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Abstract: We investigated the effects of A. galanga extract on metabolism and gene expression involved
in the interleukin-15 (IL-13) response of human chondrocyte and synovial fibroblast. A. galanga extract
inhibited IL-14 enhanced matrix breakdown of the cartilage explants in a dose-dependent manner. It
suppressed uronic acid loss from the tissue and decreased the release of sulfated GAG and hyaluronan
into the medium. MMP-2 and MMP-9 activity in the culture medium of chondrosarcomas and synovial
fibroblasts were significantly reduced in the presence of A. galanga extract, which also suppressed the
production of MMP-1, -3 and -13. The A. galanga extract also significantly increased type II collagen,
SOX9 and aggrecan gene expression, suggesting an ability to enhance anabolic activity. At a high
dose of A. galanga extract there was a down-regulation of aggrecan gene expression. Comparison with
Diacerein® showed its general anti-inflammatory potential to be similar. The A. galanga extract was
shown to inhibit IL-18-stimulated cartilage matrix degradation in both systems. Additionally, the extract
showed the potential to up-regulate certain chondrocyte anabolic genes. It may, therefore, offer some
cartilage protective and anti-inflammatory properties as a therapeutic agent in arthritis.
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Abbreviations

BSA, bovine serum albumin; CS, chondroitin sulfate; DMEM, Dulbecco’s Modified Ea-
gle’s Medium; DMMB, dimethylmethylene blue; ECM, extracellular matrix; FCS, fetal
calf serum; GAG, glycosaminoglycan; IL, interleukin; MMP, matrix metalloproteinase;
PG, proteoglycan; ELISA, enzyme-linked immunosorbent assay; OA, osteoarthritis; PBS,

phosphate-buffered saline; PCR, polymerase chain reaction; RT, Reverse transcriptase;
s-GAG, sulfated glycosaminoglycan; SOX, SRY-type HMG box.

1 Introduction

Osteoarthritis (OA) is a degenerative process of the joints, which is characterized by the
progressive destruction and erosion of cartilage often associated with an osteophytic re-
sponse. This destruction results from a homeostatic imbalance between the matrix synthe-
sis and degradation in the cartilage. Pro-inflammatory cytokines, such as interleukin-1/3
(IL-15) and other mediators produced by cytokine action on chondrocyte and synovial
fibroblasts may contribute to the process and cause an imbalance in extracelluar ma-
trix (ECM) turnover, accelerate the degradation of cartilage matrix, and also increase
the incidence of chondrocyte apoptosis [1, 2]. IL-15 (and TNFa) have been shown to
provide a driving force for inducing and sustaining cartilage damage in arthritis by sup-
pressing the synthesis of specific ECM molecules and by promoting excessive cartilage
destruction, thereby preventing the cartilage repair process [3, 4]. Numerous studies
have demonstrated that matrix metalloproteinases (MMPs) are key enzymes involved
in the destruction of articular cartilage in arthritic diseases [5]. MMP-1/collagenase 1,
MMP-3/stromelysin 1, MMP-9/gelatinase B and MMP-13/ collagenase 3 have been de-
tected in synovium, synovial fluid, and cartilage samples in both RA and OA and have
been directly implicated in the pathologic loss of articular cartilage [6-10]. Furthermore,
pro-inflammatory cytokines, produced locally in the joint by monocytes/macrophages,
synovial fibroblasts, or chondrocytes [11], induce and/or augment the production of
proMMPs [12-14]. This compromises the function of the chondrocytes, the highly differ-
entiated cells of cartilage, which are responsible for maintaining a homeostatic balance
between biosynthesis and degradation of cartilage ECM [15, 16]. The metabolic status
of the chondrocyte thus plays a central role in our understanding of the initiation and
progression of joint degeneration such as in OA [17]. In experimental OA models it has
been shown that there is an initial anabolic response of chondrocyte with up-regulation
of mRNA levels for the major structural components type II collagen and aggrecan and
increases in the synthesis of the corresponding protein [18, 19]. The Sox9 transcription
factor SOX9 (SRY-type HMG box proteins) has emerged as an important determinant
of chondrocyte differentiation, including the regulation of type II collagen (Col2) and
aggrecan gene expression [20, 21]. Degradation of the ECM is also elevated in these early
stages in OA and, as the disease progresses, the chondrocyte anabolic response becomes
insufficient. This results in depletion of the ECM, which occurs during the later stages
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of OA. Loss of key matrix organization results in a compromised tissue function and,
eventually, cartilage loss down to the sub-chondral bone.

The Thai herb, Alpinia galanga (B.L. Burtt) has been used in traditional medicine
for its carminative, stomachic, anti-rheumatic, anti-flatulent, and anti-itching therapeutic
qualities. It also contains anti-microbial agents [22, 23]. The rhizomes of this plant are
extensively used as a spice in Southeast Asian countries. The potential anti-inflammatory
actions are attributed to suppressing prostaglandin synthesis through the inhibition of
cyclooxygenase-1 and cyclooxygenase-2 [24]. In addition, the aqueous acetone extract
from the rhizomes has been reported to have inhibitory effects on lipopolysaccharide
(LPS)-induced nitric oxide (NO) production [25]. In order to evaluate the potential of
A. galanga extract for chondroprotective effects in arthritis, we investigated its effect on
IL-13 induced cartilage degradation and on catabolic and anabolic processes in a human
chondrosarcoma, cell-lined SW1353 and in human synovial fibroblasts.

2 Experimental procedures

2.1 Preparation of Alpinia galanga hexane extract

The Galanga powder (from fresh rhizomes of A. galanga L.) was obtained from The
Communo Life of Love and Unity of the Mountain People Foundation (CLUMP). Dried
powder of A. galanga was extracted with hexane and, to ensure complete extraction,
5 kg powder was extracted with 17 L of hexane. This process was repeated 4 times. The
filtrates from the extractions were mixed and dried in a rotary evaporator under reduced
pressure at 40°C. The yield was determined and the dried residue was weighed and stored
at -20°C.

2.2 Explants preparation and treatment

Porcine articular cartilage, freshly dissected from a metacarpophalangeal joint of a 20-24
week old animal was incubated in serum-free-DMEM containing 200 units/ml penicillin
and 200 pg/ml streptomycin. The explants were maintained in culture in a humidified
incubator with 5% CO, at 37°C.

Explants at day 2 were maintained in media without serum for 24 hours (day 0 media)
prior to the three days of treatment. Conditioned media were collected on day 3 of culture
and stored at -20°C until analyzed. Recombinant human interleukin-13 (25 ng/ml) was
added to induce cartilage degradation and the effects of the A. galanga extract was tested
at concentrations ranging from 6.25 — 10 pug/ml. As an independent control Diacerein®,
(0.0625 — 1 uM) a commercial anti-osteoarthritis drug (TRB Chemedica, Switzerland),
was added to parallel cultures as a standard agent. Each experiment contained a control
in which no IL-13 was added to the medium. Treatments were performed in triplicate
using tissue from one animal donor.

The release of extracellular matrix (ECM) biomolecules from cartilage induced by
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IL-13 was estimated by the calculation:

% change = {(Day3 medium — Day 0 medium)/ Day 0 medium} x 100
UA content % of control = {UA(Day3 treated) — UA(Day 3 control)} x 100

2.3 Human chondrosarcoma cells (SW1353), human synovial fibroblasts
and treatments

The human chondrosarcoma cell line, SW1353 was obtained from American Type Culture
Collection (Manassas, VA, USA). Cells were grown to confluence in 25 cm? culture flasks,
washed with PBS and kept in serum free DMEM for 24 h prior to co-treatment with
various concentrations of A. galanga (0.001, 0.01, 0.1, 1, 10 ug/ml) together with 10 ng/ml
human recombinant IL-15 for 24 h. Non-inflammatory human synovium was obtained
with fully informed patient consent from the arthoscopic diagnosis of a flat pad syndrome
patient at Maharaj Nakorn Chiang Mai Hospital, (Department of Orthopedic, Faculty
of Medicine, Chiang Mai University, Thailand). Synovial fibroblasts were released by
overnight trypsin at 4°C and 3 h digestion with collagenase (Sigma type IA) at 37°C.
The cells were washed with PBS and grown in DMEM containing 10% FCS as high
density primary monolayer cultures until confluency. The synovial fibroblasts at passage
4 were maintained in serum-free medium and treated as described for SW1353 cells.

2.4  Cytotoxicity detection

Quantification of cell death and cell lysis was determined by a colorimetric assay, based
on the measurement of lactate dehydrogenase (LDH) activity in culture medium [26].
The analysis was conducted according to the manufacturer’s instruction by comparing
the amount of LDH in the samples with the positive control: cells treated with 0.5 mM
H,0O5 for 24 h.

2.5 Measurement of glycosaminoglycan levels

The level of glycosaminoglycan appearing in the medium of explants, cell cultures, and
papain-digested cells was determined using the dimethylmethylene blue (DMMB) assay
for sulfated glycosaminoglycan [27], using chondroitin sulfate C (shark cartilage extract;
Sigma-Aldrich, USA) as standard. The DMMB solution was added to the diluted sample
and standards and appropriate blank solution prior to absorbance reading at 525 nm
in a microplate reader spectrophotometer. The release of sGAG was estimated by the
calculation:

% sGAG release = [sGAG in medium/(sGAG in medium + sGAG in cell layer)] x 100
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2.6 Determination of uronic acid

Glucuronic acid (GlcUA) concentrations in the papain digested explants were determined
with the colorimetric assay using m-hydroxydiphenyl [28] with D-glucuronic acid lactone
as the standard.

2.7 Measurement of hyaluronan levels

HA in medium and cell layer was measured using a competitive inhibition-based-ELISA
as previously described, with modifications [29]. Briefly, culture media or papain-digested
samples containing unknown amounts of HA (175 pul), as well as a standard containing
known concentrations of a highly purified HA preparation (Healon®, Pharmacia AB,
Sweden), were placed in small polypropylene tubes with appropriate concentrations of
biotinylated-HA binding proteins (B-HABP) (175 pl) and incubated at room temperature
(25°C) for 1 hour. Aliquots (100 ul) of this reaction mixture were applied to umbilical
cord HA-coated and BSA-blocked micro-plates and incubated at 25°C for 1 h. The wells
were then washed with phosphate-buffered saline solution containing 0.05% Tween-20.
The appropriate dilution (1:2000 in PBS) of anti-biotin peroxidase conjugate (Zymed
Lab Inc., San Francisco, CA, USA) was then added to each well, incubated at 25°C for
1 hour and washed, after which peroxidase substrate (OPD, o-phenylenediamine) was
added. After incubation at 25°C for 20 min, the reaction was stopped by the addition of
50 pl 4 M HySOy4. The absorbance ratio at 492/690 nm was measured using a Titertek
Multiskan M340 microplate reader. HA concentration in the culture media samples was
calculated relative to a standard curve generated from the purified HA preparation.
The release of HA was estimated by the calculation:

% HA release = [HA in medium/HA in medium + HA in cell layer)] x 100

2.8 Gene expression analysis

RNA was extracted from monolayer cells using an Aurum total RNA purification kit
(Bio-Rad Laboratories, Hercules, CA, USA) according to the manufacture’s guidelines.
Total RNA (500ng) of each sample was reverse transcribed into complementary DNA
(cDNA) using RevertAid”™ First Strand cDNA synthesis kit (MBI Fermentas, Germany ).
Primers and probe sets were designed using Primer Express 2.0 software (Applied Biosys-
tems, Foster City, CA, USA) to meet Taqman® requirements and were designed to bind to
separate exons to avoid false positive results arising from amplification of contaminating
genomic DNA. The primer nucleotide sequences are shown in Table 1.

The amplified products were electrophoresed on 2% (w/v) agarose gels, stained with
ethidium bromide, and then imaged using a Bio-Rad Gel-Doc fluorescent image analyzer.
The integrated densities were then calculated using Scion image analysis software and nor-
malized to the house-keeping gene GAPDH (glyceraldehydes-3-phosphate dehydrogenase)
to permit semi-quantitative comparisons in mRNA levels as previously described [30, 31].
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Annealing Product size  Sequences (5'to 3’) GenBank
Gene temperature  (base pairs) accession
(°C) number

Aggrecan 62 110 Forward: ACTTCCGCTGGTCAGATGGA NM_013227

Reverse: TCTCGTGCCAGATCATCACC

Collagen II 65 106 Forward: CAACACTGCCAACGTCCAGAT NM_000393
Reverse: CTGCTTCGTCCAGATAGGCAAT

SOX9 68 101 Forward: ACACACAGCTCACTCGACCTTG NM_000346
Reverse: GGAATTCTGGTTGGTCCTCTCTT

MMP1 68 84 Forward: CTGTTCAGGGACAGAATGTGCT NM_002421
Reverse: TCGATATGCTTCACAGTTCTAGGG
MMP3 65 138 Forward: TTTTGGCCATCTCTTCCTTCA NM_002422

Reverse: TGTGGATGCCTCTTGGGTATC

MMP13 65 96 Forward: TCCTCTTCTTGAGCTGGACTCATT NM_002427
Reverse: CGCTCTGCAAACTGGAGGTC

GAPDH 60 225 Forward: GAAGGTGAAGGTCGGAGTC NM_002046
Reverse: GAAGATGGTGATGGGATTTC

Table 1 Primers used for semi-quantitative RT-PCR.

2.9 Gelatin zymography

Pro-MMP-2 and MMP-9 in the conditioned medium were detected by gelatin zymography
as previously described [32]. The samples were subjected to sodium dodecyl sulfate
polyacrylamide gel electrophoresis (SDS-PAGE) using a 10% acrylamide gel containing
0.1 mg/ml of gelatin (Sigma-Aldrich, USA) under non-reducing conditions at 4°C. After
electrophoresis, SDS in the gel was removed by rinsing with 2.5% Triton-X 100 pH 7.5.
The gel was then incubated at 37°C in the incubating buffer (50 mM Tris-HCI, 5 mM
CaCly, 1 uM ZnCly, 0.02% NaN3) for 18 h. After incubation, the gel was stained with 0.1%
Coomassie brilliant blue R250 (Bio-Rad Laboratories, Hercules, CA) in 50% methanol
/10% acetic acid, and destained with 10% acetic acid /50% methanol. The gelatinolytic
activity was analyzed using Scion image software (Scion Corporation, USA).

3 Results

3.1 A. galanga extract inhibited IL-1-induced degradation of
extracellular matrix in porcine cartilage explants

To investigate the effects of A. galanga extract on extracellular matrix degradation,
porcine cartilage explants were incubated with pro-inflammatory cytokine, IL-15 (at
25 ng/ml) with a range of doses of A. galanga extract. After 3 days of treatments
the cartilage tissue was analyzed for uronic content and the culture media were analyzed
for s-GAG and HA release. The results showed that the IL-13 caused a 20% decrease in
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the uronic acid content of the cartilage over 3 days (data not shown) and the release of
extracellular matrix (ECM) components, s-GAG and HA into the culture medium was
increased 50% and 60%, respectively (Fig. 1A). The A. galanga extract at 25-100 pg/ml
dose-dependently inhibited the loss of uronic acid from cartilage (data not shown) and
decreased the release of s-GAG and HA to the medium (Fig. 1A). The effect of the
A. galanga extract was found to be comparable to the inhibitory effects detected in the
same test system with the positive control, Diacerein® (0.0625-1 uM) (Fig. 1B).
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Fig. 1 Effect of A. galanga extract (A) and Diacerein® (B) on the release of s-GAG and
HA to media from porcine cartilage explants.

Porcine cartilage explants were cultured with IL-18 (25 ng/ml) in the presence and ab-
sence of the A. galanga hexane extract (at concentration 6.25 — 100 pg/ml) or Diacerein®
(at concentration 0.0625-1 M) for 3 days.

* Denoted value that was significant different (p < 0.05) from the IL-15 treated control.
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3.2 Effect of A. galanga extract on the s-GAG production/release in
SW1353 cells and in human synovial fibroblasts

Having obtained evidence that A. galanga extract was able to inhibit cartilage degrada-
tion driven by IL-1( using the cartilage explant culture model, additional experiments
were carried out with a human chondrocyte-like cell line SW1353, and with cultured pri-
mary human synovial fibroblasts to explore further its mode of action. The cells were
investigated at confluency when they had accumulated some pericellular matrix from this
cell layer. It was found that the untreated SW1353 cells and synovial fibroblasts released
2.8 + 0.5% and 5.0 + 0.6% of s-GAG, respectively into the culture medium (Fig. 2A, 3A).
When the samples were treated with IL-15 (10 ng/ml), a significant increase was observed
in the basal s-GAG release up to 10.8 4+ 0.2% (SW1353) and 14.0 + 0.4% (synovial fibrob-
lasts). The A. galanga extract treatment of SW 1353 increased the sGAG release relative
to total SGAG (% sGAG release). With the synovial fibroblasts the A. galanga extract
inhibited the small IL-15 increase and further suppressed release below the control un-
treated value. Diacerein® in these cell systems showed no inhibition of IL-13 stimulated
release and at high dose (~2.5-5 uM) it appeared to enhance the production of s-GAG
in both SW1353 cells and synovial fibroblasts (Fig. 2B, 3B) causing even greater release
into the culture medium.

3.3 Effect of A. galanga extract on the Hyaluronan production/release in
SW1353 cells and in human synovial fibroblasts

In the same cell systems there was also significant release of hyaluronan (HA) into the
culture medium and SW1353 cells with IL-1/5 showed a significant increase (~50%). The
A. galanga extract was shown to inhibit this IL-13-stimulated release of HA (Fig. 2A).
With synovial fibroblasts the control release of HA was small but significant and 1L-173
(10 ng/ml) slightly stimulated the HA release (Fig 3A). Diacerein® at the high dose
(~2.5-5 uM) was also effective in inhibiting the HA release from SW1353 and synovial
fibroblast cultures (Fig. 2B, 3B).

3.4 Effect of A. galanga extract on the IL-15-induced pro-MMP-2
production and expression of MMP-1, -3 and -13 mRNA

As metalloproteinases have an important role in the regulation of extracellular matrix
turnover and are typically highly expressed in tissues in joint disease we investigated
the expression of some selected metalloproteinases to understand if A. galanga extract
may have activity in suppressing their expression. To assess the gelatinases (MMP-2
and MMP-9), gelatin zymography experiments have been performed and it was indi-
cated that chondrosarcomas (SW1353 cells) and synovial fibroblasts in culture produced
small amounts of pro-MMP2 and pro-MMP-9 (Fig 4). When confluent SW1353 cells and
synovial fibroblasts were treated with IL-14 (10ng/ml) for 24 h, the level of proMMP-2
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Fig. 2 Effect of A. galanga extract (A) and Diacerein® (B) on the release of s-GAG and
HA to media from chondrosarcomas (SW1353).

Confluent chondrosarcomas (SW1353) were cultured with IL-15 (10 ng/ml) in the pres-
ence and absence of the A. galanga hexane extract (at concentration 0.001 — 50 pg/ml)
or Diacerein® (at concentration 0.1 nM -2.5 yM) for 24 h.

* Denoted value that was significant different (p < 0.05) from the IL-15 treated control.

and -9 in the conditioned medium of SW1353 and human synovial fibroblasts showed a
small increase (about 1.6 and 1.8 fold, respectively), compared with the untreated control
cells (Fig. 4). The A. galanga extract (1-50 pg/ml) suppressed the IL-18-induced pro-
MMP-2 production in a dose-dependent manner with a maximal inhibition at 50 pg/ml
of 73.5% and 68.7%, in SW1353 cells and synovial fibroblasts, respectively. Diacerein®
(0.001-2.5 uM) also effectively suppressed the production of proMMP-2 and -9.

To assess other important metalloproteinases, we investigated the expression of MMP-
1,-3 and -13 genes by semi-quantitative RT-PCR. The expression of MMP-1,-3,and -13
were strongly increased in confluent SW1353 cells treated with IL-13 (10 ng/ml) for 24 h
(Fig. 5). The effects of A. galanga extract showed strong inhibition (74%) of MMP-1
expression, but only a small inhibition of MMP-3 (17%) and MMP-13 (12%). Diacerein®
only showed inhibition of their expression (44.4, 37.3 and 53.6% reduction, respectively)
at the highest dose (2.5 uM) (Fig. 6). The synovial fibroblast cultures also showed
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Fig. 3 Effect of A. galanga extract (A) and Diacerein® (B) on the release of s-GAG and
HA to media from human synovial fibroblasts.

Confluent human synovial fibroblasts were cultured with IL-13 (10 ng/ml) in the presence
and absence of the A. galanga hexane extract (at concentration 0.001 — 50 pg/ml) or
Diacerein® (at concentration 0.1 nM -2.5 uM) for 24 h.

* Denoted value that was significant different (p < 0.05) from the IL-15 treated control.

increased expression of the MMP when treated with I1-15 (Fig. 7). The A. galanga
extract was more effective at reducing their expression in the synovial fibroblasts than
in the SW1353 cells and at high dose (10 pg/ml) it reduced the MMPs expression by
77%, 62% and 65% for MMP-1, -3 and -13, respectively (Fig. 7). Diacerein® also down-
regulated the expression of MMP-1, -3, and -13 mRNAs (Fig. 8) in a dose-dependent
manner (0.1 — 2.5 uM) and gave maximum reduction at 2.5 uM (81%, 89% and 75%,

respectively).
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Fig. 4 Effect of (A) A. galanga extract, (B) Diacerein® on the production of gelatinases,
MMP-2, and MMP-9.

Confluent SW1353 cells or synovial fibroblasts were treated with IL-15 (10 ng/ml) in
the presence and absence of A. galanga extract or Diacerein® for 24 h. and then the
conditioned culture medium was analyzed by gelatin zymography as described in methods.
Three independent experiments using cells of different origin gave reproducible results and
typical data are shown. M, protein marker; C, control. The numbers denoted the quantify
density value based on Scion image software.

3.5 Effect of A. galanga extract on the IL-13 effects on the expression of
aggrecan, collagen type II, and SOX9 expression

Since the maintenance of cartilage matrix is a balance between biosynthesis and degrada-
tion an important factor in addition to degradation is the continued biosynthetic activity
of the cells. The effects of the A. galanga extract were thus assessed on the gene ex-
pression in the SW1353 cells of the cartilage macromolecules such as aggrecan, collagen
and the key chondrocyte transcription factor SOX9. In response to 10 ng/ml of I1L-1,
collagen type II and SOX9 expression at 24 h decreased by (12% and 56%, respectively)
compared to the untreated control culture, (Fig. 5). In the presence of the A. galanga
extract collagen type II gene expression with IL-13 was further increased. For SOX9
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of the A. galanga extract for 24 h.

* Denoted value that was significantly different (p < 0.05) from the IL-15 treated control.
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Confluent SW1353 cells were cultured with IL-15 (10 ng/ml) in the presence and absence
of the Diacerein® for 24 h. AGG, aggrecan; COL2, collagen type II; SOX, SRY-type
HMG box; MMP, matrix metalloproteinase.

* Denoted value that was significant different (p < 0.05) from the IL-15 treated control.
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* Denoted value that was significant different (p < 0.05) from the IL-15 treated control.
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the A. galanga extract reversed the IL-1/ inhibition in dose-dependent way (1 ng/ml
-10 ug/ml) and at high dose it exceeded the non- IL-15 control level (Fig. 5). Ag-
grecan gene expression slightly increased (11%) with IL-15 treatment compared to the
untreated control. A. galanga extract at a low dose (1ng/ml - 0.1 pg/ml) enhanced aggre-
can gene expression but, in contrast, at a high dose (0.1-10 pg/ml), there was inhibition
of gene expression to down to a level below that which was observed as the control value.
Diacerein® (0.01 — 2.5 uM) also showed some stimulation at higher doses for aggrecan
and SOX9 gene expression in the presence of IL-13, whereas there was only a slight effect
on collagen type II gene expression (Fig. 6).

4 Discussion

Arthritis is a major debilitating disease and affects millions of people all over the world.
Part of the process that leads to pain and disability is the degeneration and eventual loss
of articular cartilage. This involves a range of growth factor and cytokine responses that
lead to matrix degradation driven by matrix proteinases such as MMPs and aggrecanases.
The inflammatory cytokine IL-173 is involved in a variety of pathological processes, such
as the response to infection, activated lymphocyte products, microbial toxins, and other
stimuli [33]. It has particularly damaging effects on articular cartilage as it induces
matrix MMPs and inhibits ECM synthesis by chondrocytes and suppresses chondrocyte
proliferation [34].

Diacerein® (4,5-diacetoxy-9,10-dioxo-9,10-dihydroanthracene-2-carboxylic acid) has
been used in the long-term treatment of OA [35-37] and it is currently under evalua-
tion as a disease-modifying OA drug in randomized placebo-controlled clinical trails of
patients with OA of the hip and knee. The efficacy of Diacerein® has been well docu-
mented in animal models including the post-contusive rabbit model and the accelerated
canine model of OA [38, 39]. It has been shown to inhibit pro-inflammatory cytokine
synthesis and activity, particularly for IL-15 [39] and in vitro experiments showed it was
able to inhibit IL-14 induced collagen synthesis [40]. In OA animal models, this drug has
shown to suppress cartilage matrix degradation. In the present study the results showed
that Diacerein® could significantly inhibit the release of cartilage matrix proteoglycans
and pro-MMP-2 and -9, when cartilage explants were stimulated with IL-13. Moreover,
it was also shown to down-regulate the expression of the MMP-1, -3 and, -13 genes, which
is in complete agreement with the previous study [41].

The present study was carried out to evaluate the effect of the hexane extract of
the rhizomes of A. galanga on some activities relevant to joint degeneration. The initial
experiments established that the A. galanga extract was able to inhibit proteoglycan
and HA loss from articular cartilage explants stimulated with IL-13 for 3 days. It thus
contained an activity of potential benefit in reducing matrix degradation. Furthermore in
subsequent work it showed no cytotoxic effects on cells, which might otherwise contribute
to the inhibition of matrix damage. In order to assess further the possible mode of action
of the A. galanga extract its activity was investigated in two cell systems (SW1353 cells
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and synovial fibroblasts) looking at proteoglycan and HA release from cell layer and on
gelatinase activity and other MMP and chondrocyte gene expression. The proteoglycan
and HA release is likely to be a combined effect of degradative release from the cell layer
and changes in rates of synthesis and secretion from the cell into the cell layer and into
the medium. The effects of the A. galanga extract thus appear to be either by inhibiting
IL-13 stimulated cell layer release or by inhibiting IL-13 stimulated increase in synthesis.
Both chondrosarcomas and synovial fibroblasts are relevant models for assessing ECM
molecule release as a synthetic process. However, this process might be via multiple
mechanisms and must be tested in the future. As it also appeared to have (1) some
inhibitory actions in SW1353 cells on pro-gelatinase expression (MMP-2, MMP-9), (2)
some inhibitory effect on MMP-1 and MMP-3 and, (3) some small effect on MMP-13,
it appears that at least some of its action in suppressing cytokine-stimulated matrix
degradation may be to decrease extracellular proteinase activity. Inhibition of mRNA for
the matrix-degrading enzymes, MMP-1, -3 and -13, in synovial fibroblasts suggests that
A. galanga extract may also suppress proteinase action in adjacent synovial tissue, thus
affording additional protection to articular cartilage. It will require further studies to
establish if A. galanga extract can reduce arthritis-associated inflammation in synovial
membranes and MMPs production from this tissue.

The effects of A. galanga extract on key cartilage genes include some up-regulation of
type II collagen, aggrecan and SOX9 expression, potentially indicating enhanced repara-
tive activity, although there was some inhibition of aggrecan expression at high dose. To
substantiate these effects more detailed studies are necessary in cartilage chondrocytes
rather than SW1353 cells. It will also be necessary to evaluate signaling pathways and
the environmental effects of fibroblast and chondrocytes, such as the release of proin-
flammatory cytokines in comparison with Diacerein®. To assess possible cytotoxicity of
A. galanga, we determined LDH levels released from explants and cell cultures, which
showed there was no evidence of increased cell death. These interesting in vitro effects of
A. galanga extract indicate potential modes of action that might be similar to the com-
mercially available drug, Diacerein®, suggesting that it is a good candidate for further
in vivo evaluation as a chondroprotective agent and it may in the future find use as an
adjunct to other anti-arthritic and anti-inflammatory treatments.
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nnmiuhnsAnImMsideuaaisvesnszgneouIve Iaens iadiunm wu lad MMP-2 ez MMP-9
T I o ' = A g g s
Futhuou lsinhaenszgneou aaoasudsdr Tuanaiiluesdsz neuneueniyad
A g’ dy SNY 1 a
haarweonin Tuhideusad Taun Tnalaanilulnauau uaz leeg Tsuuu

S 0 a A A A ' ' A v

20 snadalsinansaglstia Miviaesg Tunszgnoauiivo

1 4 o y 4 4
Tugruvousas 1aNIN15NIZIa89 1aanou 1as¥1 1ANE (chondrosarcoma: SW1353)

' '
Aaa J

J a a 1 @ @ ]
nazisaaldoyve (synovial fibroblast) IuAMERNDUMDTAIAU-1 1WA TINAVATEAAUT (hexane

Q
Y

= < o @ o @ a a
extract) az 1ao1nau 1unai 24 $2Tua aniuiinsasidadsuia a3 lnalasiiTu'lnauay,
3 ¢ Jd A ¢ o ¢ g ¢
hlam@jiuuu uazmuhlclm MMP-2, MMP-9 Tuiindeuyaa tazanao151oULe NNIFAE
25 o =2 ~ as . . .
MMMSANEIMIUTAI00N VOITU AT semi-quantitative RT-PCR.
v @ < 4
i]TﬂﬂTiﬁﬂ‘H'lﬂililu@]ﬂWWGUENLE]ullc]ﬂl MMP-2 ttag MMP-9
Jd 7dy v ¢ s A v A o qua v
Gl,uuuamwaaﬂﬂmﬂﬂeuiwﬂﬂmﬁ 1,LazmaaLfmumeﬂgﬂmumuﬂwnmiamﬁu

Y
o _ o @

A o ] o Y 3 o 3 a dyd a 1 =
Tuanznienseanadi 10 mg/ml VITGLﬂL@uhlclﬂwNﬁ'@\?GHUG‘IU illliil'lﬂ!aﬂﬁﬁﬂﬂ'lxul‘hlﬂﬁ'lﬂiy HINITNUU
g99ANTUEAIDDNVDITU MMP-1, MMP-3 L1ag MMP-13

1 { @ 4 o 1 1 YR
30 Gluﬁ")um@\?‘fju‘ﬁﬂTUﬁ]ilﬂ'liﬁ'flmi'lgTiﬁ"ligﬁ'TﬂﬂJGI,Uﬂigﬂﬂ@@uWU?T miﬁﬂmnmmvﬁ’wffu 10 mg/ml

4 v v
HUNANUMILAADDNUDITY ADAALIU FHAN 2 1Az SOX9 TudINVDIBU aggrecan WUNAITANAV
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Y Y 9

Nanududud Swalumsimunsuanieonyesdu (0.001- 0.1 ug/ml) ualuANUANTUFI (0.1-10

e

@

ug/ml) Huiwalumsaamsuaavenve gy Lf]mﬁﬂuﬁ’mcﬁaﬁmuqm
NANITNAABINUINAITANAVT (hexane extract) ﬁqm%dcl,umiaﬂmmamaeﬂmaﬁuuaz Talsau
pro-MMPs u,agﬂmﬁnﬂmLﬁmaaﬂmm?mﬁmuqnmiﬁ%’wmi%ﬂmaQaﬁﬁﬁaﬁjmﬂiz@ﬂéau
5 ﬁqﬁumﬂwamiﬁmﬁ’uﬂﬁgﬂﬁmwmmﬂiz@ﬂéau HAZMTAUMIONIAY VBIANTANAU (A. galanga
hexane extract) 39119z 1Nhimsanu s eiuenm sz dauas iaunidueninilia

Tagamz Isadordousn

A [ Aa Aa d‘ d‘ 9
Qil“l’iaQﬂlﬁ]\?ﬁﬂlh‘ﬂfﬂﬂ'li‘ﬂlﬂﬂ?ﬂl@\?

. . . .
Tsadoion (osteoarthrosis) tHu Tsanlnsnlasunilasvesnszgn
T v ¥ A 3 g
10 WeilunanuuuInIunszgn subchondral HNNTULAZI9S YU N5 g 1AIFTY osteophyte
vinulaenszen tazinwums Maevesnszgneounive

@

Tuilagtiuds biimsinanendunz nulsadodonluszozisunsnueslsn
9 d‘ Y 1 v A 1w d‘ =~ o 9
LLili]gﬁ"lll'liﬂ@]i'J"I]WUﬂ'liLﬂaﬂutlﬂﬁ\illﬂi]'lﬂﬂ'lwa'lfﬁﬁﬁ LL@lilﬂi]gWULilﬂilﬂ'liVl'laWEJll‘]Jiﬂﬂua'J
2. a Y ' = o 4
mM3asmsudIuves11sa Tondounu (proteoglycan) Melunszgneeungniiais Taoou la
= Lg’ 1 d‘d [ a [ . a 1 dy o Y
15 FIDWY Al nag i Tundsiau (glycosaminoglycan) AAdY WavYDINTEUIUMI UL A
a1y lauga ¥eamsad ez MsiFouaasednTzgneol d13nTzAUMITONIAD 1FU
a aa a 9 . . a A = 9 J ! ) 9y
DULABDTAINU-1 LUAT LLAL toxic mediator BFUADUS) NNITAUFAANITHNVDU LDSIFAALIDUD
= Y A = L4 v o = 1
i]gilwaslﬂlﬂﬂﬂ'ﬁm’ﬂﬁil@afJ"U@\?ﬂ'liﬁ'i'N uae ﬂ'li‘Vl'la'lstU@Qﬁ1i$31ﬂlﬁﬂﬁ1ﬂﬂi$ﬂﬂ@@u
o Y d‘ A z‘i” 9 Yy a 4 1
I@‘IfJ"l]gﬂ'lGh’iilﬂ'liLﬁ'@NﬁaWﬂlWiﬂl’lﬂ"Uu uazﬂimuiwnmimﬂ D17 apoptosis Gl,umiaaﬂizﬂﬂaau
a Ja a Y I A 0o o A A o Y [
20 (1;2) 9UMBDIAIAU-1 LU Lﬂua’li@@ﬂﬂﬂ‘ﬁﬂﬁ’lﬂiyﬂlﬂufJ'J‘Ll'l Gl,ﬂilﬂ'li@ﬂlﬁ'ﬂ
0 1 Y A v N s g
Llﬁ3ﬂ'lﬁ"Vl'lﬁTﬂﬂlﬂﬁﬂigﬂﬂ@@uslUTiﬂﬁUﬂlﬁﬂll Iﬂfﬁ]g ﬂﬂﬂ'liffi'Nﬁ"liLu@‘W‘HVILﬂu@Qﬂﬂigﬂ@U
o o 1 A 4 o a o -
difyueanszgnoou uaztiumsideanzangad Tasihldimsmemshaleiionszgn (3;:4)
a = = 4 X . o d g S A '
UNMITANYINDUN L?J‘L!llclﬂl matrix metalloproteinases (MMPs) ﬂmﬂuﬂqmau%wmammi
Maevesnszgnoourtolulsade (5;6). MMP-1/collagenase 1, MMP-3/stromelysin 1, MMP-9/
4 ' Y 4
25 gelatinase B and MMP-13/ collagenase 3 00379 WU Gluzﬁm%wffa ( synovium) , Wud 9970 (synovial
. oAy A v v Y Y ¢ Y A
fluid) u,aﬂumz@ﬂaaumma VlLl,fJﬂ‘lﬂ"l]'lﬂ"U@ﬂJ@Q @ﬂ?ﬂiiﬂ"“@@ﬂlﬁﬂzﬂ'l@]@ﬂﬂ Lla$15ﬂﬂlﬂlﬁﬂil
[ d‘ 1 ya [ d‘ 1 a 9 [ 1 9
LAagNINUNIT LﬂfJ'JIEN@fJ'l\ﬂﬂa%ﬂﬂﬂﬂ'lilﬁ'@ilﬁﬁ'lﬂﬁllﬂflﬂigﬂﬂ @@uwaﬂlﬂiuiiﬂﬂ\?ﬂa'nﬂ?ﬂ (7-11)
3 { o a @ { s A
UONINUU T151H YD uﬂﬁlﬂﬂﬂﬁ@ﬂlﬁ’u ﬁ’d%lNiﬂﬁﬂﬂ monoclytes/macrophages, maazﬁeuﬁff@

A g ' A g Y o A Y vt Yy a o 1
ﬂiﬂlcﬁﬁﬁﬂigﬂﬂ@@uﬂlﬂUIiﬂ ﬂl@ﬂﬁﬁ'lll'liﬂﬂi]gﬂigiﬂuiﬂilﬂ'li ﬁ'i'l\u@ullcﬁilcluﬂQM proMMPs

< ' g /A 1 '
30 1aBnane (13-15) 1vaanszgneon (chondrocyte) IThuaaanimsnasu uilaslunszgneou

Created with novaPDF Printer (www.novaPDF.com). Please register to remove this message.




YN 3 Y9IUIU 8 HIN

v A @ { 4 4
LlﬁgiUWG‘IG]f@UGlUﬂ'liiﬂH'lﬂ'l'Jgﬁﬁ'il@afJ "UENﬂ'liﬁ%J'N LLﬁgﬂ'lilﬁﬂMﬁa’lﬂ‘ﬂ@ﬁﬁ’li%’lilﬂaﬁ]a

o

= g A A A ' 7o ) a ¢ s !
nimhndhadeiulunszgnesu (16-17) Mzmsaii ulumuumueand vouxaanszgnesy
2 o g o v Ao gy ) ¢ a S y A
tostatuunumdiay M ldniianudlaluamsal inavazmsdwiulveslsaderdou (18).
' y A Y
Tagluanzmsnovaussne lsaverdonlussezisuauTY
~ 2 4 A A ] A Ao w ' Y A A
5 limamuiuvesdunaiugumsas s luanandinny lunszgneou Taun neaanau wiah 2

= Y I~ Yy A o
IS aggrecan JINDINITATIN uJuTmaqawmumzwmemm%m

'
Ao ¥ A A

4 1 1 I Y = a = &£ A
FFAANIEANDDUFN W UDNIFAADNAIY (19;20) ﬁTi%?IMLﬁQﬁ%UﬂIﬂi@]Uﬂﬁ1 UBNFUAYUI AD SOX

a = Au YWY o Y A I~ ..
(SRY-type HMG box) ¥HA Sox9 Wuarshdu Idnuee DNA st lwdu transcription factor
Nd1Agy1unIzVIUMS chondrocyte differentiation
10 TagshmihNnuauduiaIugumsas1emsudaIenued ABAATLIU BHAN 2, (Col2) 1Az aggrecan
A dy dy 1 A | 9 A
(21;22) mstdondagvescIipiunszgneouny luszezisuveImulsavadon
=2 Y 4 1 v W Y 9 = A z‘i” A 1 A
dudiadnizgnepueIvs NS udr Inins a519e 5% Tuanaiiunn YN NALNUEIUNYN
Mane uanalagsuudn
o < 1 F) Lg 1 A o A o
mymhmenszannnmsgnadeiulmiluszez ilimsdniuldvesTsnluszezdain

[l
=

= = ti‘ o 9 9 w % Y ti‘ =
15 ﬂﬁqtylﬁ'ﬂﬁ'liﬁf’ﬂmaﬁ]ﬁ‘ﬂ‘ﬂﬁ’ilﬂ‘ﬂ nangy UsznounuIaseasunidene

D.

1 Y Y
= A = A

o a o 4 g a
wihldinamsgadensi wihhveailole msmevessad wazmsgaydaiionszgnldiade

v
=1

a AA ' L. I Ay Ao Y
Aamuan ayu IngIne Ao i, Alpinia galanga (B.L. Burtt) iuiisdugniiidrduilune

a

v
= o <

= Y 19 Ya Y A a9 T Y 1 3 dy Y A <
umdreglaau mhimimaouuaa Uiduniinveuyedus e luminavsavuiaou
1 (=] A v a A A T A A =
ua biamiiounuds Inauneunu dnuisluder luendaeluwu venluSey
Y < Yy 9 @ IS =) = Yy A 3 Y ~ wAa
20 Mulusdlumuiugounu aenilureduiuia wanauduasay Nsaiason Ugaauiang
v A 1 Y 3 A o o Y o a @ Y @
wa¥Inet nue wu Indunaamsiudvesdr 1d, sav lsadmis, udmssnay
Y 1 4 1 A d Y A . A a dy
vagedraunsvate lumsunndunu lne (23;24) dauidumd v3o rhizomes vossyiali
o Y =) Y = @ = Y
gniunlylumsiszneves Tunowedsld naziewens Tuseninesla
= I~ @ Y J A Y .
gndlumsiiuesnu Isate wuneunsoanee ldnanisa319a13 prostaglandin
v o d @ o o o
25 waziinalumsdudaudulad cyclooxygenase-1 and cyclooxygenase-2 (25) UonINHU nsana ludu
[ o 3 = { { o .
acetone YOI EATNTDYIUVIHNTUDN lipopolysaccharide (LPS) Mvzmilenih1iinsans oxidant
Ao o A L. . Y = o &y A a /= =
Wd Ao nitric oxide (NO) 14 (26) Tumsfinyassil desmsNazigninignives
1 Y
msanadiayd lnil e 14 lumsvgadenszurumagniaeveanszgnosy
& = o . . £ A4 A Y a Ja a P
(HOIMINNITH U0 proinflammatory cytokines 91U 13 uden 1% dUwOIAIAU-1 1UA

30 I A A o ya A o = = v 1 oA =% ]
Ll]ufﬂiVILWUEJ’Juﬂ“HLﬂG‘IiJﬂﬁ@ﬂLﬁ‘]J UASANHIDINAUDITIT T NAU meﬂqmﬂummm

| Aq ¥ Y A 1 .
ﬂ1ilﬂuff'liﬂi%ﬁ@\?ﬂ”ﬂ’lilﬁ@ﬂﬁﬁ’]ﬂﬂl@qﬂigﬂﬂ@@u chondroprotective effects
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Tagazdntawaludvesmsadwaszdwylunszgneou (18in aggrecan, Apaauu wiiad 2 ay
= = 1 A o Y Ao ' Yy 1 g t4 Y 1
SOX9) wagdAnwinewaaeasitmrnNhaenszgnoeu Taun 10w laal, pro-MMPs ( 18R proMMPs-
g s A a g A A = A2 A o
1,-3,-13) luadaoulass Inund, isaaoynive ioneeunazany lugsanineiny

A 3 1
N3zUIUMIMIen gniluszauluana uazmsihasanat Il lumssne ae 'l

5 AeT11e31h 38U Lagte

gﬂﬁ 1 LAAINAVOIE1TEANAVT (Alpinia galanga) (A) 1182 Diacerein? (B) AOMINAI s-GAG
1ag HA tj:awmL‘t’:ﬂwﬁaﬁﬂ1ﬂ§uﬂiz@ﬂéauqﬂi
gﬂﬁ 2 UHANHAURIETANAYU (Alpinia galanga) (A) 18 Diacerein? (B) AOMITNAT s-GAG
Iay HA tjmmssﬁmmaﬁ%m chondrosarcoma
10 gﬂﬁ 3 WAUBIATANAU A. alpinia (A), 1A Diacerein? (B) ADMIa314 gelatinase, MMP-2
ag MMP-9
gﬂﬁ 4 HAVOIETANAUT A. galanga AOMSUAAIOONUDIEY Aggrecan, Collagen II, SOX9
iIag MMP-1,-3,-13 °lumfaé/ chondrosarcoma
11]‘17] 5 WAVD4 Diacerein? AOMIHAAIDONVDITU Aggrecan, Collagen II, SOX9 Lag MMP-
15 1,-3,-13 °1umfaé/ chondrosarcoma
gﬂﬁ 6 HAVBIMTANAY A. galanga AOMTUAAIBOAVBIBY MMP-1, -3, -13 Juwad

synovial fibroblast

madamomsilszang laoauysal

Y

ad
anuazIsN1INAaDI

Y

MSA3E cartilage explants HasN1INITAU

Q

20
4 Y v
AB9TUNTZYNBOUYUIN3x3mm. NiA3 o1 1A INNTQNBoY metacarpophalangeal joint

o 7 {
VBINYDIY 20-24 dlam 14 serum-free-DMEM 13 200 units/ml penicillin and 200 ug/ml
. 2 Aa A o, . g o4 2 A &

streptomycin 1Agiagaluan 1zl 5% CO, 1 37°C. NI IAL Funszgn Ma1 24 $a1ug

1 o o I A o
nouhimsnszAu (Taetiuldiilu day 0) udusuimsnszdu

25 2 2 P2 da g g I A g
Tagaearunszgn Iutinasaniansngauiumal 3 Tu uazifiin@es uasFunszgn 11T ILH
o & J & < ' 0 a ¢

(Tagniuidu day 3) ¥iuaes day 0 uaz 3 v 131y -20°C auniezimsinsizr mMsnsedu
A0TMIONAY ﬂizéjuiﬂﬂ Recombinant human interleukin-1 beta (25 ng/ml)
omtlenhldinans haevesnszgn msanainudNdua1e

{ 1 v A Ia A H A 1 <
ldnszquswnuduaesarnu lanududu 6.25 - 10 mg/ml n5e o1laersaunldiy

' Y
30  positive control N5zAUNAMANTU 0.0625- 1 mM NMINARBIAAZATIIZE NMINAREINILANAD
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I 5 VI IHIU 8 Wi
zg’ d‘ dy g‘ dy d‘ a2 a Ia A a A o g’ 9/:3
Funszgnideslnindesi lull Suweesarauluiite minaaeei 3 d1laeldaunszgn
NNHYAUABINY
v , 2
MINZBBuraanszgnooy HUMAN CONDROSARCOMA (SW1353) taziadigoydo
HUMAN SYNOVIAL FIBROBLAST uazmﬁnizifu
v Y
5 ‘ﬁmﬁﬂi%éju Human chondrosarcoma cell line 1@ SW1353 19931910 American Type
Culture Collection (Manassas, VA) AganTanav mmvﬁ’m%’wﬁm (0.001,0.01,0.1,1,10 mg/ml)
' o S i I o
Faufumsnszdu 1HTn1IMIaldneru@Ie 10 mg/ml human recombinant 1L-1[3 11131 24 42 Tug
\ s A Y o Y A A Y A v A g
druadiveydoriu uenin ldnnilemeyde Tasonldn passage 4 tmzidoalu serum-free
o [ o 1
medium taziimsnszquinounulumadnszgnoou

10 msaaszdiszanlnalaailylnanau

a2 Y

a 4 @ a A A dy Lg’ 4
msanszdsza lna lnsiTu lnasaululifen lannmsmiz@essunszgnuazivad
MlaTaely
4 a o
dimethylmethylene blue (DMB) assay BMIATIVAATINHIANMIUTUYOA sulfated
) ax A ¢ ay ..
glycosaminoglycans 1AM uns 1wtz 1% chondroitin sulfate C
15 @Idmanansananizgneoula1naiy shark cartilage extract; Sigma-Aldrich, USA)
1< @ a o o 1
Wuasnasgiu Taonasnnauaisazats DMB ad lUnauiuasuaigiu viea1saednda
WM ’(‘J/ﬂﬂﬁ@ﬂﬂﬁuuﬁﬁﬁ 525 nm lag micro-plate reader spectrophotometer.
minsntaszauleenglsuuu
@ Aa :’ dy J o a 4 an .. . I
szauvedlaog Tsuuuniiogluindsausadaziinisiins1z W 1ae75 competitive inhibition-
v 2
20  based-ELISA muilaiinmsesune 1Aneuniing (27). msnaasalasde 1i1lag
o :’ dy &% ] d‘ 9 a A
inhidsuyaaiedl Ndesnmsasiam Usmm TeergTsuuu nie
@ ] A Yy 9 a A Y o aan v o
msmeduinTuanunduveslaong Tsuuu Usmas 175m Wlnhl§asensun
1@odredumeiy of biotinylated-HA binding proteins (B-HABP) 1311915175 ul Ta8%11015 incubate
g’ Y @ I o 1 a
W1ABLez E1511ATFIUNY B-HABPs (a1 $21ulu 1.5 ml tube now auaslulumwan
25 polypropylene ﬁgﬂmﬁeu“ﬁﬁaﬂ"lamgiuuuu (HA from umbilical cord) 118 block non-specific
.- . I~ o ' A -
binding A28 1% BSA in PBS 1iuia1 1 $alueneuudl Taaduasluu5inas 100 uLiwell
@ a . o . { a I o
Tagnda1niay mixture 89 11118291713 incubagte | guingiiveuumal 1 93T
~ o v ) . .
weasuna liimzasazate lumanoonazmUnanaINATIAY phosphate buffered saline solution
Y
(0.05% Tween-20) INUUNINITIAN anti-biotin peroxidase conjugate (Zymed Lab Inc, San Francisco,
50 CA.USA) NgnivenadInanududu 1:2000 asluUluman U5uas 100 uL/well 11715 incubate
v Y
#1252C for 1 hour ATUNAWAIIIAN INMIUIIMILAY peroxidase substrate 83 11 lumn well (100

uL/well) Tag1@a91n incubate 1 252C 1Huan 20 w1 Mimsngalise1dae 50 ul ¥oa 4 M HSO,

Created with novaPDF Printer (www.novaPDF.com). Please register to remove this message.




¥i11 6 VBIDIUIU 8 HI

MM Taninsganaunaeil 492/690 Ao Titertek Multiskan M340 microplate reader.

o g & o oo
igﬂﬂﬂl@\ﬂ?IﬂTQIiLLuuGluu'lLafNi]ggﬂﬂ'lu’JillWlfJiJﬂiJﬂiW\liJ'lﬁijlu

a d =
NIFUNINCHINIIUAAIOONVDIEYU

MMsana RNA monolayer cells Tﬂﬂcl‘]gf/ﬁlgﬂﬁ’ 1A Aurum total RNA purification kit (Bio-Rad
Y '
. bd o a I~{

5 Laboratories, Hercules, CA) 91011111191 RNA UTanas 500 ng uuafaenulviiilu cDNA Taely
RevertAid " First Strand cDNA synthesis kit (MBI Fermentas, Germany) 1101399011 primers HAg
probe @ msvuuaazsia laoly 1usunsy PrimerExpress 2.0 software (Applied Biosystems, Foster
City, CA, USA) Ty primer nucleotide sequences eonuulananaluasiei 1

Amplified products ‘17]15"1]1ﬂmiﬁ1 PCR %gﬂﬁnn electrophoresed YU 2% (w/v) agarose
10 gels agdioudAe ethidium bromide ‘ﬁmﬁtﬁﬂgﬂ amplified band Ta® Bio-Rad Gel-Doc fluorescent
. o =< 1 9 1 o Y Y . .
image analyzer MIAIUIUDIMANMTUVDUAAE band 11118 Taen13 14 T1511A53 Scion image
{ a J o . .
analysis software TUNABINIAATIZHILHIMS normalized Taoly house-keeping gene GAPDH
4 =
(glyceraldehydes-3-phosphate dehydrogenase) tile 1¥iumsifSeuiieumsuaaseonvosduuuy
' 4
semi-quantitative comparisons 1452A1UUB mRNA #3991 JaNmMseFUemAUnINH (28;29).
15 GELATIN ZYMOGRAPHY
v o 4 o s 1 J & s
ANNUANINUDY Pro-MMP-2 and MMP-9 ‘ﬁgﬂwaqfJaﬂmmmcﬁaamagiumﬁmwaa
o a g . o g‘ Y k4 . ]
WMIMIIATIZH 1ABITNT gelatin zymography (30). Tasms1ininaousaai electrophoresis H1U
sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) Annudutuves acrylamide
. . . { o . .. 4 o
10% 118 0.1 mg/ml of gelatin (Sigma-Aldrich) Tuangilu non-reducing conditions 14°C na991n
20 electrophoresis, Mmnsvda SDS Ju gel TA8A3 rinse A28 50 mM Tris-HCI, 5 mM CaCl,, 1 uM ZnCl,,
Y '
0.02% NaN,, and 2.5% Triton-X 100 (pH 7.5) 910U K13 incubate 1989 37°C 1 incubating buffer
J < . iq- . .
Wunan 18 5214 LLéJ’JngI@mi]aGg‘lJ’JfJ 0.1% Coomassie brilliant blue R250 (Bio-Rad Laboratories,
Hercules, CA) Naza1e1u 50% methanol /10% acetic acid 1% destained A28 10% acetic acid /50%
methanol AMUIYNT gelatinolytic activity Tag 1% Scion image software.
25 NaMINAaeg
@15anAYFY hexane ( A. galanga hexane extract ) @131308UHINSI@ONAAIBVO extracellular
. 9.a oA y
matrix 14BUNszgNRdRY ignnszaulag
: ¢ ' g 2 4
Gl,uﬂ'li‘17]"1]3@]5'Ji]ﬁ'@ﬂﬁ\?i]ﬂ‘ﬁﬂl@\iﬁ'liﬁﬂﬂﬂl'ﬂuﬂ'lifJiJfJ\?ﬂ'lilﬁ@ll?faWﬂ extracellular matrix
1 dyd Y o dy ‘g’ ! Ay .
VINITHYNDIU GlUﬂTiVlﬂa@\?u%\?llﬂVl'lﬂ'li Laﬂwumz@ﬂeauﬂﬂmmﬂwg (cartilage explants)
o A da o 14 Y ¥ o 4 4 cgva <o
30 Gluu'llaﬂiﬂilﬁ"liﬁ'ﬂﬂslﬂ NANUVUVUN N i'JllﬂiJﬁ"li‘VlL‘l’iufJ'Ju'liﬂLﬂﬂﬂ'l'Jﬂ'lim@ﬂLﬁ'U
a sa _a Yy A Y 9 S o Y o
(UMD TAIAU-1 LULAT) NANMUNUY 25 mg/ml L‘].I‘Ll!f)ﬁ'l 33U UAININITATIIN

a A A g 1 (% a
nyaglstianmas luFunszgn IIAUMIATIIN msdsznoulnalawnilu'lng uau (s-GAG)
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o llaf]']@ji!’luu ‘V]E]ﬂlla@ﬂ@@ﬂil']i]']ﬂslfuﬂigﬂﬂinﬂ\?u'llaﬂ\ucﬁaa Gﬁqwaﬂ1iﬂﬂa@\11ﬂllﬁﬂq
ya 1 A & 2 A Y q¥a o Yy A sa A P
Glfl’in’iua'] Lll@Laﬂ\?%‘”ﬂigﬂfﬂ,uﬂ'ng‘Vlllﬂ']iﬂigﬁ]uGh’ﬂﬂ@‘lﬂ']i@ﬂlﬁﬂﬂ?ﬂ@‘hﬂﬁ@ia?ﬂu-1 LU

'
a S A

Y '
Ysmnansaglsia Mmaeed luyunszgnanad agmMINaIves

a3

1552 TuTanafiiluesAllsznouues matrix (ECM) %314UA s-GAG 1Az HA

@

Y k4 E4 ' Y 1]
5 MINFUNIZGNONINGH RSN 50% 1a60% IaIieuil control MNAIA

= Y

llg’ Y { 3 a Ja a 1 o YR 1 {
uasunszgngnaes luan1ziil M duweesarnu-1.wd sawfuasanaiRanududuame @
= A Lg a a d‘ = 1 Lg’
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