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I . Introduction

Osteoarthritis(OA) is a joint degenerative disease
caused by joint overuse, obesity, aging, gender, and
cartilage gene mutations’. Resorption of cartilage is
preceded by an initial excessive synthesis of extra-
cellular matrix and failure of repair processes induced
by an imbalance between cytokine-mediated anabolic
and catabolic processesw. Disruption of the balanced
network of cytokines/growth factors that normally
maintains cartilage metabolism is thought to induce
breakdown of extracellular matrix”’.

Interleukin-18(IL-18) plays a major role in joint
disease, causing overproduction of catabolic activity
such as prostaglandin E2, reactive oxygen species
(ROS), nitricoxide, and metalloproteinases, which all
Metallopro—

teinases of 2 families seem to play major roles in

contribute to the degenerative process4).

cartilage breakdown. These families are 1) aggreca-
nases, which play pathological roles at an early
stage of disease, especially degrading the proteo-
glycan which is a major component of cartilage,
and 2) matrix metalloproteinases(MMPs) that cleave
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the aggrecan core protein and are responsible for
late stage degradation of both proteoglycan and the
The inhibition of metallopro-
teinases including aggrecanases and MMVPs represent

collagen network ™.

very attractive targets for the development of
therapeutics that could alter the progression of OA.
The anabolic activity of chondrocytes is sustained
by growth factors such as transforming growth
factor-B(TGF-B), insulin-like growth factor-1(IGF-I),
fibroblast growth factor-2(FGF-2) and bone mor-
phogenetic proteins(BMP). TGF- signaling starts
with binding of TGF-8 to TGF-B-RII(Tb-RID, a
7 TGF-
B has been shown to regulate TGF-B-induced gene

constitutively active serine/threonine kinase™

expression by activating mitogen—activated protein
kinases(MAPKSs) such as ¢—Jun NH2-terminal kinase
(JNK) and p38 MAPK pathways as well as the
ERK1/2 pathway® "

JNK and p38 kinase activation processes are as-

. Several studies indicate that

sociated with apoptosis, whereas ERK activation is
coupled with cell survival. Therefore, coordinated
activation and interactions between ERK and p38
MAP kinase allow cells to respond to various
genotoxic and survival factors by affecting a
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number of downstream targetsu’w.

OAHIIT is an extract from the mixture of two
oriental herbs, Aralia cordata Thunb and Cimicifiga
heracleiolia, which has been used for treating art-
hritis in Oriental medicine. Aralia cordata has been
used to treat arthritis and low back pain. In an in
vitro study, it has been reported that Aralia cordata
inhibited COX-2 dependent PGEZ2 generation and
showed effectiveness regarding analgesia, hypother-
mia, and duration of pentobarbital induced anesthe-
sia®™”. In our previous /n witro and in vivo study,
Aralia cordata inhibited the cartilage and chond-
rocyte destruction through the down-regulation of
MMP activities and the inhibition of proteoglycan

1518 The rhizoma of Cimi-

and collagen degradation
cifiiga species have been widely used as an antipy—
retic, analgesic, andanti-inflammatory drug in Orien—
tal medicine. In the present study, the author
investigated whether if OAHI9T has cartilage pro-
tective effects and if that is more efficient than the
single herb Aralia cordata Thunb which has known
cartilage protective effects, by comparing OAH19T

with other OA drugs in OA chondrocytes.

II. Materials and methods
1. Preparation of OAH19T extract and
standardization

The Aralia cordata Thunb and Cimicifiiga hera-

0.

cleiblia was purchased from a herbal supplier in
Seoul(Korea), and the voucher specimen was deposited
at the herbarium of the Pharmacy of Oriental
medicine of Kyung Hee Medical Center, Kyung Hee
University(Seoul, Korea). The material was authen-
ticated by Professor Kim Nam Jae, Pharmacy of
Oriental medicine at Kyung Hee Medical Center,
Kyung Hee University. Two hundred grams of
Aralia cordata Thunb and one hundred gram of
Cimicifiiga heracleifolia(2 - 1) was extracted with 50%
(v/v) ethanol-water at 60°C for 8h. The extracted
solution was filtered and evaporated in vacuo(OAH-
19T, vyield 187%), and the residue was partitioned
between mbutanol and water. The mbutanol layer
was evaporated and lyophilized for a complete
removal of the residual solvent to yield dark-brown
powder(OAHI9B, yield 6.1%). The extract was then
filtered with 3MM paper, and ethanol was removed
by vacuum rotary evaporation(Eyela, Japan). The
concentrate was freeze-dried and its yield was 12.5%.
OAHI19T was standardized based on the contents of
berberine determined using A Waters-600S controller
HPLC instrument(Waters Corporation, MA, USA),
equipped with a 626 pump, an in-Line degasser AF,
a 717 plus auto-sampler and a Waters 996 photo—
diode array detector(DAD), was used at room
temperature. A linear gradient elution of solvent A
(ultra—pure water contains 0.1% formic acid, 2mM
ammonium acetate) and solvent B(acetonitrile) was
applied with the following program. A; 0~20 min,
10~35% B; 20~35min, 35~50% B; 35~45min, 50~
85%. Pimaradianoic acid (a) and ferulic acid (b)
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Fig. 1. Representative HPLC chromatogram of pimaradianoic acid, ferulic acid and extracts of OAH19T

at the wavelength of 213nm

Pimaradianoic acid (a) and ferulic acid (b) was detected at round 45min and 55min in this system.
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was detected at round 45min and 5omin in this
system(Fig. 1).

2. Preparation of chondrocytes from
human osteoarthritic cartilage

Discarded knee cartilage was procured from OA
patients(seven samples of hip cartilage) at the time
of total joint replacement surgery with the approval
of the Institutional Review Board of Hospitals of
Kyung Hee University. OA chondrocytes were pre-
pared from macroscopically normal cartilage samples
by enzymatic digestion essentially as previously
described ™, and the viability of the isolated chon-
drocytes, determined by Trypan blue exclusion assay,
was approximately 80%. Isolated chondrocytes were
plated at a density of 1 x 106/ml in 60mm tissue
culture dishes in Ham's F-12: DMEM(1 : 1), supple-
mented with L-glutamine, penicillin-streptomycin,
and 10% FBS(completemedium) and allowed to
adhere to the tissue culture plates for 72h at 37C
with 5% CO; and 95% air. In some experiments,
single passaged chondrocytes were also used.

3. Treatment of chondrocytes with -
18 and OAH19T

OA chondrocytes(1 x 106/ml) were plated in six
well plates in complete medium and incubated for
72h at 37C with 5% COy and 95% air. OA
chondrocytes were then serum-starved overnight
and then the medium was replaced with fresh
medium containing recombinant human IL-1b(5ng/ml)
or medium with IL-13 + OAHI19T or CEL and other
samples. OA chondrocytes were incubated for 18h
at 37C with 5% CO; and 9% O, Controls
consisted of OA chondrocytes incubated without
OAHI9T or CEL and other samples included in the
medium.
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4. Glycosaminoglycan(GAG) degradation
assay

GAG levels in the culture medium(at 7days from
onset of culture) were determined by the amount of
polyanionic material reacting with 1, 9-dimethylme-
thylene blue. 20ml samples were mixed with 100ml
DMB reagents(48mg/ml DMB, 40mM glycine, 40mM
NaCl, 10mM HCl, pH 3.0) for 30 min at room
temperature, and quantified spectro-photometrically
in absorbance at 590nm(Spectramax, Molecular De-
vices, Sunnyvale, CA, USA). All measurements
were performed in quadruplicate of three indepe-
ndent experiments using OA chondrocytes. Quanti-
fication was performed using a standard curve of
chondroitin 6-sulfate from shark cartilage(Sigma) in
the range of 0~35mg/ml.

5. Gene expression of reverse
transcriptase—polymerase chain
reaction(RT-PCR)

Chondrocytes was harvested and lysed with
Trizol® reagent(Invitrogen Corporation, CA, USA),
and then centrifuged at 12,000rpm for 10min at 4°C.
Reverse transcription of Img of total RNA was
carried out for 60min at 42°C and then 15min at
72°C, using the system for RT-PCR(TaKaRa Biote-
chnology, Seoul, Korea), which contained RT buffer,
oligo(dT) 12-mer, 10mM dNTP, 0.IM dithiothreitol,
reverse transcriptase, and RNase inhibitor. PCR using
specific primers for each cDNA was carried out in
a PCR reaction volume of 20mL(as supplied by
TaKaRa, Korea), supplemented with 2.5units of
TaKaRa TaqIM 1.5mM each dNTP, 1 x PCR buffer,
and 20 pmol of each primer. Amplification reactions
were performed by using MMP-1, MMP-3, ag-
grecan, aggrecanase-1 and aggrecanase-2 primers.
The oligonucleotide used for PCR studies are
described in Fig. 1. An equal volume from each
PCR was analyzed by 15% agarose gel electrop-
horesis, and ethidium bromide-stained PCR products
were evaluated. Marker gene expression was nor-
malized to GAPDH expression in each sample.
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Signal intensity was quantified with the Gel Doc
EQ(BIO-RAD Laboratories, Milan, Italy).

6. Enzyme-linked immunosorbent assay

The levels of MMP-1, MMP-3, TGF-8, and
TGF-BRII were measured by human enzyme-linked
immunosorbent assay(ELISA) kits(R&D System Inc,
MN, USA) respectively, according to the manufac-
turer's instructions. The conditioned media were
collected on 2ldays, centrifuged at 1500rpm for
5min in order to remove cell debris, and then stored
at -70°C until use. For each sample, MMP-1,
MMP -3, TGF-8, and TGF-BRII level were mea-
sured.

Conditioned medium from onset of chondrocytes
culture was incubated(in the presence of 1% w/v
BSA in PBS/Tween 20(0.05% v/v)) for 2h at 25°C
on a 96-well plate(Biosource) containing a mono-
clonal antibody that recognizes KS chains and
according to the manufacturer, is not impacted by
other non-KS glycosaminoglycans, including hyaluronic
acid, chondroitin sulfate, and heparin sulfate. Frag—
ments containing ARGSVIL neoepitope were detected
using biotinylated mAb OA-1(PIERCE, IL, USA).
Levels of bound biotinylated mAb OA-1 were
detected using lpg/ml streptavidin-HRP and TMB
as substrate. Absorbance readings following acidi—
fication were determined in a microplate reader at a
wavelength of 450nm. Calibration curves for standard
ARGSVIL peptide were run in parallel, and the
amounts of ARGSVIL peptide produced in hydro—
lytic reactions were calculated from the calibration

curves.

7. Western blot analysis

OA chondrocyte lysate was prepared on ice in a
lysis buffer(Invitrogen, Carlsbad, CA, USA). The
proteins(10pg/lane) were size-fractionated by 10%
SDS-polyacylamide gel(Invitrogen) electrophoresis

under reducing conditions, and transferred onto
Hybond-C nitrocellulose membranes(Amersham Bio-
sciences, NJ, USA). For the detection of phospho-
rylation of ERK, JNK and p38-MAPK and non-
phosphorylation state-specific, polyclonal antibodies
(Cell Signaling Technologies, MA, USA) were used.
Membranes were blocked with 5% non-fat dried
milk in Tris-buffered saline containing 0.05% Tween-
20(TBST). Primary antibodies were diluted in
TBST and incubated with the blots for 12h at 4C,
washed with fresh TBST and incubated with a 1:
3,000 dilution of horseradish peroxidase(HRP) con-
jugated anti-mouse or anti-rabbit IgG(Sigma-Aldrich
Co, MO, USA) in blocking buffer for 1h at room
temperature. After washing, the protein bands were
visualized with the ECL kit(Amersham Biosciences,
NJ, USA) and Kodak Bio-Max film.

8. Measurement of cell viability

Cell viability measurement was performed in 96—
well plates. Chondrocytes were plated at 2 x 104
cells/well in 96-well plate containing 1001 of medium.
After 18h, the cells were treated with different
concentrations(0~1,000ug/ml) of test samples in the
presence or absence of IL-18 and TGF-BRII in a
volume of 100ul. After 72h incubation at 37C, 10ul
of BrdU were added to each well, and the samples
were incubated for a further 6h at 37°C. Cells were
fixed, anti-BrdU-POD was added, and then dete-
ction was performed by the TMB substrate reaction.
The reaction product was quantified by ELISA
reader at 480~650mm.

9. Statistical analysis

Results are expressed as means+S.D. Statistical
significance was determined using one way analysis
of variance(ANOVA) followed by Dunnett's post-
hoc test. p-values less than 0.05 were considered
statistically significant.
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[[[_ Results strate the inhibition of GAG degradation in human
osteoarthritic chondrocytes in order to compare the

efficacy of cartilage protection of Aralia cordata
1. Effect of OAH19T on GAG degrad- Thunb, Cimicifiga heracleiolia, andmixture of Aralia

ation of IL-1B stimulated human cordata Thunb and Cimicifiga heracleiolif OAH19T).
osteoarthritic chondrocytes Aralia cordata Thunb, Cimicifiiga heracleifolia, and
OAHI9T in doses ranging from 40 to 200upg/ml

An initial experiment was performed to demon-— showed dose-dependent inhibition of GAG degradation.
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Fig. 2. Effect of OAH19T on GAG degradation in IL-183 stimulated human osteoarthritic chondrocytes

A GAG degradation of Aralia cordata Thunb, Cimicifigaheracleifolia, andOAHI9T is shown as a percentage of the
cumulative release of chondrocytes.

B : Comparative effect of OAHIIT with OAHI9B or joins(ETCP) or celecoxib(CEL) on IL-1B-stimulated GAG
degradation of chondrocytes. Values are mean+SEM. *x : p<0.01 and *** : p<0.001 compared with IL-18.
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Fig. 3. Effects of OAH19T on the level of matrix proteinases of IL-13 stimulated human
osteoarthritic chondrocytes

A © The level of MMP-1 was determined by RT-PCR and ELISA assay.
B : The level of MMP-3 was determined by RT-PCR and ELISA assay. These experiments were repeated
twice with similar results. ## : p<0.01, ## : p<0.001 compared with control, *** : p<0.001 comparedwithIL-1.
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Aralia cordata Thunb, Cimicifiiga heracleiolia, and
OAHII9T showed inhibition of GAG degradation in
dose-dependent manners, and OAHI9T showed
superior effect compared to single herbs(Fig. 2A).
Another experiment was performed to compare the
efficacy of cartilage protection of OAHI9T with a
butanol fraction(OAH19B), Joins(ETCP) or Celebrex
(CEL) on IL-1B-stimulated GAG degradation of
chondrocytes. ETCP and CEL showed mild dose-
dpendt inhibiion,. whereas QAHIIT ad OAHIB showed
marked inhibition on IL-1B-stimulated GAG
degradation of chondrocytes(Fig. 2B). The results
of OAHI9T and OAH19B were almost the same(Fig.
2B).

A
1L-1 - * + + *
OAH1ST -+ 40 100 200 (ngiml)

Aggrecanase-1

2. Effects of OAH19T on the level of
matrix proteinases in IL-18 stimulated
human osteoarthritic chondrocytes

In order to demonstrate the cartilage protective
effect on matrix proteinases, OAHI9T and CEL in
doses ranging from 40 to 200pg/ml were applied on
IL-1B stimulated human osteoarthritic chondrocytes,
and then RT-PCR and ELISA were performed. The
results of RT-PCR showed that osteoarthritic chond-
rocytes stimulated with IL-18 alone had increased
the expression of MMP-1 compared to control, while
the expression of MMP-1 decreased when co-treated
with OAH19T or CEL. The results of ELISA showed
that osteoarthritic chondrocytes stimulated with IL-
1B alone had increased levels of MMP-1 compared
to control, while the levels of MMP-1 were decre-
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Fig. 4. Effect of OAH19T on the level of aggrecan and aggrecanases of IL-13 stimulated human

osteo— arthritic chondrocytes

A and B : The gene expression of aggrecan, aggre- canase-1 and aggrecanase-2 was determined by RT-PCR.
C : The level of aggrecanase was estimated by OA-1 sandwich ELISA. Conditioned medium from chondrocyte
culture was digested with hyaluronidase, chondroitinase ABC, and evaluated in the OA-1 mAb sandwich

ELISA.

### 1 p<0.001 compared with control, * : p<0.05 and *** @ p<0.001 compared with IL-18.
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ased when co-treated with OAHI9T or CEL in
dose-dependent manners(Fig. 3A). The levels of
MMP-3 also significantly increased when stimulated
with IL-183, but the levels were markedly decreased
when co-treated with OAHI9T nearly under the
level of controls in dose-dependent manners. On the
contrary, there were no significant differences bet-
ween control and IL-18 and CEL co-treatment groups
(Fig. 3B). The inhibition of MMP-1 by OAHI9T
was similar to that by CEL, but inhibition of
MMP-3 by OAHI9T was superior to that by CEL.

3. Effect of OAH19T on the levels of
aggrecan and aggrecanases in
IL-18 stimulated human osteoarthritic
chondrocytes

In order to demonstrate that the cartilage protec-
tive effect by inhibiting aggrecan breakdown through

(A)
600+ = OAH19T
 CEL

E
3 400
X
=
'-0'- 2004
'_

04

control IL-1B 40 100 200

(ng/mi)
600+
(B)
E 4004
=
=
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= smz s
0
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inhibiting activity of aggrecanases, we performed RT-
PCR to determine the gene expression of aggrecan,
aggrecanase-1 and aggrecanase-2, and ELISA to
estimate the levels of aggrecanases. The results of
RT-PCR showed that osteoarthritic chondrocytes
stimulated with IL-18 alone had increased the
intensity of the bands of aggrecanase-1 and 2
compared to controls, while the both bands became
dim when co-treated with OAHI19T(Fig. 4A). On
the contrary, when co-treated with CEL, only the
expression of aggrecanase—2 slightly decreased, and
the expression of aggrecanase-1 was not inhibited
on IL-1B stimulated human osteoarthritic chond-
rocytes(Fig. 4B). The result of ELISA showed that
the levels of ggrecanases were almost undetectable
in the culture medium, while significant increases
were seen on aggrecanases activity in cartilage
explants culture with IL-1B-induced inflammation.
OAHI9T in doses from 40 to 200ug/ml showed
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. CEL
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Fig. 5. Effect of OAH19T on the levels of TGF-8 and TGF-8 receptor II in IL-1B-stimulated human

osteoarthritic chondrocytes

The levels of TGF-B1, TGF-B2 and TGF- receptor II were estimated by ELISA assay.
## . p<0.001 compared with control, * : p<0.05 and *** : p<0.001 compared with IL-10.
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Fig. 6. OAH19T inhibits IL-13 stimulated chondrocytes degradation through MAPK pathways in

human osteoarthritic chondrocytes

A : Effect of OAH19Tbyco-treatmentwithIL-1B-receptor inhibitor (IL-18R) on the expression of pERK, pJNK
and pp38 MAPK proteins in IL-1B3-stimulated chondrocytes.
B : Effect of OAHIIT on the viability of IL-1B-stimulated human osteoarthritic chondrocytes.

k%

p<0.001; IL-1B (+) treated OAHIIT group compared with IL-18 (=) treated OAHI9T group. “p<0.001 :

TGF-BR+IL-18 treated OAHIIT group compared with IL-1B (+) treated OAHI9T group. bp<0.001 . TGF-B
R+IL-1B treated CEL group compared with IL-13 (+) treated CEL group.

marked reduction of activity of aggrecanases in a
dose-dependent manner, while CEL rarely inhibited
aggrecanases activity(Fig. 4C). Notably, the reduction
of aggrecanases by OAHI9T was superior to the
effect by CEL(Fig. 4C).

4. Effect of OAH19T on the level of
TGF-B and TGF-8 receptor Il in
IL—1B3-stimulated human osteoarthritic
chondrocytes

TGF-B play a crucial role in cartilage home-
ostasis, and therefore it was necessary to determine
the effects of OAHI19T on the expression of TGF-
B and its receptor II. The results of ELISA showed
that osteoarthritic chondrocytes stimulated with
IL-1B alone had increased the levels of TGF-£1
compared to controls, while the levels of TGF-£1
were significantly decreased when co-treated with
OAHI9T in a dose-dependent manner(Fig. 5A). The

levels of TGF-B2 and TGF-B receptor II(Th-RII)
were markedly decreased in the presence of IL-1[,
but were increased in a dose-dependent manner with
OAHI9T in doses ranging from 40 to 200ug/ml the
levels of TGF-B and Tb-RII, while CEL rarely
influenced the levels(Fig. 5).

5. OAH19T inhibits IL-13 stimulated
chondrocyte degradation through
MAPK pathways in human osteoar—-
thritic chondrocytes

To determine whether the preceding effects could
be associated with modulation of downstream path-
ways following IL-18 receptor occupation, the author
analyzed the activation state of MAP kinases(ERK,
JNK, p38 kinase). The result showed that ERK,
JNK and p38-MAPK were phosphorylated in osteo-
arthritic chondrocytes stimulated with IL-18 in
vitro, phosphorylation of ERK and p38-MAPK were
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markedly inhibited in the presence of OAHI19T, and
JNK was rarely inhibited(Fig. 6A).

The author next examined the effect of OAHI9T
on the viability of human osteoarthritic chondrocytes
in order to determine its cytotoxicity. OAHI9T alone
has not shown cytotoxicity even in high doses,
whereas CEL alone has shown cytotoxicity of human
osteoarthritic chondrocyte. OAHI9T co-treated with
IL-18 inhibited the proliferation of human osteoar-
thritic chondrocytes compared to the control group
(Fig. 6B). These results present that OAH19T rarely
has cytotoxicity even in high doses and inhibits the
cytotxicity in IL-1B3-stimulated human osteoarthritic
chondrocyte(Fig. 6B).

IV. Discussions

In the present study, the author evaluated the
effects of OAHI19T on cartilage protection in human
osteoarthritis chondrocytes. The present study shows
that the crude extract of OAH19T can modulate the
metabolism and pathological dysfunction of extracel-
lular matrix, and that the efficacy of OAHI19T was
superior to that of a COX-2 inhibitor, Celebrex.

OAHI19T, a new herbal agent, is a mixture of 2
Oriental medicinal herbs. A problem in using natural
herbal material is the difficulty in standardization of
efficacy, which is partly due to factors such as
differences in region of origin, harvest period, and
time cultivated. Therefore, the author analyzed the
major components in order to set a standard for
use of OAHIIT in practice and in medicine de-
velopment(Fig. 1).

Aggrecanase-1 and -2 have been identified as
the known enzymes that are most efficiently capable
of cleaving aggrecanlg’m) by modulating cartilage

19,2 .
90 mice, aggre-

turnover in articular cartilage
canase—2(butnotaggrecanase-1) is responsible for
disease progression in a surgically-induced model of
0A®A, However, questions remain regarding the
relative contribution of aggrecanase-1 and ag-

grecanase—2 in human disease ) Matrix metallo-
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proteinases(MMPs) are a large group of enzymes
that play a crucial role in tissue remodeling as well
as in the destruction of cartilage and bone in an
arthritic joint due to their ability to degrade a wide
variety of extracellular matrix componentsz?’ %) Among
the various MMPs, MMP-1 is mainly synthesized
by chondrocytes or fibroblasts in connective tissues
and is the most abundant member of the MMP-
family, which plays an important role in the breakage
of cartilage collagen%. MMP-3 is capable of clea-
ving the aggrecan core protein as well as type II
collagen in cartilage%). Studies have documented
that in arthritic joints, degradation of type II col-
lagen is excessive due to increased cleavage by
MMPZ2

Matrix proteinases cause irreversible cartilage

22 Therefore, modulating the catabolic

damage
factors and anabolic factors would be reasonable
therapeutic targets for the treatment of osteoar-
thritis. Especially, aggrecanase-1 is commonly detected
in the joint fluids in rheumatoid arthritis and osteo-
arthritis and expressed by the chondrocytes in
diseased cartilages, suggesting that aggrecanase-1
plays an important role in the cartilage destruction
in such joint diseases”. Previousstudies suggested
that MMP-1 and MMP-3 are responsible for the
release of proteoglycan and collagen:ﬂ"'ﬂ).

OAHI19T markedly prevents GAG release, which
is associated with the down-regulation of catabolic
factors including aggrecanase-1, aggrecanase—2, MMP-
1 and MMP-3 in IL-1B-treated human osteoar—
thritis chondrocytes. It also modulates the anabolic
growth factors, increases TGF-B2 and Thb-RII level,
and decreases TGF-31 without cytotoxicity in IL-1
B-treated human osteoarthritis chondrocytes. Surpri-
singly, OAHI19T has a more marked effective on
cartilage protection than single herbs or existing
medicines(ETCP and CEL) on IL-1B-stimulated
GAG degradation of chondrocytes.

Also, the erosion of cartilage in OA is associated
with a progressive alteration of the TGF-[3 system,
including reduced expression of TGF-{ isoforms
and receptors(mainly Th-RID™*. This process could
be caused by enhanced IL-1 expression in OA,
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since one in vitro study showed that the cytokine
exerts inhibitory effects on the TGF-§3 system‘w.
TGF-B is a multifunctional cytokine involved in
crucial biological processes such as development,
extracellular matrix synthesis, cell proliferation/
differentiation, and tissue repair%). TGEF-B exerts
opposite effects on cartilage protection from inter-
leukin—18 on cultured rabbit articular chondrocytesG).
Injection of TGF-B in naive murine knee joints
results in an increase in proteoglycan synthesis and
proteoglycan content of articular cartilage™. More-
over, intra-articular injection of TGF- during
experimental arthritis resulted in protection from
proteoglycan loss™. In addition, effectsof IL-1, such
as inhibition of cartilage proteoglycan synthesis and
release of cartilage proteoglycan content, could be
blocked by local application of TGF—B37'38>. This
demonstrates that TGF-8 is able to counteract the
deleterious effects of IL-1, a cytokine considered as
a key mediator during erosive joint diseases.

The present results show for the first time that
OAHI9T can prevent the reduction of TGF-32 ex-
pression and particularly that of Th-RII. Together,
these data suggest that OAHI9T could contribute
to the anabolic activity of chondrocytes and main-
tain their homeostasis, and may also be of potential
benefit in the treatment of both degenerative and
inflammatory joint diseases.

MAPKSs are the family of kinases that transduce
signals from the cell membrane to the nucleus in
response to a wide range of stimuli, including
%40 MAPKs are serine/threonine kinases that,

upon stimulation, phosphorylate their specific subs-

stress

trates at serine and/or threonine residues. Such
phosphorylation events can either positively or
negatively regulate substrate, and thus the entire
signaling cascade activity. Thus, the MAPK sign—
aling pathways modulate gene expression, mitosis,
proliferation, motility, metabolism, and programmed
death ‘apoptosis™*

The author searched for the signaling pathways
that could be responsible for the effects of OAH19T
on gene expression. Exposing chondrocytes to the

pro-inflammatory cytokine IL-18 in monolayer culture

led to phenotypical dedifferentiation, finally resulting
in apoptosis cell death. Indeed a set of catabolic
cytokines, including IL-18 and TNF-a, are known
to play an essential role in the pathogenesis of
OA™. The results of the present study suggest that
OAHI9T inhibited the gene expression of MMPs
and aggrecanases by suppressing the phosphory-
lation of extracellular signal-regulated kinases(Erkl/
Erk2) and p38kinase, without significantly altering
the phophorylation of JNK. These kinases are known
to regulate MMP expression46).

For this reason, inhibiting the modulation of
MAPK may be an important target for selective
inhibition of the IL-1B-induced catabolic events in
OA chondrocytes. Recently, several investigators
also have reported on the beneficial effects of
various growth factors such as FGF-2, IGF-1 and
TGF-B on chondrogenic differentiation” ™. The re-
sults of the present study strongly support that
OAHI9T shows a cartilage protective effect which
works by modulating catabolic cytokine/growth fac-
tor through the regulation of MAPK pathway.

Although inhibited phophorylation of ERK was
observed in IL-183 stimulated chondrocytes treated
with OAHI9T, this did not have any effect on the
viability in IL-18 non-stimulated OA chondrocytes.
This suggests that OAHI19T exerts its chondropro—
tective effects by inhibiting the dedifferentiation of
OA chondrocytes. The present results also showed
that OAHI9T had an inhibitory effect on the IL-1[3
stimulated phosphorylation of p38 MARK. This
indicates that p38 MAPK may be associated with
chondroprotective effects by inhibiting the apoptosis
of OA chondrocytes. Taken together, this suggests
that the chondroprotective effect of OAHIIT is medi-
ated by inhibiting pERK and p38 MAPK cascade.

In summary, the results demonstrate that OAHI9T
may be an effective therapeutic agent for inhibiting
IL-1B-induced cartilage degradation in joint diseases
by modulating the expression of cartilage-specific
matrix proteins, TGF-8, and Tb-RI. And the
effect against cartilage destruction is more potent
than that of the specific COX-2 inhibitor in OA
chondrocytes.
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V. Conclusions

The author performed experiments on osteoarthritic
chondrocyte separated from OA patients using
OAHI9T, and the results are as follows.

1. Suppression of glycosaminoglycan(GAG) degra-
dation was measured in cultured osteoarthritic
chondrocytes after IL-8 stimulation. In low
doses, OAHI19T showed significantly superior
suppression compared to Aralia cordata Thunb,
Cimicifiiga heracleitolia, CEL or Joins, and similar
suppression compared to butanol-fractionated
OAH19B.

2. OAHI19T suppressed IL-18 activation of both
MMP-1 and 3, while CEL suppressed only
MMP-1.

3. OAHIIT induced IL-18 mediated aggrecan
damage recovery through suppression of ag—
grecanase 1 and 2. CEL did not cause aggrecan
recovery.

4. IL-18 suppressed TGF-BII and TGF-£ rece-
ptor II expression, and OAHI19T reversed this
suppressive effect, showing that it has anabolic
modulating effects. CEL did not show such
effects on growth factor.

5. OAH19T suppressed IL-18 mediated pERK
and pp38 kinase activation, while not sup-
pressing pJNK activation. OAHI9T did not
have cytotoxicity on chodrocytes and only
suppressed IL-18 induced cell proliferation.

These results show that OAHI19T produces its
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