J Korean Soc Food Sci Nutr
43(1), 30~39(2014)

SEREEDEREE
http://dx.doi.org/10.3746/jk{n.2014.43.1.030

Effects of HPL-04 on Degenerative Osteoarthritis
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ABSTRACT HanPoong Leading (HPL)-04 were prepared with different oriental medicines (balk of Kalopanax pictus
balk, Chaenomelis Fructus, Angelica gigas root, Zingiber officinale, Raphanus sativus Linne and Saururus chinensis
Baill.) to investigate the protective effects of HPL-04 on cartilage degradation in knee osteoarthritis (OA). Rat articular
chondrocytes incubated with rhIL-1o markedly increased matrix metalloproteinase (MMP)-2 and 9 activities, decreased
cell viability and reduced chondrogenic gene expression. 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT) assay, MMP-2 and 9 activities and real time RT-PCR indicated that HPL-04 counteracted these harmful effects
in dose-dependent manner. In addition, for experimental OA in vivo, monosodium iodoacetate (MIA, 0.5 mg/50 pL)
was injected into knee joints of rats and administered HPL-04 to rats for 4 consecutive weeks after MIA treatment.
The experimental data showed that treatment with HPL-04 significantly prevented of MMP-2 and 9 activities in articular
cartilage. Histopathological and micro-CT evaluations of the knee joints also revealed that HPL-04 effectively amelio-
rated MIA-induced degenerative OA. In conclusion, HPL-04 has potential applicability for the prevention and treatment

of degenerative OA.
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(NSAID, non-steroidal anti—inflammatory dru
AA R dhgnA A RGO 4] BE A &
%8 B fUE S glon, Ay dah 2a
(disease modifying osteoarthritis drugs)<]
Z710ll ARg-E o] ¥ o] & odsl=T A
st =gho] 9lom A, 1t VT &4
o] 7ks/d ol ATH10). oA H dA7HA =34
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HPL—-04 M=

2 Aol AFE-S HPL-04 A%e] 74 &S 543
2 9133] B (lksan, Korea)ol A Fi3te] 4As &
ot} 7H7t daso] v AHPANS E5 7
Fom 2ok AHolits, Fa% AlE o F 2l
AP A B AAEDS FRle § HPL-04 Azl AHE-
st Z47be] 67FA] AokS dlE T, B
Atz A7y Zbze] Aok
95~100°C, 3AIZF /5= 23] A &
AHE o35 & A7NE 60°C o]stel A
sto] 242t Az ~E A3, 47 slEy 2}
A AL SR A EE Table 13} 22 ¥ &2 &3}
stef A7) =5 Azttt

Table 1. The composition of HPL-04

Herbal medicine name Ratio

Kalopanax pictus bark 3
Chaenomelis Fructus
Angelica gigas root
Saururus chinensis
Raphanus sativus
Zingiber officinale
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Az AHAE A AEFELS 3~457 FA &F 180~200
g %2 male Sprague—-Dawley rat(Damul science, Dae
jeon, Korea)S 73 %’?0}04 0% 32 YHE A%
st AS & AHAFS 2~3 mm AX A= AHES
I 2HFHE AZ x2S phosphate buffer saline(PBS) &
oA B3l clean bench® %At 2 mg/mL collage—
nase type II(Sigma-Aldrich Co., St. Louis, MO, USA)&
A 7}3te] shakerel] 1,200 rpme = 3A|7F &t A5k
ok olZA A oA AE FHIE 70 ym pore size
cell strainer(BD Falcon, Flanklin Lakes, NJ, USA)el ¢
73 3 1,600 rpmo 2 10—r7} AR 3lo] YA
H AIZE PBSE 33 AFs & ASAELE EE85Hh
5 AdIFAEE 10% FBSe DMEMoY 1% penicillin—
streptomycing 7}sle] 75T flaskell ¥ a2 37°C, 5% CO,
o] 27 stoll A wiatdiTt. oju] 2~3ol & WA WA &
ol oF 4~5¢el At ARl
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o U ME YEE SF
| S4 2 AE AESS A3} -?—]z‘sH MTT assay
A A8k 2x10* cells/well®] AEZ 96 well platel]
Ho]F 5 24X 7F A A A =), oA S E AEE e
W2 HPL-04(1~200 ng/mL)E 24A13F F¢t v X2 g
w3 HPL-04(1~200 pg/mL)E 1A13F A A glg 5 rhil-1
a5 ng/mL)E Y3 24A17F Bk wlj et} 24417F Hell 20
ul. MTT solutionS A |8k o] 3412t 37°C incubator
o A wjkst F wjx 9 MTT Al 2ke A As}a DMSO Al
200 pLE 7}8Fe] microplate reader(BioTek, Winooski,
VT, USA)E ©] 439 560 nmoll A EHFEE S48
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2= X|E(matrix metalloproteinase(MMP)-2, 9)
H

MP-2, 99 & g1& fa) AdsEolA E8d A
ZE 96 well plated] 5x10* cells/well?] =2 10%
FBSE %7}5]’ DMEM #j&kelo] #-Ealo] 12A]17F 5<F oF4
3A1Z1 & HPL-03, HPL-04& F=E 2 A& 3}l rhil-1
a(5 ng/mL)E A elste] 24A17F v ggt o HFqE o] &
& MMP-2, 95 ZA3llctt MMP-2, 9 542 913 MMP
ELISA kit(Mybiosource, San Diego, CA, USA)E o] &3}
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Table 2. Primer sequences for real-time reverse
polymerase chain reaction

transcription

Gene name Sequences
Collagen  Forward: GAGTGGAAGAGCGGAGACTACTG
type I Reverse: CTCCATGTTGCAGAAGACTTTCA

SOX9 Forward: AGAGCGTTGCTCGGAACTGT
Reverse: TCCTGGACCGAAACTGGTAAA

Aggrecan Forward: GATGTCCCCTGCAATTACCA
Reverse: TCTGTGCAAGTGATTCGAGG

B-Actin Forward: ATCGTGGGCCGCCCTAGGCA
Reverse: TGGCCTTAGGGTTCAGAGGGG

%L general ELISA protocol2 WA Ad3 5 560 nm

X FHEE FH5 T}
A= M X|H(collagen type Il, SOX9, aggrecan) &
o =d

A FEAA )3 AZHAEZE 6 well platedl] 5x10°

CeHS/WeHJ FE2 10% FBSE #7138k DMEM sl ko o

Foto] 2443k 1t b SAZ] F HPL-045 s EH=E
1/\]7J AA2 ¥ F rhiL-1a(5 ng/mL)E ASZA¥E 24
AlZE &k A e & MEE 339 Ribo EX(GeneAll,
Daejeon, Korea)® A FA}] manualdl] W&} total RNAES
2313 cDNA9] IS $13) iScript Select cDNA syn-—
thesis kit(Maxime™ RT PreMix; Intron, Seongnam,
o]-&3} ). 7} primere] @74 E-2(Table 2)
primer express software(Applied Biosystems, Carls—
bad, CA, USA)E ol&3 Hzkel =1t} Real-time PCR
28 Al AFE3F 7] A= Step One Real-Time PCR system
(Applied Biosystems, Foster City, CA, USA)o]™ SYBR
Green Supermix(BIO-RAD, Hazelwood, MO, USA)Z A
#9] protocoldl we}t ¥H-333TE PCRE 48 well plate©ll
4] ABI Step One Plus Sequence Detection System
(Applied Biosystems)& A}F&-3}% ).
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Fig. 1. A schematic diagram of degenerative osteoarthritis in-
duced by intra-articular injection of monosodium iodoacetate
(MIA).

A A-SH rate ZE € (zoletiDZ AAIvLE 3 Fatidd 1
AN71I MIAR 9% 849l 3 ddE S add
W FAl(intraarticular injection)E At th. MIAE
sterile saline®l 7}&]9 0.5 mg/50 nlLe] =% 26 gauge
o] g3t FALSTE e T YA sterile

=

=

saline 50 pLA FAFSIA G (Fig. 1).
HAZEL X|E(MMP-2, 9) &M =X

AT A=A QA 5 MMP-2, 99 23 g21S &) rat
oA #& gk &S phosphate buffer saline® A3 3
w712 A #E Foh E4€ =2 RIPA buffers
Azlsl& FHell 15,000 rpmol A AaEe] F A5 NS o] &
3 MMP-2, 98 S35tk MMP-2, 9 545 913 MMP

ELISA kit(Mybiosource)E& ©]&3}%] general ELISA
protocol& WekA AEe F 560 nmollA FHE=E S35}

£8E micro CTE 0|88 Mt

RE A¥FAES MIA 9 2 HPL-049] 4% 45
Foll A zoletiDE AT ¥ &% S@dol gl 2+
7y #AHE FASZ micro-CT(SkyScan, Aartselaar,
Belgium) #%9& A3t
Z2|stH zhat 3 "ot

AEE F 474 A8 TR F BE rats s &
HAE TEHE AF AT iﬁﬂiﬁ‘} E8EL 10% =284
O 7 24A1ZF 1 A3F A 1 5 gk Evf 4 10% formic
acid® 72A1F ¢t @3]kl &3] & eyl 55 Al
BT 5 um 2ol Lol mo] RN AT 29

HAL AAd 232 9 F8 27 d=4 A4 (inflamma-
tion) H7rslr] A8 &8tol= ] 2R A hema-
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F3st9 . S5E& Medplan Pathology Laboratories
(Seoul, Korea)oll &l 2 A3} TH16).

Rl AR gAS Y. gl
AA87] ¢k Student's t-testE
A TS X0.05% HA st

2 It

MZ =M U M=g I}t

Primary culture® A-&AEol thdk HPL-049] AE =
A D AESS Hrslr] 98 MTT assays $38)s-5 o)
rhlL-1aE o5 A 2g doldE AEEC] F94 I =
7}8bgl 3, HPL-04(100 pg/mL)E 1A A2 % rhiL-1
a5 ng/mL)E 24A13F A3k ol A= AEEo]
A adhe Aol BATHFig. 24, B). ¥ A< A3} HPL-
047} rhiL-1aol 9l A% E AT AEES F7HA71E
Aoz AtsHh

In vitroO| M E&M QIXfol MMP-2, 99| EME TJ|
rhiL-lav A& 954 JA]1 MMP-2, 98 F2A171
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o} rhiL-1aE @& A3k Fol A= MMP-2, 90] Z=7}sf
3L, HPL-04(100 pg/mL)E 1413t 2] F rhiL-1a(5
ng/mL)E 24417 A 2% Tl = MMP-2, 97F ZAashs
Aol Btk (Fig. 2C, D). &+ A& €] 23 HPL-047} rhiL-
lao] 93] Surg o3z <lzkel MMP-2, 99 B4 E=
A= Aoew Argdr

HPL—040] st A= M X|HE(collagen typell, SOX9,
aggrecan) M35 T}t

rhIL-1a(5 ng/mL)& ©5 s FolA= A=F
Z}Ql collagen type II, SOX 9 % aggrecan®] &4
FFashE Wb o] HPL-04(1~200 pg/mL)E 1417
3}aL, rhiL-1a(5 ng/mL)E 24A13F A 2] s ol e A&
1A} collagen type II, SOX 9 & aggrecan®] & =7}
/b8 Ao g ®el o] F & HwES u rhil-1la
£ o5 A3 R HPL-045 Aglsl+ wold A=
A7 21 %1¢] collagen type I, SOX 9 ZL8]il aggrecan
o] &A43lE] = F o2 Hol HPL-047} ASFAE W3 g3
7} e Ao® AEHTHFig. 3).
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MIAE A9 E 4oy
9=

21 MMP-2,

(B) 120 ‘ ’ *
3 100 -
5
3 80
S
£ 60 1
2
S 40
=
8 201
0 m
Control HPL4  HPL4  HPL4  HPL4
™ (10) (100)  (200)
rhiL-1a (5 ng/mL)
(D) MMP-9 .
1400 - !
1200 4
T 1000 -
>
£ 800 A
(o]
S 600 -
®
£
S 400 A
Q
< 200
0 m
Control  HPL-4 HPL-4  HPL-4  HPL4
(10) (100)  (200)

rhiL-1a (5 ng/mL)

Fig. 2. Effects of HPL-04 on cell viability and MMP-2, 9 activity in chondrocytes incubated with or without rhIL-1a on concentration.
(A) Chondrocytes were treated with 1~200 pg/mL HPL-04 for 24 h. The cell viability was assessed with a MTT assay. (B)
Chondrocytes were treated with 1~200 pg/mL HPL-04 in with rhIL-1a for 24 h. (C, D) Chondrocytes were treated with 10~200
pg/mL HPL-04 in with rhIL-la for 24 h. MMP-2, 9 activity was assessed with ELISA kit. P<0.05, as compared with control;
"P<0.05, as compared with positive control (rhIL-lo alone treatment).
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Fig. 3. Effects of HPL-04 on chondrogenic gene expression in
chondrocytes incubated with or without rhIL-1a on concentration.
Chondrocytes were treated with 10~200 pg/mL HPL-04 in with
thIL-1a for 24 h. "P<0.05, as compared with control; 'P<0.05, as
compared with positive control (rhIL-la alone treatment).
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Fig. 4. Effects of HPL-04 on cartilage MMP-2, 9 activity on MIA-treated knee joint. Rats were administrated with 10 ~100 mg/kg
HPL-04 for 4 weeks prior to MIA treatment. MMP-2, 9 activity was assessed with ELISA kit. Data are presented as mean+SEM
(n=5). "P<0.05, as compared with control; "P<0.05, as compared with positive control (MIA alone treatment).

M= MMP-2, 97} Z7}8-9 1 HPL-04(10, 30, 100 mg/
kg)E 4537t Fo] & rhIL-1a(5 ng/mL)E 24323 T
A= MMP-2, 97} 7H438h= 2lo] Helnh &2 Ao A
HPL-047}F MIA®] ]3] 8 954 AR MMP-2, 9¢]
FHAEE B2rA7E Aoz A zdt(Fig. 4).

ZEISHN Ty}

i B Bl BN =)

2 Ao MIAR =g =3d 9ol HPL-047F vl
A= FFE Fe] fgte] THEd R 45 2 T
235 7 Agwe] FE9d HEE 948 AN Ete] 24
Ao s stk (Fig. 5). 7 A3 MIA 9 - HPL-04
Fol 4R EREY Fd e %"%i&@oﬂﬁ% ddd=

2AE BEE 2

1o,
i
&
o
i
jutal
1>
off
1o,

FoATd Ao A& = A 9 dA=9 ¥ A4
FAFSE AL gelst 4= IQlt) 3 safranin-O fast green
A& AAeke] proteoglycan®] oS &letlth. o
=9 AF ARE BES A7 Ao AEdES e
2 A ZFo] g% proteoglycan o] FH 3 A2
B oH MIA Fololl s ddFe sy v
o] Ak Aol BlslA proteoglycan®] A4do] B9kt
HPL-04 Fojitol A& a3 FASHA d&9] &40
3 55021 proteoglycan?] 2Ao] EAENSS &9
sk 2= o

st 4= AATHFig. 5). mHA Lo Z AAZ <l pathologic
finding scores® & w] MIA 0.5 mg/50 pL ©5 A& ++3}
HPL-04 Aol A 717} 15.80+0.507 10.40£0.40¢]
T2 7} gkt (Table 3). webA 2 A5 23 HPL-04+
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Fig. 5. Effect of HPL-04 on MIA-treated degenerative osteoarthritis. Histopathological (H&E and safranin-O stain) and micro-CT
(coronal and 3D analyses) evaluation of MIA-injected knee joint. MIA-treated cartilages represent severely damaged cartilage showing
marked cartilage loss, fibrillation and the depletion of proteoglycan (H&E and safranin-O stain). Micro-CT of MIA-treated knee
joint shows a severely damaged joint with rough edges around the tibia and femur, indicative of bone lysis, swelling and tendency
of patellar displacement. However, these damages were reduced significantly by treatment with 100 mg/kg HPL-04. Scale bar:
200 pm.

MIA®l o3 friegl E¥d Aol proteoglycan®] A& o F
Edozx g HHAS Szl Ed 29t dE A
o= Atz g WAd 8212 80% ool &l AT A
Ao, 25%0 A= A Faoe JeFSs v gl
SAZF T} HgAd BEgde BEATAZS} AFE 9 71 E7ke] FeF,
Micro-CT S dd J/deolA H& 9 953 VOIo AsletA | ExpA g]a AgstE Mkl Bskar oakA
A B ZAT AR gE dis] MIA ¥ Fo7t ¥ HPL- o2 A-E, 45, 244 A W nEE 9T 5L
4 fFolte] £3d S vastgls W BV, BV/TV, Th.Th 5402 Sh(17). HPL-040] A4 B2 Hi-& 248l 8
FAE MIA ©5 Fofitox F7kste slo] ##E AL &9 9 42 2= saponin, phenolic Wi A 59 43
Tb.N3} Tb.Sp #2 Hadhes A4S HA o, MIA F9 o] &d&x glom ALEY AR 7Fed kalopanaxsaponin

% HPL-4 Fojato| A= BV, BV/TV, Th.Th &2 & A% A7} EElE Qo Fulel A #ddel JA gt Aok
ol ZPA ZFaA R oW Thb.NI Th.Sp ke Aol At ATH18). s E 29E, E2E, VNS
TMA A5 SV A THEig. 6). ATH R FATE ¥ ol dEA Jdeom Tt = SlEdE A EY AR
L EA A3 HPL-04 FoJ & MIAC 93 fid 2= Ty Ay X5 g ARSI ATR18). AA
o] o8] A WEE AATE AR AR ol A FAAd B Fxpol| Al o] 7EA] g EEo]
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Table 3. Summary of microscopic findings

MIA
Vehicle HPL-4 (100 mg/kg)
Structural changes in the joint
Surface irregularities
+ 0/5 3/5
++ 0/5 1/5
+++ 5/5 1/5
Average pathology score 3 1.6
Fibrillation of cartilage surface
+ 0/5 1/5
++ 1/5 1/5
+++ 4/5 3/5
Average pathology score 2.8 24
Disorganization of chondrocytes
+ 1/5 3/5
++ 2/5 2/5
+++ 2/5 0/5
Average pathology score 2.2 1.4
Exposure of subchondral bone
+ 1/5 4/5
++ 1/5 1/5
+++ 2/5 0/5
Average pathology score 1.8 1.2
Degeneration/necrosis
+ 0/5 2/5
++ 0/5 1/5
+++ 5/5 2/5
Average pathology score 3 2
Safranin-O staining
Reduction of staining in cartilage
+ 0/5 1/5
++ 0/5 4/5
4+ 5/5 0/5
Average pathology score 3 1.8
Total pathology score (average+SE) 15.80+0.50 10.40£0.40"

+: mild, ++: moderate, +++: severe.
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Fig. 6. Plots of morphometric parameters of subchondral trabecular
bone determined by micro-CT. BV, bone volume; BV/TV, bone
volume fraction; Tb.Th, trabecular thickness; Tb.N, trabecular num-
ber; Tb.Sp, travecular spasing. Data are presented as meantSEM
(n=5). "P<0.05, as compared with control; "P<0.05, as compared
with positive control (MIA alone treatment).
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