-rat group. Con: MIA-induced osteoarthritis group.
BST: MIA-induced osteoarthritis group treated with BST.
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Fig. 12, Effect of BST on the creatinine in MIA-induced osteo-
arthritis rat,

The results were expressed as mean®S.D. from 7 osteoarth-
ritis rats,

Nor: Normal SD-rat group. Con: MIA-induced osteoarthritis group.
BST: MIA-induced osteoarthritis group treated with BST.
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Fig. 13, Effect of BST on the BUN in MIA-induced osteoarth-
ritis rat,

The results were expressed as mean®S D, from 7 osteoarth-
ritis rats,

Nor: Normal SD-rat group. Con: MIA-induced osteoarthritis group.
BST: MIA-induced osteoarthritis group treated with BST.
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Fig. 14, Effect of BST on level of WBC in the blood of MIA-
induced osteoarthritis rat.

The results were expressed as mean®S.D. from 7 osteoarth-
ritis rats,

Nor: Normal SD-rat group, Con: MIA-induced osteoarthritis group.
BST: MIA-induced osteoarthritis group treated with BST.

BUN level in serum(ug/d@)

WBC (Thous/zt)

BST Foiito] 11.23+1.04 Thous/ 12 UJeER}, thxT
off HI3}) BST Fofwtelld 5,948 7% A=l ovt frof i
< YSArhFig. 14).

Q) 25T M2

W thgh S5 HE-2 TS 7.3010.38%
2 P o), AAREo] 2.00£0,24%, BST Fofito]
5.9020,71%% ERY}, tizTtol] H|sf] BST FaftollAd
19.249.8% FHAEA oW frolde IATHFig. 15).
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Fig. 15, Effect of BST on level of neutrophil in the blood of
MIA-induced osteoarthritis rat,

The results were expressed as mean®S.D. from 7 osteoarth-
ritis rats,

Nor: Normal SD-rat group. Con: MIA-induced osteoarthritis group.
BST: MIA-induced osteoarthritis group treated with BST.
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Fig, 16, Effect of BST on level of Lymphocyte in the blood of
MIA-induced osteoarthritis rat,

The results were expressed as mean®S.D. from 7 osteoarth-
ritis rats,

Nor: Normal SD-rat group. Con: MIA-induced osteoarthritis group.
BST: MIA-induced osteoarthritis group treated with BST.

Lymphocyte /WBC differential counting(%)

wo] 73.13%2.33%= Ueht, tharol Hls| BST Fof
oA 9.2£2.9% FHAERA O o432 fIirhFig. 16).
(4) Trelot At
W ol thgh T3The] HlE-2 TS 5.6110.38%
2 YRS o, Aol 2.0910.23%, BST o]
4.3610.30%0= e}, thztol Hjsl BST Foldtollr
22.3+10.4% FAaERou folde giitkFig. 17).
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Fig. 17. Effect of BST on level of Monocyte in the blood of
MIA-induced osteoarthritis rat.

The results were expressed as mean®S.D. from 7 osteoarth-
ritis rats,

Nor: Normal SD-rat group. Con: MIA-induced osteoarthritis group.
BST: MIA-induced osteoarthritis group treated with BST.
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Fig. 18, Effect of BST on level of IL-1 B in the serum of MIA-
induced osteoarthritis rat,

The results were expressed as mean®S D, from 7 osteoarth-
ritis rats, Statistically significant value compared with control
group by unpaired student’s t-test (**p<0.01).

Nor: Normal SD-rat group. Con: MIA-induced osteoarthritis group.
BST: MIA-induced osteoarthritis group treated with BST.

5) §3 cytokine X @ oi7H QUKo olxl=

(1) IL-18

dA Yo 14 WS 4% 29 A
2.6%0.5 pg/ml, F+S 138.1 +£16.9 pg/ml, BST %
P 97.8+13.8 pg/mlE UERY, thzTol| vl BST
FolollA 29.2+10.0%2 94 AAIC*p<0.01) FHA
= Ach(Fig. 18).

2) IL-6

b o] IL-6 BAFS 5745 23 Fdad 144.3+

26 ] Korean Med Rehab 2015;25(2):15-35

1200

1000
800
600
400
200
. In
Con BST

Nor

IL-6 level In serum (pg/me)

Fig. 19, Effect of BST on level of IL-6 in the serum of MIA-in-
duced osteoarthritis rat,

The results were expressed as mean®*S.D. from 7 osteo-
arthritis rats.

Nor: Normal SD-rat group. Con: MIA-induced osteoarthritis group.
BST: MIA-induced osteoarthritis group treated with BST.
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Fig. 20. Effect of BST on level of TNF-a@ in the serum of
MIA-induced osteoarthritis rat.

The results were expressed as mean®*S.D, from 7 osteo-
arthritis rats, Statistically significant value compared with con-
trol group by unpaired student’s t-test (**p<0.01).

Nor: Normal SD-rat group. Con: MIA-induced osteoarthritis group.
BST: MIA-induced osteoarthritis group treated with BST.

28.3 pg/ml, HZT- 962.7£84.3 pg/ml, BST Tt
771.2%£165.0 pg/ml2 YeR}, tZz7o) 1|5 BST FolT*
oA 19.9£17.1% FHAEHA oW F-o44S UATKFig. 19).

(3) TNF-a

INE- @ s S48 A3 Al 12.8+5.3 pg/ml,
ZTL 67.019.9 pg/ml, BST FoI-e 52.24+8.9 pg/ml
2 Ve, izl wls] BST FefrellA 22.1+13.3%
2 94 IAEp<0.01) FAEATHFg. 20).

(4) TIMP-1
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7435.8+£703.5 pg/ml, ZT-S 19547,8£2433.1 pg/ml,
BST Foi-& 13092.0£2119.6 pg/mlE YeRY, tZEaol
)] BST Fofolli] 33.010.8%F oA QA(=*p<
0.01) #AHJACHEFig. 21).

(5) MMP-9

g o] MMP9 AARFE S AY A
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Fig. 21, Effect of BST on level of TIMP-1 in the serum of
MIA-induced osteoarthritis rat.

The results were expressed as mean®S.D. from 7 osteoarth-
ritis rats, Statistically significant value compared with control
group by unpaired student’s ttest (*p< 0.01).

Nor: Normal SD-rat group. Con: MIA-induced osteoarthritis group.
BST: MIA-induced osteoarthritis group treated with BST.
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Fig. 22, Effect of BST on level of MMP-9 in the serum of MIA-
induced osteoarthritis rat.

The results were expressed as mean®S.D. from 7 osteoarth-
ritis rats, Statistically significant value compared with control
group by unpaired student’s t-test (*p<0.05).

Nor: Normal SD-rat group. Con: MIA-induced osteoarthritis group.
BST: MIA-induced osteoarthritis group treated with BST.

= QTH(Fig. 22).

6) LTB,

ol o] LTB, a3 e
306.9%10.1 pg/ml, thFETL 535.2%56.5 pg/ml, BST
FoJFe 43101560 pg/mlzZ YERY}, thZErol H]s|
BST Foftolld 19.5£10.5%% 24 AI(*p<0.05)
FHAE| ATH(Fig. 23).
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Fig. 23, Effect of BST on level of LTB; in the serum of MIA-
induced osteoarthritis rat,

The results were expressed as mean®S.D. from 7 osteoarth-
ritis rats, Statistically significant value compared with control
group by unpaired student’s t-test (*p<<0.05).

Nor: Normal SD-rat group. Con: MIA-induced osteoarthritis group.
BST: MIA-induced osteoarthritis group treated with BST.
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Fig. 24, Effect of BST on level of PGE; in the serum of MIA-
induced osteoarthritis rat.

The results were expressed as mean®S.D. from 7 osteoarth-
ritis rats. Statistically significant value compared with control
group by unpaired student’s t-test (*p<<0.01).

Nor: Normal SD-rat group. Con: MIA-induced osteoarthritis group.
BST: MIA-induced osteoarthritis group treated with BST.
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368.8125.4 pg/ml, hETL 665.6%£52.2 pg/ml, BST
ol 52261436 pg/ml2 Yeh}, tiz=re] Ha)
BST Fofolld 21.5+6,6%2 FoAd JA(*p<0.01) (1) Hematoxylin & Eosin (H&E) 2344

A= Ieh(Fig, 24). 5 Wl A wst 9 ASAHE s

6) A=l olxl= S .

% 7
FEFAEe] dF FHYHEE micro CT- arthrography o] fEo] ARt AF, ) AGF2e] WY o]
£ olgsle] e Ay Fure] AFHEL 1394016 FAIA UERATE BST ot tixTtl vls oF,
mm’ 2, Z27e] AZHL 0.2840.05 mm’ =, BST F¢ gt AfzAe] "ol dAlE= Zes yeRgtt (Fig.
o] dFEEe 0.70+0.14 mm’E UERY}, 2] H]3) 26).

BST FofrollA 1532448 8%=2 A AAIC=p< (2) Safranin-O 44
0.001) F7F=EACKFig. 25). Safranin-O A& AAGE A godre] ddzze
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Fig. 25, Effect of BST on imaging of cartilage degeneration using micro CT-arthrography in joint tissue of MIA-induced osteoarthritis
rat,

The results were expressed as mean=®S.D. from 7 osteoarthritis rats. Statistically significant value compared with control group by
unpaired student’s t-test (**p<0.001).

Nor: Normal SD-rat group. Con: MIA-induced osteoarthritis group. BST: MIA-induced osteoarthritis group treated with BST,
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Fig. 26, Effect of BST on joint pathology (Hematoxylin & Eosin staining) from joint tissue of MIA-induced osteoarthritis rat,
Normal group shows the presence of slightly thickened synovium (arrow). Control group shows isolated areas with chronic in-
flammation (arrow). BST treated group shows signs of tissue integrity with a thick layer of cartilage compared with control group

(arrow),

Nor: Normal SD-rat group. Con: MIA-induced osteoarthritis group. BST: MIA-induced osteoarthritis group treated with BST.

Fig, 27, Effect of BST on joint pathology (Safranin-O staining) from joint tissue of MIA-induced osteoarthritis rat.
Normal group shows stain intensity of red color in proportion to proteoglycan content (arrow). Control group shows red color dis-
appeared in most of articular cartilage (arrow). Proteoglycan contents in articular cartilages of the BST treated group were increased

compared with control group (arrow).

Nor: Normal SD-rat group. Con: MIA-induced osteoarthritis group. BST: MIA-induced osteoarthritis group treated with BST.,
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o]gh xpol7}t gllaL, ASTS] 9= BST Folv-d tlz=
o HlgiME Aoy FoJgk Aozl glithFig.
11). 2% 715 ZAAblA 83 creatinine F%5 5743
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Fole] gk W7t AFE B uf oFEe] gl o
o] gltkar & 4 Uit
MA 52 S34d Y FE29L Kalbhend} Blumo] *
SO AFE Fog Aol HEAFTN Fae)
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o]de] §ISItHEFg. 14-17),

S tig As8dE HFe] Sl EY
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T2 NO9} PGE2] Aake Z7[A7]a cytokine O &
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