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Cartilage erosion in degenerative joint diseases leads to lameness in affected horses. It has been reported that andrographolide
from Andrographis paniculata inhibited cartilage matrix-degrading enzymes. This study aimed to explore whether this compound
protects equine cartilage degradation in the explant culture model and to determine its effect on matrix metalloproteinase-2
(MMP-2) expression, a matrix-degrading enzyme, in equine chondrocyte culture. Equine articular cartilage explant culture was
induced by 25 ng/mL interleukin-1𝛽, a key inducer of cartilage degeneration, in cultures with or without andrographolide ranging
from 10 to 50𝜇M. After 3–21 days, they were analyzed for the markers of cartilage degradation. It was found that interleukin-1𝛽
increased the release of sulfated glycosaminoglycans and hyaluronan from the explants into the culture media consistently with the
decrease in uronic acid and collagen content in the cartilage explants. These catabolic effects were inhibited when cotreated with
interleukin-1𝛽 and andrographolide. In primary equine chondrocytes, andrographolide suppressed interleukin-1𝛽-induced MMP-
2 mRNA expression and MMP-2 activity in the culture medium. These results confirmed the in vitro potent chondroprotective
activities of this compound which were performed in cartilage explants and on a cellular level. These may indicate the application
of andrographolide for therapeutic use in equine degenerative joint diseases.

1. Introduction

Degenerative joint disease (DJD), often called osteoarthritis,
is characterized by the progressive and permanent degra-
dation of articular cartilage [1]. Erosion of cartilage can
cause joint inflammation and pain, decrease mobility, and
reduce performance of athletic humans, dogs, and horses
[2]. DJD is the most common cause of lameness and poor
performance in equines leading to the reason for culling or
early retirement from riding in sports horses [3].This disease
is the result of the metabolic imbalance of cartilage matrix

biomolecules which appears in the degradation exceeding
synthesis [4]. The catabolic effectors, especially interleukin-
1𝛽 (IL-1𝛽), trigger the oversynthesis of matrix metallopro-
teinases (MMPs), the cartilaginous degrading enzymes, in
chondrocytes and the resident synovial cells [5]. These lead
to progressive loss of cartilage matrix biomolecules including
aggrecan, hyaluronan, and collagen [6]. Inhibition of the
mechanism involved in overexpression of these enzymes is
the target for development of antiarthritic drugs [7]. Several
medicinal plants, especially Andrographis paniculata, have
been reported to exert potent anti-inflammatory activity and

Hindawi Publishing Corporation
International Scholarly Research Notices
Volume 2014, Article ID 464136, 8 pages
http://dx.doi.org/10.1155/2014/464136



2 International Scholarly Research Notices

reduceMMPs expression [8–10]. Andrographolide, themajor
active compound of A. paniculata, has been found to protect
against inflammatory process leading to downexpression of
genes involved in an inflammatory cascade [11]. A recent
study in IL-1𝛽-treated human chondrocytes found that this
compound inhibited the expression of MMP-1, MMP-3,
and MMP-13 while increasing the mRNA expression of the
natural inhibitors of these enzymes is called tissue inhibitors
of matrix metalloproteinase (TIMP) via the NF-𝜅B signaling
pathway [12]. These studies led us to suspect that this
effectiveness of andrographolide may implicate protective
activity against cytokine-induced cartilage degradation in
equine. Hence, the present study attempted to investigate
the in vitro protective effects of andrographolide in equine
cartilage explant model and its effects on MMP-2 expression
in chondrocyte cultures. The results of this study could
provide evidence of the chondroprotective potential of A.
paniculata for alternative use in horses with DJD.

2. Materials and Methods

Andrographolide was purchased from Sigma-Aldrich (Prod-
uct number 365645). Diacerein was a charitable gift from
TRB Chemedica (Switzerland). Reagents for explant and cell
culture were from Gibco Cell Culture Media, Invitrogen,
USA. IL-1𝛽 was purchased from R&D Systems, Minneapolis,
Minnesota, USA. All other chemicals utilized were of analyt-
ical grade.

2.1. Cartilage Explant and Chondrocyte Culture Systems.
Specimens of articular cartilage were obtained from horses
which had died within six to eight hours. Equine articular
cartilages were dissected from the weight bearing area of
carpal, hock, and fetlock joints of cadaver legs by using aseptic
technique. This study was approved for use of animals for
scientific purposes and policies by FVM-ACUC on February
1, 2009. Cartilage explantswere applied to amethoddescribed
elsewhere [13]. The explants were incubated in a serum-
free Dulbecco’s modified Eagle’s media (DMEM) containing
200 units/mL of penicillin and 200𝜇g/mL of streptomycin
at 37∘C, 5% CO

2
. After 24 hours of incubation, media were

collected and stored at −20∘C for analysis of the release of
cartilage matrix biomolecules such as hyaluronan (HA) and
sulfated-glycosaminoglycans (s-GAGs) and designated as the
day zero samples. To investigate the effect of andrographolide
on the release of HA and s-GAGs into the culture medium,
the explants were treated for three days with 25 ng/mL of the
recombinant human IL-1𝛽 to induce cartilage degradation in
the absence or presence of andrographolide at the concentra-
tions ranging from 10 to 100 𝜇M. The three-week treatment
period was conducted to analyze the remaining UA and
collagen in the explant tissues. Treatments were performed
in triplicate using tissue from one animal donor. At the end
of the incubation, themedia and explants were harvested and
stored at −20∘C for analysis of the matrix degradation.

Equine chondrocyteswere isolated by overnight digestion
with collagenase (Sigma-Aldrich, type IA) in cartilage at
37∘C. The cells were washed with PBS and grown in DMEM

containing 10% fetal craft serum as high-density primary
monolayer cultures until confluence. The equine chondro-
cytes at passage three were maintained in serum-free DMEM
for 24 hours prior to cotreatment with a range of 10 to 90𝜇M
of andrographolide together with 5 ng/mL recombinant IL-
1𝛽 for 24 hours to investigate the messenger RNA (mRNA)
expression ofMMP-2.The culturemediumwas kept at−20∘C
for gelatinolytic activity assay.

2.2. Evaluations for the Markers of Cartilage Matrix Degra-
dation. In the explant model, degradation of the cartilage
matrix was investigated using the method clearly reported
by Chaiwongsa et al. [14]. The release of s-GAGs and
HA in the media was analyzed by dimethylmethylene blue
(DMMB) assay and competitive inhibition-based enzyme-
linked immunosorbent assay (ELISA), respectively. The
explantswere digestedwith papain prior to the determination
of UA content by colorimetric assay. Hydroxyproline assay
was used for collagen content analysis in the explants. Briefly,
a portion of papain-digested samples was further hydrolyzed
with 6N HCl at 90∘C for 14 hours then 60∘C for 24 hours.
Samples (50 𝜇L) were combined with 50𝜇L of the freshly
prepared oxidizing solution for five minutes of incubation
at room temperature. They were mixed with 100 𝜇L Ehrlich’s
reagent prior to incubation for 45min at 60∘C. Samples were
extrapolated against hydroxyproline standards at the concen-
tration range of 0 to 10 𝜇g/mL. Absorbance of the mixtures
was determined at 540 nmusing theTitertekMultiskanM340
multiplate reader.

2.3. Assays forMMP-2 Activity. The assay forMMP-2 activity
in the conditionedmediumby electrophoretic gelatin zymog-
raphy was conducted as previously described [15]. The sam-
pleswere subjected to sodiumdodecyl sulfate polyacrylamide
gel electrophoresis using a 10% acrylamide gel containing
0.1mg/mL of gelatin under nonreducing conditions. After
electrophoresis, the gel was incubated at 37∘C in the incubat-
ing buffer (50mMTris-HCl, 10mMCaCl

2
, 50mMNaCl, and

0.05% Brij35, pH 7.6) for 16 hours. Following incubation, the
gel was stained with 0.1% Coomassie brilliant blue R250 in
50% (v/v) methanol/10% (v/v) acetic acid and destained with
50% (v/v) methanol/10% (v/v) acetic acid until clear bands
over a dark background were observed. The band intensities
of gelatinolytic activity were analyzed by using Scion image
densitometer and analysis software.

2.4. Analysis for MMP-2 mRNA Expression. The level of
MMP-2 mRNA from the harvested equine chondrocytes was
evaluated by reverse transcription-polymerase chain reaction
(RT-PCR) as previously described [16]. Briefly, the total RNA
from the harvested equine chondrocytes was extracted by
an illustra RNAspin Mini Isolation Kit (GE Healthcare).
The evaluation of RNA quality and integrity was conducted
as previously described by Jiang et al. [17]. The ratios of
A260 nm/A280 nm from the extracted RNA were found in
the range of 1.8–2.0, indicating the high purity of the RNA
[18]. Prior to the converse of RNA to cDNA, theRNA integrity
was evaluated as previously described [19]. The intact 28S
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and 18S subunits of ribosomal RNA were detected in the
agarose denaturing gel with the approximate ratio 2 : 1 (data
not shown).

First-strand complementary DNA (cDNA) was synthe-
sized from total RNA using the RevertAid H Minus First
Strand cDNA Synthesis Kit (Fermentas). PCR primers for
equine MMP-2 were designed based on the nucleotide
sequence of Equus caballus cDNA (XM 001493281.2). The
primers used for RT-PCRwere as follows: forward primer: 5-
CAGATCACATACAGGATCATCG-3, reverse primer: 5-
GTCGGCGTTGCCATACTTCACA-3 size 321 bp, GAPDH
(NM 001163856.1) forward: 5-TGGTATCGTGGAAGGAC-
TCAT-3 and reverse: 5-GTGGGTGTCGCTGTTGAAGT-
C-3 size 370 bp. The amplification was performed for 35
cycles and each cycle consisted of denaturing for 45 seconds
at 95∘C, annealing for 60 seconds at 60∘C, and extending
for 90 seconds at 70∘C. The PCR products were subjected
to 1.5% agarose gel electrophoresis. The negative control
samples, the absent template sample, and the absent reverse
transcriptase sample were performed in parallel. The primer
dimer complex was not detectable in the PCR conditions
of the present study (data not shown). Quantitative data
normalized to GAPDH were obtained using a Scion Image
software for PC (Scion Corporation), working in the Gel Plot
2 mode.

2.5. Cytotoxicity Assay. The toxicity effects of andrograph-
olide on the cartilage explant system were determined by
colorimetric assay, based on the measurement of lactate
dehydrogenase (LDH) activity in the culture medium [14].
The culture media of cartilage explants were conducted
according to themanufacturer’s instruction by comparing the
amount of LDH in the samples with the untreated control.
The explants treated with 10mM H

2
O
2
were used as the

positive control.
The cytotoxicity of andrographolide to equine chon-

drocytes was evaluated by using MTT dye-based cell
proliferation and viability assay system according to the
instructions of the manufacturer (Calbiochem), as previ-
ously described [20]. Yellow (3-(4,5-Dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium) bromide) (MTT) was reduced by
mitochondrial dehydrogenases in living cells to purple for-
mazan. Briefly, the equine chondrocytes (at a density of
10,000 cells/well) were cultured in the presence or absence
of various concentrations of andrographolide for 24 hours.
Then, 10 𝜇L of MTT (5mg/mL) was added, and cells were
incubated at 37∘C for four hours. At the end of the incubation
period, the medium was discarded and cells were washed
with PBS; then 100 𝜇L DMSO/well was added to the 96-well
plate to solubilize the formazan crystals, followed by utilizing
a microplate reader. The percentage of viable cells/well was
estimated by the following calculation:

Viability cells (%)

= {
(Absorbance of treated)

(Absorbance of control or untreated)
× 100} .

(1)

Statistical Analysis. All statistical analyses were performed
by using Program R software. Data were expressed as

means ± SD of triplicate independent experiments. Statis-
tically significant values were compared by using one-way
analysis of variance (ANOVA). Values of 𝑃 < 0.05 were
considered significant.

3. Results

3.1. Effect of Andrographolide on Viability of Equine Chondro-
cytes in the Systems of Primary Cells Culture and Cartilage
Explant Culture. Cytotoxicity assayswere conducted in order
to evaluate whether andrographolide exerts cytotoxicity
effect on equine chondrocytes which performed in the con-
ditions of primary cell culture and cartilage explant culture
systems. MTT assay, the colorimetric assays based on the
reducing potential of the viable cells [20], was used to evaluate
the primary culture of the equine chondrocytes. Figure 1(a)
illustrates that the concentration range of andrographolide
from 0.1 to 100 𝜇M did not reduce the ability of the cells
to metabolize tetrazolium salts. This finding suggested that
this concentration range of andrographolide did not interfere
with the viability of the primary chondrocytes equine culture.
In the cartilage explant culture system, the release of lactate
dehydrogenase (LDH) from the damaged cells of the cartilage
was investigated using LDH activity assay [21]. As shown in
Figure 1(b), neither the explant cultures treated with IL-1𝛽
nor the cotreatment of IL-1𝛽 with andrographolide at the
concentration up to 100𝜇M showed any significant changes
of the LDH activity compared to the control. The significant
release of LDH was demonstrated in the positive control
groupwhich was treated by 10mMH

2
O
2
.The concentrations

of andrographolide within this range were therefore selected
throughout the study.

3.2. Andrographolide Exerted Chondroprotective Activities
against IL-1𝛽-Induced Cartilage Degradation in Equine Carti-
lage Explant Culture Model. IL-1𝛽, one of the proinflamma-
tory cytokines, triggers the onset of cartilage degradation by
upregulating the expressions of catabolic enzymes, leading to
the loss of biomolecules from the cartilage tissue, especially
aggrecan, hyaluronan (HA), and collagen [22]. The present
study demonstrated the in vitro protective effects of andro-
grapholide on IL-1𝛽-induced equine cartilage degradation
as shown in Figure 2. The equine cartilage explants were
cultured in the conditioned media containing IL-1𝛽, in the
presence or absence of andrographolide. After three days
of incubation, the culture media were evaluated for the
markers of cartilage degradation such as HA and s-GAGs, a
carbohydrate part of aggrecan molecule. The result showed
a dramatic increase in the levels of s-GAGs and HA in the
culture media of the IL-1𝛽 treated explants compared to
the control. Andrographolide at the doses of 25 and 50𝜇M
significantly suppressed the release of s-GAGs and HA in a
dose-dependent manner (Figure 2).

Parallel to the investigation of cartilage biomolecules
which were released into the culture medium, the cartilage
explant depletion induced by IL-1𝛽 was also analyzed by
quantitative determination of the remaining collagen and
uronic acid (UA), the monosaccharide monomer of s-GAGs
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Figure 1: The effect of andrographolide on equine chondrocytes viability. MTT assay and LDH assay were performed in equine primary
cell cultures (a) and in equine cartilage explant cultures, respectively (b). The equine chondrocytes were incubated for 24 hours with
andrographolide (0.1 to 100 𝜇M), control, and vehicle control (0.1% DMSO in DMEM). The viability of the cells was determined using the
MTT assay. The cell viability was expressed as a percentage relative to the control. The bar graphs were expressed as the mean ± SD of three
independent experiments. In the equine cartilage explant culture system, the equine cartilage explants were left untreated as the control or
treated with IL-1𝛽 (25 ng/mL) with or without andrographolide (12.5 to 100 𝜇M), respectively. After three days of the treatment period, the
culture media were analyzed for LDH release. The results were expressed as a percentage relative to the control. Data were expressed as the
mean ± SD of three independent experiments. The significant differences were tested by one-way ANOVA at 𝑃 < 0.001 (∗∗).
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Figure 2: Andrographolide inhibited the release of s-GAGs and
HA from equine cartilage explants culture induced by IL-1𝛽. The
equine cartilage explants were cultured in the conditioned media
containing IL-1𝛽 (25 ng/mL), with or without andrographolide (10
to 50 𝜇M), or left untreated as the control. After three days of the
treatment period, the culture medium samples levels of s-GAGs
and HAwere measured by DMMB assay and competitive inhibition
ELISA assay, respectively. Datawere expressed asmean± SDof three
independent experiments.The significant differences were tested by
one-way ANOVA at 𝑃 < 0.05 (∗, #). Significant different from the
control (∗) and IL-1𝛽 treated group (#), respectively.

of cartilage matrix. The equine cartilage explants were cul-
tured in the conditioned media containing 25 ng/mL IL-1𝛽
in the presence or absence of different concentrations of
andrographolide. After 21 days of incubation, the explant
tissues were harvested and digested with papain prior to
determination for the remaining of collagen and UA. As
shown in Figure 3, the decrease in remaining content of
UA and collagen in the explants culture treated with IL-
1𝛽 indicated the enormous loss of these cartilage matrix
biomolecules. In the culture wells cotreated with IL-1𝛽 and
andrographolide, it was found that andrographolide was able
to counteract the destructive effect of IL-1𝛽 on the cartilage
tissues as indicated by the dose-dependent increase in the
content of both UA and collagen (Figure 3).

3.3. Andrographolide Suppressed IL-1𝛽-Induced MMP2
Expression in Primary Equine Chondrocyte Culture. On
the cellular level of equine chondrocyte, we demonstrated
the suppressive effect of andrographolide on expression of
MMP-2, one of the catabolic enzymes involved in cartilage
degradation, by using semiquantitative RT-PCR technique.
The primary equine chondrocytes were incubated with IL-1𝛽
in the presence or absence of different concentrations of
andrographolide for 24 hours. Diacerein, the antiarthritic
agent, was parallel treated as the positive control [7]. The
increase in of MMP-2 activity in the culture media which
was analyzed by gelatin zymography was found to increase
in the IL-1𝛽 treated condition when compared to the control
(Figure 4(a)). This effect was decreased when cotreated with
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Figure 3: Andrographolide protected the loss of collagen and
uronic acid from cartilage explant tissues induced by IL-1𝛽. The
equine cartilage explants were cultured in the conditioned media
containing IL-1𝛽 (25 ng/mL), with or without andrographolide (10
to 50𝜇M), or left untreated as the control. After 21 days of treatment
period, the cartilage tissues were digested with papain and levels of
collagen and UA were measured by colorimetric assays. The results
were expressed as a percentage relative to the control. Data are
expressed as mean ± SD of three independent experiments. The
significant differences were tested by one-way ANOVA at 𝑃 < 0.05
(∗, #). Significant difference from the control (∗) and IL-1𝛽 treated
group (#), respectively.

andrographolide or diacerein. These results are consistent
with the expression of MMP-2 gene (Figures 4(b) and
4(c)). IL-1𝛽 caused a dramatic increase in MMP-2 mRNA
which was significantly suppressed by andrographolide and
diacerein at 90 𝜇M.

4. Discussion

Articular cartilage damage is the most common phenomena
in osteoarthritis and rheumatoid arthritis. The deterioration
of cartilage causes pathology and disability in humans and
animals. The mechanism of action is involved in the upreg-
ulation of proinflammatory cytokines synthesis in chondro-
cytes and synoviocytes, especially IL-1𝛽 and TNF-𝛼 [23,
24]. These catabolic factors interfere in extracellular matrix
turnover by accelerating the degradation of cartilage matrix
via promotion of the metalloproteinases production such as
matrix metalloproteinases (MMPs) and a disintegrin metal-
loproteinases (ADAMs) [25, 26]. These lead to an increase in
degradation and release of matrix degradation products from
the cartilage such as hyaluronan, proteoglycans, and collagen
[27]. Hyaluronan, also called hyaluronic acid (HA), is a long-
chain linear heteropolysaccharide classified as nonsulfated
glycosaminoglycan. Aggrecan, the major proteoglycan of
cartilage extracellular matrix, consists of about a hundred
chains of heteropolysaccharide which mostly are sulfated
glycosaminoglycan (s-GAGs) per a core protein. The gly-
cosaminoglycan chains of HA and aggrecan share a similarity
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Figure 4: Inhibitory effect of andrographolide on MMP-2 activity
and gene expression in equine chondrocyte culture induced by
IL-1𝛽. The primary equine chondrocytes were cultured in the
conditioned media containing IL-1𝛽 (5 ng/mL), with or without
andrographolide (10 to 90 𝜇M), or left untreated as a control. After
24 hours of treatment, the culture medium samples were analyzed
for MMP-2 activity by gelatin zymography (a). The numbers above
the lanes indicate the fold changes of the enzyme activity compared
to the control. The expression of MMP-2 messenger RNA (mRNA)
of was performed in the collected cells by semiquantitative RT-PCR;
(b) the representative images of agarose gel electrophoresis; (c) the
bar graphs indicating relative expression of MMP-2 gene expression
as fold change compared to the control.The bar graphs are expressed
as mean ± SD of three independent experiments. The significant
differences were tested by one-way ANOVA at 𝑃 < 0.05 (∗, #).
Significant differences from the control (∗) and IL-1𝛽 treated group
(#), respectively.

of disaccharides repeating units which are composed of
uronic acid sugars (UA) and amino sugars [28]. A large
numbers of aggrecan monomers aggregated with a long
chain hyaluronan, embedded in the collagen network of
cartilage matrix, leading to stabilization of the cartilage
matrix integrity and its biological role [29]. Therefore, the
rapid destruction of the cartilage matrix over the repair
synthesis leads to losing the matrix components and tissue
functions.

The present study demonstrated the great elevation of
hyaluronan and s-GAGs in the culture medium of the IL-1𝛽
treated group concomitantly with the significant reduction of
collagen and UA content in the equine cartilage explants. In
cotreatment of IL-1𝛽 with diacerein, an antiarthritic agent,
both these markers of cartilage degradation were decreased
(data not shown). Our results indicated that the in vitro
systemof equine cartilage explant degradation induced by IL-
1𝛽 was able to work properly, similar to the previous reports
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[14, 30]. Based on the results of this study, andrographolide
clearly opposed the effects of IL-1𝛽-induced equine cartilage
explants degradation by reducing the release of s-GAGs and
HA, consistent with protecting the loss of collagen and UA.
Interestingly, andrographolide at 50𝜇Mwas likely to enhance
the remaining content of collagen and UA over the control.
This may suggest that the compound has effects on synthesis
of cartilage biomolecules including collagen, aggrecan, and
hyaluronan. Nevertheless, the further investigation is needed
to be clearly elucidated before conclusion. In chondrocytes
culture model, andrographolide demonstrated the inhibitory
effect of IL-1𝛽-inducedMMP-2 mRNA expression. Although
the protein level of MMP-2 was not conducted, activity
of this enzyme elevated by IL-1𝛽 was clearly reduced by
andrographolide. Further study the effect of this compound
on MMP-2 posttranslational modification which regulated
by membrane-type matrix metalloproteinase-1 and tissue
inhibitor of metalloproteinase-2 [31] are interested to be
explored. Interestingly, the lower doses of andrographolide
appeared to significantly suppress cartilage degrading param-
eters in cartilage explant model compared to those of andro-
grapholide which was required for powerful downregulation
of MMP2 expression in primary chondrocyte culture. These
suggest that chondrocytes in the intact explant culture and
in monolayer culture may exhibit some different response to
this compound.

Although MMP-2 is not proposed to play a key role
in arthritic cartilage degradation, high level of this enzyme
was found in synovial fluid of horses with aseptic joint
disease and septic arthritis. It was decreasedwhen the affected
horses were successfully treated [32]. It has been reported
that the potent stimulators of cartilage degradation such
as IL-1𝛽 and TNF-𝛼 upregulated MMP-2 gene expression
by selectively inducing mitogen-activated protein kinase
(MAPK) signaling pathway via MKK3/6-p38, leading to
phosphorylation of the activating transcription factor 2 (AP-
2)which consequentlymediated transcriptional processing of
MMP-2 gene [33, 34]. Recently, it has been demonstrated that
p38 inhibitors suppressed joint degeneration in animalmodel
of osteoarthritis [35]. In addition, the recent study reported
that andrographolide suppressed expressions of MMP-1,
MMP-3, and MMP-13 in IL-1𝛽 stimulated osteoarthritic
human chondrocyte culture via NF-kB signal transduction
[12]. Consistent with previous studies, these implied that
andrographolide has strong chondroprotective activities by
suppressing MMPs expression via both main signal trans-
duction pathways of IL-1𝛽. Nevertheless, the further study
to evaluate the effect of andrographolide on IL-1𝛽-induced
signals transduction associated with MMP-2 expression in
chondrocyte is still required.

Andrographolide, a diterpene lactone, is the major active
constituent of A. paniculata. It has been shown to have anti-
inflammatory activity by suppressing synthesis and activ-
ities of proinflammatory cytokine such as IL-1𝛽, TNF-𝛼,
IL-6, IL-10, and COX systems [36–38]. Enhancement of
cytokines synthesis consequently provokes genes associated
with pathologies in many diseases including rheumatoid
arthritis and osteoarthritis [39–41]. It has been reported
that the extract of A. paniculata which contained 30%

andrographolide relieved rheumatoid arthritis symptoms
[9]. It was proposed that the compound may suppress the
inflammatory process in rheumatoid arthritis via AP-1 and/or
STAT3 modulation. Taken all together, we hypothesize that
andrographolide may also relieve joint inflammation and
exert chondroprotection against cytokines induction via sev-
eral intracellular signaling includingNF-kB andMAPKpath-
ways.The above-mentioned effects of andrographolide result
in the decrease of several target genes which are involved
in cartilage degradation, especially the matrix metallopro-
teinases family. The further experimental chondroprotective
tests of andrographolide in animal models will be investi-
gated including its effects on activation of cartilage matrix
biosynthesis. These will provide more important scientific
evidence for supporting the chondroprotective potential of
andrographolide.

5. Conclusions

The present study demonstrated the potent chondroprotec-
tive activities of andrographolide in equine cartilage explants
model.These resultswere supported by the suppressive effects
of this compound on IL-1𝛽-induced MMP-2 expression
in equine chondrocyte cultures. As a result, we may also
presume that the involved mechanisms were not only via
suppression of MMP-2 expression, but also via other MMPs
which are involved in cartilage degradation at the cellular
level, leading to diminished degradation of equine cartilage
explants which were induced by IL-1𝛽. These may suggest
the alternative use of A. paniculata as antiarthritic agent for
degenerative joint diseases in horses and other animals.

Conflict of Interests

The authors declare that there is no conflict of interests
regarding the publication of this paper.

Authors’ Contribution

Siriwan Tangyuenyong and Nawarat Viriyakhasem con-
tributed equally to this work.

Acknowledgments

The research was partially supported byThe Young Research
Grant from Chiang Mai University and Thailand Excellence
Center for Tissue Engineering and Stem Cells, Faculty of
Medicine, Chiang Mai University. PERCH-CIC and the
Faculty of Veterinary Medicine, Chiang Mai University, are
gratefully acknowledged.The authors gratefully acknowledge
the assistance of Associate Professor Dr. Ampai Panthong in
editing the paper.

References

[1] S. Krasnokutsky, J. Samuels, and S. B. Abramson, “Osteoarthritis
in 2007,” Bulletin of the NYU Hospital for Joint Diseases, vol. 65,
no. 3, pp. 222–228, 2007.



International Scholarly Research Notices 7

[2] P. Lees, “Pharmacology of drugs used to treat osteoarthritis in
veterinary practice,” Inflammopharmacology, vol. 11, no. 4–6, pp.
385–399, 2003.

[3] L. Wallin, E. Strandberg, J. Philipsson, and G. Dalin, “Estimates
of longevity and causes of culling and death in Swedish warm-
blood and coldblood horses,” Livestock Production Science, vol.
63, no. 3, pp. 275–289, 2000.

[4] L. R. Goodrich and A. J. Nixon, “Medical treatment of
osteoarthritis in the horse—a review,” The Veterinary Journal,
vol. 171, no. 1, pp. 51–69, 2006.

[5] M. B. Goldring and K. B. Marcu, “Cartilage homeostasis in
health and rheumatic diseases,” Arthritis Research & Therapy,
vol. 11, no. 3, p. 224, 2009.

[6] M. Kobayashi, G. R. Squires, A. Mousa et al., “Role of
interleukin-1 and tumor necrosis factor 𝛼 inmatrix degradation
of human osteoarthritic cartilage,” Arthritis and Rheumatism,
vol. 52, no. 1, pp. 128–135, 2005.

[7] M. Yaron, I. Shirazi, and I. Yaron, “eAnti-interleukin-1 effects of
diacerein and rhein in human osteoarthritic synovial tissue and
cartilage cultures,” Osteoarthritis and Cartilage, vol. 7, no. 3, pp.
272–280, 1999.

[8] B.-F. Lin, W.-W. Chao, Y.-H. Kuo, and S.-L. Hsieh, “Inhibitory
effects of ethyl acetate extract of Andrographis paniculata
on NF-𝜅B trans-activation activity and LPS-induced acute
inflammation in mice,” Evidence-Based Complementary and
Alternative Medicine, vol. 2011, Article ID 254531, 9 pages, 2011.

[9] R. A. Burgos, J. L. Hancke, J. C. Bertoglio et al., “Efficacy of an
Andrographis paniculata composition for the relief of rheuma-
toid arthritis symptoms: a prospective randomized placebo-
controlled trial,” Clinical Rheumatology, vol. 28, no. 8, pp. 931–
946, 2009.

[10] C.-Y. Chao, C.-K. Lii, Y.-T. Hsu et al., “Induction of heme
oxygenase-1 and inhibition of TPA-induced matrix metal-
loproteinase-9 expression by andrographolide in MCF-7
human breast cancer cells,” Carcinogenesis, vol. 34, no. 8, pp.
1843–1851, 2013.

[11] W. Parichatikanond, C. Suthisisang, P. Dhepakson, and A.
Herunsalee, “Study of anti-inflammatory activities of the pure
compounds from Andrographis paniculata (burm.f.) Nees and
their effects on gene expression,” International Immunopharma-
cology, vol. 10, no. 11, pp. 1361–1373, 2010.

[12] Q.H.Ding, X.W. Ji, Y. Cheng, Y. G. Yu, Y. Y.Qi, andX.H.Wang,
“Inhibition of matrix metalloproteinases and inducible nitric
oxide synthase by andrographolide in human osteoarthritic
chondrocytes,” Modern Rheumatology, vol. 23, no. 6, pp. 1124–
1132, 2013.

[13] T. Phitak, K. Choocheep, P. Pothacharoen, W. Pompimon, B.
Premanode, and P. Kongtawelert, “The effects of p-hydroxy-
cinnamaldehyde fromAlpinia galanga extracts on human chon-
drocytes,” Phytochemistry, vol. 70, no. 2, pp. 237–243, 2009.

[14] R. Chaiwongsa, S. Ongchai, S. Tangyuenyong, P. Kongtawelert,
A. Panthong, and V. Reutrakul, “Chondroprotective potential
of bioactive compounds of Zingiber cassumunar Roxb. against
cytokine-induced cartilage degradation in explant culture,”
Journal of Medicinal Plants Research, vol. 6, no. 39, pp. 5204–
5213, 2012.

[15] D. E. Kleiner and W. G. Stetler-Stevenson, “Quantitative
zymography: detection of picogram quantities of gelatinases,”
Analytical Biochemistry, vol. 218, no. 2, pp. 325–329, 1994.

[16] J. Bondeson, S. D. Wainwright, S. Lauder, N. Amos, and C. E.
Hughes, “The role of synovial macrophages and macrophage-
produced cytokines in driving aggrecanases, matrix metallo-
proteinases, and other destructive and inflammatory responses
in osteoarthritis,” Arthritis Research and Therapy, vol. 8, article
R187, 2006.

[17] Z. Jiang, C. E. Uboh, J. Chen, and L. R. Soma, “Isolation of RNA
from equine peripheral blood cells: comparison of methods,”
SpringerPlus, vol. 2, article 478, 2013.

[18] J. A. Glasel, “Validity of nucleic acid purities monitored by
260nm/280nm absorbance ratios,” BioTechniques, vol. 18, no. 1,
pp. 62–63, 1995.

[19] S. Fleige and M. W. Pfaffl, “RNA integrity and the effect on
the real-time qRT-PCR performance,” Molecular Aspects of
Medicine, vol. 27, no. 2-3, pp. 126–139, 2006.

[20] T. Mosmann, “Rapid colorimetric assay for cellular growth and
survival: application to proliferation and cytotoxicity assays,”
Journal of Immunological Methods, vol. 65, no. 1-2, pp. 55–63,
1983.

[21] T. Decker and M.-L. Lohmann-Matthes, “A quick and simple
method for the quantitation of lactate dehydrogenase release in
measurements of cellular cytotoxicity and tumor necrosis factor
(TNF) activity,” Journal of Immunological Methods, vol. 115, no.
1, pp. 61–69, 1988.

[22] T. Aigner, S. Soeder, and J. Haag, “IL-1𝛽 and BMPS—interactive
players of cartilagematrix degradation and regeneration,” Euro-
pean Cells and Materials, vol. 12, pp. 49–56, 2006.

[23] C. Melchiorri, R. Meliconi, L. Frizziero et al., “Enhanced
and coordinated in vivo expression of inflammatory cytokines
and nitric oxide synthase by chondrocytes from patients with
osteoarthritis,” Arthritis and Rheumatism, vol. 41, no. 12, pp.
2165–2174, 1998.

[24] P. Wojdasiewicz, Ł. A. Poniatowski, and D. Szukiewicz, “The
role of inflammatory and anti-inflammatory cytokines in the
pathogenesis of osteoarthritis,”Mediators of Inflammation, vol.
2014, Article ID 561459, 19 pages, 2014.

[25] J. L. Kamm,A. J.Nixon, andT.H.Witte, “Cytokine and catabolic
enzyme expression in synovium, synovial fluid and articular
cartilage of naturally osteoarthriticequine carpi,” Equine Veteri-
nary Journal, vol. 42, no. 8, pp. 693–699, 2010.

[26] E. Busschers, J. P. Holt, and D. W. Richardson, “Effects of
glucocorticoids and interleukin-1𝛽 on expression and activity
of aggrecanases in equine chondrocytes,” American Journal of
Veterinary Research, vol. 71, no. 2, pp. 176–185, 2010.

[27] G. Stabellini, M. de Mattei, C. Calastrini et al., “Effects
of interleukin-1𝛽 on chondroblast viability and extracellu-
lar matrix changes in bovine articular cartilage explants,”
Biomedicine&Pharmacotherapy, vol. 57, no. 7, pp. 314–319, 2003.
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