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— Abstract )

Background & Objective : Articular cartilage is a potential target for drugs designed to inhibit
the activity of matrix metalloproteinases (MMPs) to stop or slow the destruction of the proteoglycan
and collagen in the cartilage extracellular matrix. The purpose of this study was to investigate the
effects of Aralia cordata Thunb. in inhibiting the release of glycosaminoglycan (GAG), the degradation
of collagen, and MMP activity in rabbit articular cartilage explants.

Methods : The cartilageprotective effects of Aralia cordata Thunb. were evaluated by using
glycosarminoglycan degradation assay, collagen degradation assay, colorimetric analysis of MMP
activity, measurement of lactate dehydrogenase activity and histological analysis in rabbit cartilage
explants culture.

Results : Interleukin-la (IL-1a) repidly induced GAG, but collagen was mmuch less readily released
from cartilage explants. Aralia cordata Thunb. significantly inhibited GAG and collagen release in a
concentration—dependent manner. Aralia cordata Thunb. dose-dependently inhibited MMP-3 and
MMP-13 expression and activiies from I[L-la-treated -cartilage explants cultures when tested at
ooncentrauonsrangmgﬁ‘omOOth)Ong/ml Aralia cordata Thunb. had no harmful “effect on
chondrocytes vnablhty or cartilage morphology in cartilage explants. Histological analysis indicated that
Aralia cordata Thunb, reduced the degradation of the cartilage matrix compared with that of
IL-1a-treated cartilage explants.
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Conclusion : These results indicate that Aralia cordata Thunb. inhibits the degradation of proteoglycan
and collagen through the downregulation of MMP-3 and MMP-13 activities without affecting the viability
or morphology of IL—la~stimulated rabbit articular cartilage explants.
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I. Introduction

Osteoarthritis (OA) is a degenerative joint
disease characterized by progressive loss of
articular cartilage, subchondral bond remodeling,
spur formation,synovial inflammation, and in
particular, the degradation of proteoglycan and
collagen. The integrity of these macromolecules is
vital to cartilage and joint function".

Proteoglycan is a component of the articular
cartilage extracellular matrix, providing it with
many of its characteristic physicochemical
pmpelties”. The carbohydrate component of
aggrecan, which constitutes at least 90% of its
molecular mass, consists of many long keratin
sulfate, chondroitin sulfate, and
glycosaminoglycan (GAG) chains covalently
linked to a core protein’. Thus, the importance
of these proteoglycans is clear. However,
neither their specific role nor the mechanisms
regulating their synthesis are fully understood.

Collagen is another component of the
articular cartilage, which consists primarily of
type I wﬂagm4). Itplays a role in maintaining
the integrity of the cartilage matrix and allows
moteoglycan to ‘be -held in the mauiXS). There
iscircumstantial in vitro ‘and in vivo evidence
indicating a significant role for matrix
rretallop‘}'otelnases (MMPs) in cartilage
destruction in arthritis®,

MMPs can be classified into- . four

subgroups:collagenases * “(MMP-1, -8, - -13);

stromyelins., (MMP-3, <10, -11), gelatinases
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(MMP-2, -9), and membrane-type MMPs’.
MMP-3 1s capable of cleaving the aggrecan
core protein, as well as type II collagen (in
the amino-terminal telopeptide)’ in vitro, but it
is not clear if it is involved in the degradation
of these proteins in cartilagesfg). MMP-13 is
the most efficient collagenase Eagamst type 10
collagen, suggesting it hasan important role in
cartilage collagen turnover ® .

The root of Aralia cordata Thunb. has been
used in the treatrment of arthriis and low
back pain. It has been reported that several
compounds of Aralia cordata Thunb. inhibited
COX~2 dependent PGE2 generaﬁonm and were
significantly effective regarding analgesics,
hypothermia, duration of pentobarbital-induced
anesthesia™. But there is no report related
with the cartilage—protective effects of Aralia
cordata Thunb.

The present study there investigated the
cartilage—protective effects of Aralia cordata
Thunb, on rabbit articular cartilage. We also
characterized the mechanism of these
protective effects.

II. Materials and methods

1. Preparation of Aralia cordata

Thunb.

The root” of “Aralia ‘cordatd “Thunb. was
extracted at - room temperature;ln 70% (v/v)
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ethanolwater for 24 h. The extract was then
filtered and concentrated under low pressure
using a vacuum rotary evaporator (Eyela,
Japan). The remaining residue was lyophilized
in a freeze-drver, and stored at 20 C. The
powder was dissolved in dimethy! sulfoxide
(DMSQ) and diluted with Dulbecco’s modified
Eagle’'s medum (ODMEM) to  final
concentrations of total extract ranging from
002 to 0.2 mg/ml.

2. Cartilage explants culture

Articular cartilages were obtained from the
joints of five-week-old rabbits (Samtako
Biokorea Co., Korea). In bref, the articular
surfaces were surgically exposed under sterile
conditions; approximately 200-220 mg of
articular surface per joint was removed and
steeped in  complete medium (DMEM
supplemented with heat-inactivated 5% fetal
bovine serum [FBS] and 100 unit/ml of
penicillinstreptomycin  [Gibco BRL, Maryland,
USAJ). The samples were then rinsed several
times with complete medium and incubated for
12 days at 37 C in a humidified CO2/95% air
incubator to stabilize them. The complete
medium was replaced with : basal medium
(DMEM  supplemented with heat-inactivated
1% FBS, 10 mM HEPES, and 100 unit/ml
penicillinstreptomycin). Approximately 30 mg
of cartilage pieces were placed "in 48-well
plates and treated with various concentrations
of extract of Aralia cordata Thunb. After 1 h
of pretreatment, 5 ng/ml IL-1? .(R&D Systems,
Minneapolis, USA) was added to the culture
media, which were then incubated at 37 C for
a further 3 days The sugematants were
harv&ted 'and replaoed - with  fresh
incubated for a further 25 days, and 3, 7, 14,
and 28 days supematant were collected and

stored at 20 C until assayed.

3. Glycosaminoglycan degradation assay

Glycosaminoglycan levels in the culture
medium were determined by the amount of
polyanionic material reacting : with
1,9-dimethylmethylene  blue, wusing shark
chondroitin  sulfate as  thestandard. | Samples
were examined spectrophotometrica]hi{ at 540
nm  (Spectramax,  Molecular | Devices,
Surmyvale, CA, USA). The ercentage
recovery was calculated from the peak height
of the sample relative to that of the standard

4. Collagen degradation assay

Type U collagen levels in the culture
medium were determined using the Sircol
Collagen Assay (Biocolor Ltd., Valley Business
Center, Northern Ireland). Samplds were
reacted with Sirius red dye contalmng sulfonic
acid for 30 min at room temperature. The
reaction mixture measured optical density at
540 nm The percentage of recovery was
calculated from the peak height of the sample
relative to that of the standard.

5. Colorimetric anaIySIS of MMP
activity

The levels of MMP activity 'in the
conditioned media were evaluated using
anenzyme-linked  immunosorbent  assay
(ELISA) kit (Biomol Research Lab., Inc, PA,
USA)  according to the manufactmer’ S

s T

instructions. Bneﬂy, “MMP achvxty was
measured using -a tluopeptohde as: a
colorimetric ~ substrate . (Ac—Pm—Ileu—Gly—

[2- mercapfo 4= methyl pentamoyl]—
Leu;yGly-OC2HD), cleaved by
sm)myehn—l/MMP—B . and aémco]lagenase-ﬁ/

"MMP-13. To assess the proteolytic' acfmty,
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wof each sample was pipetted into 96 well
plates together with each enzyme, buffer, and
substrate. After 1 h of incubation at 37 C, the
samples were measured at 405 nm. For each
sample, MMP-3 and MMP-13 activities were
measured as a percentage of the MMPs in
that culture well.

6. Measurement of lactate dehydroge—
nase activity

As anindicator of cell wviability, the
cytoplasmic  enzyme lactate  dehydrogenase
(LDH) was measured in.the culture medium
An optimized LDH test (Promega Corp.,
Madison, WI, USA) was used to quantify
IDH activity in the medium of the cartilage
explants cultures.

7. Histology

Cartilage explants pieces were fixed in 10%
neutral formalin, dehydrated with graded
ethanol, embedded in paraffin, and sectioned
into 4 m slices. Sectioned- tissues were stained
with hematoxylin . and .eosin (H&E) for light
MiCIOSCopIC examination. To detect
proteoglycan and collagen in the cartilage,
duplicate sectlons were stained with Safranin
O and Masson'sTrichrome. The ‘number of
chondrocytes was measured in three identically
treated cartilage explants using a 200x lens.
Pathologist with no priar knowledge of " the
test reagents examined the stained slides.

8. Statistical analysis

The. resultswere expressed as  means
SD. calctﬂated;ﬁ‘om the :specified numbers of
detetrmwcxs.aﬁea&ausucally » significant
differences ; relative fo;ithe mﬁeated ~control
groupswerescalculated by Student’s one-tailed

‘;c%pmr,epl:ftézt@tg:ﬂﬁetam:yviﬂkp,.valuesf<.~:0.05 |
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were deemed statistically significant.

II. Results

1. Dose response and time course of
lL-1a-induced cartilage degradation
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Fig. 1. Dose response and time course
of IL-1a-induced rabbit cartilage explants
cultures. (A) GAG is shown as a
percentage of the cumulative release into
media treated with different concentrations
of interleukin—1a (IL=1a): for.-14 .days in
_rabbit _-cartilage explants. Media were
'replenlshed with fresh IL-1a once every 3
days. (B) -Collagen degradation is shown
as a percentage of .the cumulative release
into the, media of rabbit cartilage explants.
‘Bars show the * mean +SD of “three
expenments

#p <1008, *#p "< 001, and’++*p < 0,001" Versus
‘the ‘respective COI_ItI'OlS.
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In preliminary experiments to optimize the
conditions with which to  induceproteoglycan
and collagen degradation, rabbit articular
cartilage was cultured with 1, 25, 5, 10, or 20
ng/ml IL-1a for 14 days. These effects were
dose-dependent and 5 ng/ml IL-la was
required to consistently achievethe maximal
response. In experimental cultures of rabbit
cartilage treated with 5 ng/ml I.-1a, over 74%
of GAG had been released from the tissue
after 3 days of culture and about 75% after 14
days (Fig. 1A). In parallel experiments,
cartilage explants were cultured with various
concentrations of IL-la for 14 days. There
was little release of type I collagen from the
cartilage at any‘ concentration of IL-la for 3
days, after which there was a marked increase
in collagen release to about 75% by day 14 of
culture (Fig. 1B).

2. Effect of Aralia cordata Thunb. on
proteoglycan and collagen degradation

To study whether Aralia cordata Thunb.

affects proteoglycan and collagen degradation
in rabbit cartilage explants, rabbit cartilage
explants were cultured in the presence of 5
ng/ml IL-la for 28 days. Aralia cordata
Thunb. consistently reduced the
[L-la-mediated GAG release into the culture
medium until 14 days (Fig. 2). Norelease of
collagen into the culture medium was observed
from explants treated with IL-1a alone until 7
days. After 14 days, Aralia cordata Thunb.
markedly reduced collagen degradation relative
to that in the IL-la-treated cultures, and
significantly reduced until 28 days (Fig. 2).
Moreover, Aralia cordata Thunb.
dose-dependently reduced IL-la-mediated GAG
and collagenn release intothe culture medium
(Fig. 3). Aralia cordata Thunb. significantly
reduced GAG and collagen release starting
from a low concentration of 0.02 mg/ml, and
almost totally inhibited it at a concentration of
0.2 mg/ml for 14 days. Rofecaxib, a selective
cyclooxygenase (COX-2) inhibitor, did not
inhibit GAG orcollagen degradation at a

concentration of 30 mM  Diclofenac, a
100+
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Fig. 2. Effect of Aralia cordata Thunb. on proteoglycan and collagen degradation in rabbit
cartilage eXplants cultures over time. Cartilage 'was cultured in- quadruplicate in 400 #£ of
~.medium only, with 5 ng/ml IL-1a, or with 5 ng/ml IL-1a + 0.1 mg/m! Aralia cordata Thunb.
for 28 days. Media with or without IL-1a were replenished once every 3 days. GAG and
coliagen degradation are shown as the cumulative release ‘into the medium, asa’ percentage
of total GAG and callagen at different times in the culture. Bars show the mean *SD of 7

three experiments.-

### p < 0001 compared with control, and. *p < 0.05, **p < 001, and *++p < 0.001 versus the respective

controls (IL-1a).
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Fig. 3. Effect of Aralia cordata Thunb. on the dose response of proteoglycan and collagen
degradation in rabbit caftilage explants cultures. Cartilage was cultured in quadruplicate in 400
2 of medium only, with 5 ng/m! IL-1a, or with 5 ng/ml IL-1a plus different concentrations of
Aralia cordata Thunb. for 14 days. The media were removed on 3 days and replaced as
described above for a further 11 days. The levelsof GAG and collagen released into the
medium on 14 days were measured and the results are expressed as a percentage of the total
compound released. Bars show the mean *SD of three experiments. |
## p < 0001 compared with control, and *p < 0.05, *+p < 0.01, and ***p< 0.001 versus the respective control
(IL-1a).

non-selective COX-2 inhibitor, effectively 3. Effect of .Aralia cordat@ Thunb. on
reducedGAG and collagen degradation at 30 MMP activity
mM (Fig. 3).

We examined whether Aralia cordata Thunb.
inhibited IL-la-mediated MMP-3 and MMP-13

activities in the culture medium. We tested the
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Fig. 4. Eﬁect;be,;{,,'.Arrlélig'_‘,jfoQ‘rdata“:Ihunb. “on’. MMP “activity .in rabbit “cartilage, ‘exglants cultures.
Cartilage was_cultured in medium only, with 5 ng/ml. IL-1a, with 5 ng/ml IL-1a plus different
concentrations of Aralia fcordata Thunb. or with j04 mM BB9%4, an MMP inhibitor, for 14 days.
Cumulative. MMP-3"and . MMP-13 .activities .were analyzed with a colorimetric substraie assay. Bars
show the mean £SD -of three experiments. .~~~ ) - '
## p < 0,001 compared with| control, and *#xp < 0.001 compared with respective control (IL-1a).
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levels of MMP-3 and MMP-13 activity in the
medium from cultures after 14 days with or
without Aralia cordata Thunb.. MMP-3 and
MMP-13 levels decreased dose-dependently in
the culture media with Aralia cordata Thunb.
at day 14 compared with the levels in
IL-1la-treated cultures (Fig. 4). In Baralia
cordata Thunb.~treated cultures, the levels of
MMP-3 and MMP-13 activity were reduced
more than in cultures treated with only BB¥,
an MMP inhibitor (Fig. 4).

4. Effect of Aralia cordata Thunb. on
the viability of cartilage explants

We examined whether Aralia cordata Thunb.
affects chondrocytes wviability in cartilage
explants cultures. We were unable to detect
any LDH activity in the incubation medium of
cultures treated with the drug or with IL.-la
alone, indicating that neither IL.-1a nor Aralia
cordata Thunbhave cytotoxic effects on
chondrocytes cartilage explants during 3, 7, or
14 days of culture (Fig. 5).
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5. Effect of Aralia cordata Thunb. on the
morphology of cartilage explants

We evaluated whether Aralia cordata Thunb.
affects the structural integrity of| cartlage or
chondrocytes in IL-la-induced  carulage
explants cultures. Examination of sections of
untreated cartilage explants revealed normal
staining far proteoglycan and oq}llagen with
Safranin O and Masson’s Trichrame (Fig. 6).
In  contrast,  microscopic abalysis of
IL-1la-treated explants showed a reduction in
the amounts of proteoglycan and collagen
present. Aralia cordata Thunb.-treated cartilage
showed more intense staimng for proteoglycan
and collagen compared with carﬁlage samples
treated with 1l.-1a alone. The totdl number of
chondrocytes increased 2.7-fold after 14 days
in culture compared withthe number in
cartilage treated with IL-la alone. Neither
[[.-la alone nor additional treatment with
Aralia cordata Thunb.nduced any  pathological
change in the cartilage explants.

-~ 2 days
= -or-+ 7 days
- @~ 14 days

0.01 0.1 0.2
‘Concentration (mg/ml)

Qs

_Fig. 5. Effect of Aralia cordata Thunb. on the viability of cartlage explants .cultures. Cartilage
was cultured in quadruplicate in 400 #£ of medium only, with 5 ng/ml IL-1a, or with 5 ng/ml
IL-1a plus different concantrations of Aralia cordata Thunb. for 14 days. Medium was removed
on day 3 and replaced as described above for a further 11 days. The. viability -of chondrocytes
in cartilage explants cuttureswas measured on 3, 7, and 14 days and the resulis are expressed
as g percentage of the total LDH released. Bars show the mean +SD of three expefiments. -
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control

Aralia cordata Thunb

Safranin O
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Fig. 6. Histochemical analysis of proteoglycan and collagen in rabbit cartilage explants
cultures. Cartilage explants were left untreated or treated with 5 ng/ml IL-1a for 14:days in
the absence or presence of Aralia cordata Thunb.. (A) Proteoglycan was determined by
Safranin O staining (Original magnification x200). (B) Collagen expression was determined

using Masson's Trichrome staining.

V. Discussion

Aralia cordata Thunb. is

facing us is "How can we: exert a protective
effect on cartilage”. Therefore, we investigated
the effects of Aralia cordata Thunb. on the
release of proteoglycan, the degradation of

collagen, and the mechamsmsmvolved, m

TL-1a-treated rabbit- camlage explants

In general, the destruction of cartilage in. -

OAlslmtlallycausedbyadecreasemlts
moteoglycan oontent, "'fdllowed by
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an oriental
medicinal herb used for the treatment of
osteoarthritis. However, the current problem

degradation of oollagen ﬁber& Some studmsf
have suggested’ that mvestlgatlon into’ carulage
degmdahon should mdude an examination of -

both proteoglycan and the collagen matnx 1,
14). In a preliminary study, we confirmed that
proteoglycan is dose-dependently degraded bv
IL-1a and consistently achieves the maximal
response about 73% with 5 ng/ml IL-la
applied to rabbit explants for 14 days of
culture (Fig. 1A). Collagen degradation by
IL-lasignificantly increased about 725% after
14 days (Fig. 1B). Under these conditions,
cartilage explants cultured for 28 days still
released about 79% of type I collagen into the
‘cilture’; medium  (data "not shown). Previous
.mv&sugators have shown that IL~la induced
. the degradahm of more than 70% of
Rk proteoglycan aftm‘ 3" days and abibut 6% of
" collagen" after 15-%5 days in bovine explants
“ and rabbit- cartilage explants™F %
‘ vestigated the . protective® effects of
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Baralia cordata Thunbon IL-la-mediated
proteoglycan and collagen release in rabbit
cartilage explants cultures. In this study,
Aralia cordata Thunb.  dose-dependently
reduced IL-la-mediated proteoglycan release
into the culture medium between 3 days and
14 days (Figs. 2 and 3). The release of
collagen was not observed in culture medium
treated with IL-1a until: 7 days. Aralia cordata
Thunb. markedly reduced collagen degradation
after 14 days in a' concentration—dependent
manner compared withthat in IL-la-treated
cultures (Figs. 2 and 3). These results suggest
that Aralia cordata Thunb. is essential for the
reduction of proteoglycan and collagen
degradation in rabbit cartilage. The control,
diclofenac, a non—selective COX-2 imnhibitor,
showed inhibitory effects, whereas rofecoxib, a
selective COX-2 inhibitor, showed none (Fig.
3). These results are in agreement with those
of others®™®. Studies by Ito et al. have
reported that diclofenac has a positive effect
on the inhibition of cartilage metabolism'.
Aralia cordata Thunb. inhibited MMP-3 and
MMP-13 activity in articular cartilage explants
(Fig. 4. In our experiments, colorimetric
analysis demonstrated - that MMP-3 and
MMP-13 activiies were similarlyinhibited
when tested at extract concentrations of
00202 mg/ml. These' results suggest that
Aralia cordata Thunb. is an effective inhibitor
of cartilage loss. Proteoglycan 1s particularly
vulnerable to proteinase attack and is therefore
a sensitive indicator of proteolytic activity.
Studies by Lin et al. have suggested that
MMP-3 is the proteinase mainly responsible
for the release of proteoglycan and collagen as
fragments aftgr cartilage resorption in vitro
and in vivo, because they are produced by
‘cleavage of the aggrecan molecule at the
position cleaved by MMP-3°%, Furthermore,
Kozagx et al. suggested that MMP-13 playsa

role in the cartilage destruction stimulated bv
IL-1b, and breaks down type I collagen

breakdown  in nasal  cartilage
21-22)

bovine
explants

We have also shown that Aralia cordata
Thunb. hadno impact on the wiability of
cartilage explants, when determined on 3, 7.
and 14 daysof the culture period (Fig. 5). The
distribution of proteoglycan and collagen
determined using Safranin O and Masson's
Trichrome staining demanstrated the
disorganization of the articular cartilage,
including fibnllation, fissures, chondrocyte
nuclear cleavage, and cluster formation, in the
Aralia cordata Thunb.—treated group compared
with the control (Fig. 6).. Chondrocytes
enlargement, resulting in glant chondrocytes
containing multiple nuclel, was also observed
in Aralia cordata Thunb.-treated cartilage
cultures. Based on the above data regarding
the metabolism, wviability and ‘morphology of
cartilage, we suggest that Aralia cordata
Thunb. is potentially useful in the treatment of
degenerative joint disease.

However, furtherinvestigation 1is required
into the mechanism of action of Aralia cordata
Thunb. In exerting its chondroprotective effect
via aggrecanase expression, and to develop an
effecive regimen for the treatment of
osteoarthritis.

V. Conclusion

In summary, Aralia cordata Thunb. has an
inhibitory effect on the release of proteoglycan
and collagen associated with the
downregulation of MMP-3 and MMP-13
activities,without affecting the viability or
morphology of TL-la-induced rabbit "articular
cartilage explants. We suggest that Aralia
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cordata Thunbcould represent agent for
pharmacological intervention in cartilage loss
in the progress of osteoarthritis.
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