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I. Introduction

OA is a common degenerative joint disease following joint trauma and aging
in elderly population, characterized by articular cartilage destruction, subchondral
bone remodeling, pain, and osteophyte formation [1,2]. At the molecular level,
the multifactorial pathogenesis of OA is related to oxidative and nitrosative stress
by overproduction of ROS and RNS, inflammation by increased expression of
inflammatory mediators, and cartilage matrix degradation by cartilage-degrading
enzymes and inflammation [3]. In particular, cartilage matrix degradation by
inflammation is known as the main cause [3]. Inflammation represents critically
important responses of the host defense mechanism, which protects against
endogenous and/or exogenous stimuli, however, excessive or persistent
inflammation leads to chronic disease, including inflammatory arthritis, asthma,
and multiple sclerosis [4]. IL-1(3, a pro-inflammatory cytokine, is one of the
potent inducers that accelerates the development of OA through releasing of
cartilage degrading enzymes and inflammatory mediators, such as MMPs,
ADAMTS, NO, and PGE, [5]. Elevated levels of IL-183 have been found in the
synovial fluid and cartilage tissue of OA patients [6]. Among these
matrix-degrading enzymes, the MMPs family plays a central role in -cartilage
degradation in OA [7]. In particular, MMP-13 is key player in the catabolic
processes of OA. It not only hydrolyzes COL2A1 and aggrecan, which are
essential constituents of the ECM of articular cartilage, but also degrades
proteoglycan, collagent type IV and type IX, osteonectin and perlecan of cartilage
ECM [8-10]. Clinical investigation revealed that patients with articular cartilage
destruction have high MMP-13 expression, and other studies shown that
MMP-13-overexpressing transgenic mice develop a spontaneous OA-like articular
cartilage destruction phenotype [10-12]. In addition, ADAMTS-4 and -5, further
key enzymes of ECM degradation, decompose aggrecan [13]. The degradation

products of COL2A1 and aggrecan induce activation of synoviocytes and release
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catabolic ~ factors, resulting in promoting the paracrine secretion of
pro-inflammatory cytokines and MMPs into the synovial fluid [14,15]. These
repetitive  vicious cycles of inflammation and catabolism cause cartilage
degradation, proteoglycan loss, and neuropathic pain, resulting in uncomfortable
motility.

Currently, for symptomatic relief of OA, including controlling pain and
improving the movement, NSAIDs and analgesics as pharmacological drugs, or
joint replacement surgery are commonly used [16,17]. However, long-term use of
these drugs leads to side effects such as gastrointestinal toxicity and weakened
kidney function, rather than slowing down or reversing the progression of OA
[16]. Nutraceuticals, such as glucosamine and chondroitin sulfate, have also been
used to relieve OA symptoms [18,19]. However, recent studies on the latter have
reported that it is not effective, either alone or combination with glucosamine, for
therapeutic effects in humans [19,20]. Therefore, it is necessary to find new
drugs that can delay OA progression or alleviate symptoms, and there have been
recent efforts to identify candidates in traditional medicinal plants [3,7,21,22]. The
reason is that they can produce bioactive components including various acidic and
phenolic compounds, have minimal side effects, are easily consumable, and
cheaper [3,11]. Musumeci et al identified the beneficial effect of extra-virgin
olive oil through the increase expression of Iluburicin, which is a
chondroprotective glycoprotein, on ACLT surgery-induced degenerative articular
cartilage in rats [23]. In addition, they reported that oleic acid, which accounts
for 78% of extra-virgin olive oil, inhibits ROS produced by exhaustive exercise,
leading to rapid recovery of damaged muscle tissues in rats [24]. As described
above, studying various mechanisms with natural substances and demonstrating the
anti-arthritic effect, which can increase the possibility of development of
anti-osteoarthritic, its usefulness is very high.

Anthriscus sylvestris (L.) Hoffm. (Apiaceae) is a wild perennial plant which

grows in hedges, road verges, and neglected pastures in Europe, Asia, and New
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Zealand [25,26]. A. sylvestris has been used in traditional medicine, for example
as an antipyretic and to treat coughs and diuretic in Asia [27], to treat headaches
in Ireland and Tunisia [28,29], and to treat rheumatism and other inflammatory
ailments in India [30]. Several studies analyzed the major components in extracts
of the aerial parts of A. sylvestris; major antioxidant components of ethanol
extracts were quercetin and apigenin, and the methanol extracts were
luteolin-7-O-glucoside (cynaroside) and chlorogenic acid [31,32]. However, studies
on the physiological active function of the AE-ASL, which has various
components, have not been reported except for the anti-proliferative, and
antioxidant properties. Therefore, the purpose of this study was to evaluate the
chondroprotective effect and underlying mechanisms in vitro and in vivo to verify

the utility of AE-ASL as an anti-arthritis agent.
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II. Materials and Methods

1. Materials

1.1. Preparation of AE-ASL

Dried A. sylvestris leaves (1 kg), purchased from Heuksando, Republic of
Korea, were ground and extracted in 45.5 volumes of water (v/w) at 90°C for 3
h, followed by filtration utilizing a 55 upm bag filter. The extract was
concentrated in a centrifugal-flow-thin-film vacuum evaporator (Okawara,
Shizuoka, Japan) and lyophilized (CUDDON, New Zealand). The dried extract
(293 g) was dissolved in distilled water (100 mg/mL), and the solution was
filtered through a 0.45 um filter. The extract was stored at —20°C until use. The

yield of the aqueous extract was about 29.3% (w/w).

1.2. Reagent

1.2.1. Cell culture

DMEM, DMEM/F12 and 100 U/mL penicillin and 100 mg/mL streptomycin
solution were purchased from WelGene (Daegu, Republic of Korea). FBS was
purchased from Corning (Corning, NY, USA). Collagenase type I was purchased
from Worthington Biochemical Corp. (Lakewood, NJ, USA).

1.2.2. Efficacy evaluation in cells

IL-18 was purchased from ProSpec-Protein Specialists (Rehovot, Israel).
Sulfanilamide, MTT, LPS, N-(1-naphthyl) ethylenediamine dihydrochloride,
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phosphoric acid, casein, cynaroside, DMMB, and chondroitin were purchased from
Sigma-Aldrich Corp. (St.Louis, MO, USA). The aggrecan ELISA kit and
COL2A1 ELISA kit were purchased from MyBioSource (SanDiego, CA, USA)
and the PGE, ELISA kit was purchased from R&D Systems (Minneapolis, MN,
USA). Primary and secondary antibodies were purchased from Cell Signaling
Technology (Danvers, MA, USA), except for the anti-inducible nitric oxide
synthase (Abcam, Cambridge, MA, USA) and anti-B-actin (AB Frontier, Seoul,
Republic of Korea).

1.2.3. Component analysis of AE-ASL

Methanol, acetonitrile and water of HPLC grade obtained from Fisher
Scientific (Fair Lawn, JN, USA). All other common chemicals and solvents were

analytical reagent grade or HPLC-grade.

1.2.4. Efficacy evaluation in experiment animals

Carrageenan, diclofenac sodium, safranin O, fast green FCF were purchased
from Sigma-Aldrich Corp. (St.Louis, MO, USA). Ethanol and xylene were
purchased from Duksan pure chemical (Gyeonggi-do, Republic of Korea).

2. Methods

2.1. Cell culture

2.1.1. Murine macrophage RAW264.7 and induction of inflammation

Murine macrophage RAW264.7 cells were obtained from the Korea Research
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Institute of Bioscience and Biotechnology (Daecjeon, Republic of Korea). Cells
were cultured in DMEM containing 10% FBS and antibiotics in a humidified
incubator with 5% CO, at 37°C. LPS (0.2 pg/mL) was used to induce
inflammation in RAW264.7 cells.

2.1.2. Rat chondrocytes isolation and induction of inflammation

Five-day-old postnatal Sprague-Dawley rats were sacrificed. Under sterile
conditions, dissected knee cartilage of rats was enzymatically digested with 0.3%
(w/v) collagenase type Il dissolved in DMEM/F12, for 45 min at 37°C with
gently stirring, repeated twice. Thereafter, once again, the cartilage was digested
with 0.3% (w/v) collagenase type II for 5 h at 37°C with gently stirring. Cells
and debris that could not be digested even after the enzymatic digestion reaction
were filtered by cell strainer (0.45 pm), and then chondrocytes were separated.
Chondrocytes were cultured in DMEM/F12 containing 10% FBS and antibiotics
in a humidified incubator with 5% CO, at 37°C. Separated chondrocytes were
seeded in 6-well or 12-well cell culture plates according to the purpose of the
experiment, and further cultured for 3 days for cell stabilization. On the day
before the experiment, the medium was replaced with DMEM/F12 containing 1%
FBS, and cultured for 12 h. and then sample was treated. IL-13 (20 ng/mL) was

used to induce inflammation in chondrocytes.

2.2. Cell viability assay

RAW264.7 cells and isolated chondrocytes were seeded at 1 x 10° cells/mL
in 12-well culture plates, incubated for 12 h and 24 h, respectively, and then
treated with varying concentration of AE-ASL for 24 h. Following incubation,
MTT (0.5 mg/mL) reaction was performed for 4 h, generated formazan was

dissolved in DMSO, and then measured absorbance at 590 nm in a microplate
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reader (Epoch; BioTek Instruments, Winooski, VT, USA). The results was
expressed as the cell viability rate by setting the absorbance of untreated control
cells to 100%. The treated cell viability was calculated using the following

formula:

Means Abs. of the sample — Means Abs. of the blank

Cellviability (%) = Means Abs. of the control — Means Abs. of the blank

X100

2.3. Measurement of nitrite and PGE, production

RAW264.7 cells and isolated chondrocytes were seed at 1 x 10° cells/mL in
a 12-well culture plate. The cells were pretreated with varying concentrations of
AE-ASL (RAW264.7 cells; 10, 25, 50, and 100 pg/mL, Chondrocytes; 0.5, 1,
and 2 mg/mL) for 1 h, and then subsequently cultured with LPS (0.2 pg/mL)
and IL-13 (20 ng/mL), respectively, for 24h. NO production was determined by
measuring the accumulation of nitrite (NO3), the stable oxidation product of NO,
using Griess reagent. In brief, 100 pl of cell culture medium was mixed with
100 ul of Griess reagent [1% sulfanilamide and 0.1% naphthylethylenediamine
dihydrochloride in 2.5% phosphoric acid], and incubated at room temperature for
5 min. The absorbance was measured at 540 nm using a microplate reader
(Epoch Bioteck, Bio-Tek Instruments Inc., Winooski, VT, USA). Fresh culture
medium was used as a blank in every experiment. The quantity of nitrite was
determined in comparison with a sodium nitrite standard curve. The production of
PGE, in the culture medium was quantified using a Parameter™ prostaglandin E,

assay kit, according to manufacturer’s protocol.

2.4. Isolation of total RNA and RT-PCR

Isolation of total RNA was performed using Trizol reagent (GeneAll, Seoul,
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Republic of Korea). RNA (1 pg) was reverse-transcribed using Moloney Murine
Leukemia Virus reverse-transcriptase (Enzynomics, Daejeon, Republic of Korea)
and then amplified by PCR (Applied biosystems®) using specific primers shown
in Table 1. The PCR products were subject to agarose gel electrophoresis to
measure the induction of expression of specific genes. Glyceraldehyde 3-phosphate

dehydrogenase (GAPDH) was used as an internal control for normalization.

Table 1. Specific primer sequences.

Species Gene name Sequence (5°—3°) Size (bp)
F GACCTTTCGCATTAGCATGGAAGC
iNOS 709
R TTGTGCATCGACCTAGGCTGGAA
F GTGAATGCCACCTTCATCCGAGAA
COX-2 320
R CACGCGGTTATGTTCACGAAGCCA
F TGGAACTGGCAGAAGAGGCA
TNF-a 518
v R TGCTCCTCCACTTGGTGGTT
ouse
F GGCAGGCAGTATCACTCATT
IL-13 352
R CCCAAGGCCACAGGTATTT
L6 F TGCAAGAGACTTCCATCCAGTTGC 358
] R CCAGGTAGCTATGGTACTCCAG
F ACTCACGGCAAATTCAACGGCAC
GAPDH 382
R GGACTGTGGTCATGAGCCCTTCCA
F TTCCTCACTGGGACTGCACA
iNOS 323
R AGCCTGGCCAGATGTTCCTC
F ACCATCTGGCTTCGGGAGCACAA
COX-2 576
R GAGGGCTTTCAACTCTGCAGCCA
F TCCTACCCATTGCATGGCAGTGAA
Rat MMP-3 497
R GCATGAGCCAAGACCATTCCAGG
F GGCAAAAGCCATTTCATGCTCCCA
MMP-13 562
R AGACAGCATCTACTTTGTCGCCA
F TGGTGCTGAGTATGTCGTGGAGTC
GAPDH 578
R AGACAACCTGGTCCTCAGTGTAGC
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2.5. Protein isolation and western blot analysis

RAW264.7 cells and isolated chondrocytes were pretreated with AE-ASL for 1
h and stimulated with LPS (0.2 pug/mL) and IL-1B8 (20 ng/mL), respectively, for
24 h. To extract whole intracellular proteins, cells lysed with a PRO-PREP
protein extraction solution (iNtRON Biotechnology, Republic of Korea) were
incubated for 30 min on ice. The supernatants were transferred to new tubes
after centrifugation at 15,000 g for 15 min at 4°C. Cytoplasmic and nuclear
proteins were extracted using NE-PER™ nuclear and cytoplasmic extraction
reagents (Thermo Scientific, IL, USA), according to the manufacturer's
instructions. Protein concentrations in each lysate were quantified using a BCA
protein assay kit (Pierce, Rockford, IL, USA). Proteins (20 pg) were separated by
10%, 12% or 15% SDS-PAGE and then transferred onto PVDF membranes
(Bio-Rad Laboratories, Hercules, CA, USA). The transblotted membranes were
blocked with 5% bovine serum albumin in TBST for 1 h. Subsequently, the
membranes were incubated with specific primary antibodies at 4°C overnight
followed by incubation for 1 h with a HRP-conjugated secondary antibody at
room temperature. The immunoreactive bands were developed using an ECL kit
(Millipore, Bedford, MA, USA) and visualized using a MicroChemi 4.2 imager

(DNR Bioimaging Systems, Jerusalem, Israel).

2.6 Casein zymography

Cultured media (30 pL) was mixed with non-reducing sample buffer (250 mM
Tris-HC1 (pH 6.8), 40% (v/v) glycerol, 8% (w/v) SDS, 0.01% (w/v) bromophenol
blue) and resolved using 8% SDS-PAGE containing co-polymerized casein. After
electrophoresis, gels were placed in PBS containing 2.5% (v/v) Triton X-100 for
30 min gently shaking, and washed with cold PBS for 15 min three times. The
gels were incubated with zymogram renaturing buffer (10 mM CaCl,, 50 mM
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Tris-HC1 (pH 7.6), 0.15 M NaCl) at 37°C for 72 h. After renaturation of the
cartilage-degrading enzymes, gels were stained with 0.1% (w/v) Coomassie
brilliant blue R-250, followed by destaining until clear bands were visible, at
which time they were photographed with a digital camera (G16, Canon, Tokyo,
Japan).

2.7 DMMB assay

To quantify sGAG content, chondrocytes were pretreated with AE-ASL for 1
h, and then subsequently cultured with TL-18 (20 ng/mL) for 24 h. The cultured
media was mixed with DMMB solution (40 mM NaCl, 40 mM Glycine, 46 uM
DMMB) at 1:10, and absorbance measured at 525 nm within 10 min using a
microplate reader. Bovine cartilage chondroitin sulfate was used as a standard

curve for sGAG contents.

2.8. Aggrecan and COL2A1 ELISA analysis

Rat primary chondrocytes were seeded at 1 x 10° cells/mL in 6-well culture
plates. Chondrocytes were pretreated with AE-ASL for 1 h, and then subsequently
cultured with IL-18 (20 ng/mL) for 24 h. After incubation for 24 h, the
supernatant of each sample was collected to assess aggrecan and COL2A1
content, using aggrecan ELISA and COL2A1 ELISA kits respectively, according

to manufacturer’s protocol.

2.9 Alcian blue staining

Rat primary chondrocytes were seeded at 1 x 10° cells/mL in 6-well culture
plates. Chondrocytes were pretreated with cynaroside for 1 h, and then

subsequently cultured with IL-18 (20 ng/mL) for 48 h. After washing with PBS,
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cells fixed with 70% EtOH, and stained with 0.1% Alcian blue 8GX in 0.1 N
Hcl for 6 h at room temperature. After washing with PBS, each well was

photographed with a digital camera (G16, Canon, Tokyo, Japan).

2.10 HPLC analysis

The extract sample was analyzed using a Shimadzu HPLC system equipped
with a photo diode array (PDA) (Shimadzu, Kyoto, Japan). The sample solutions
(1 mg/mL) were separated using a 5C18 MS 1l column (4.6 mm i.d. x 250 mm;
Cosmosil, Japan) at 40°C. The mobile phase was a mixture of two liquids
distributed by the 0.1% TFA/DW (A) and 0.1% TFA/MeCN (B) at a flow rate
1.0 mL/min. The gradient elution program was used as follows: 90% A (0.5
min), 15% A (30 min), 5% A (40 min), 90% A (40.1 min). The injection
volume was 10 pL, and detection was at wavelength of 320 nm. The mass
measurement of compounds (1, 2, and 3) was analyzed using Nexera X2 HPLC
system coupled to LCMS-IT-TOF (Shimadzu, Kyoto) included a CBM-20A
system controller, LC-30AD pump, a SIL-20AC autosampler, a CTO-30A column
oven and a SPD-M30A diode array detector with a Capcell Core C18 Column
(Shiseido, Kyoto, Japan). The gradient program was used with the mobile phase,
combining 0.1% TFA/DW (A) and 0.1% TFA/MeCN (B) as follows: 90% A (0.5
min), 15% A (20 min), 5% A (25 min), 90% A (25.1 min). The parameters
were as follows: flow rate, 0.2 mL/min; injection volume, 5 ul; wavelength, at
320 nm; voltage, 4.50 kV as ESI positive mode; CDL temperature, 200°C; block
heater temperature, 200°C; nebulizer gas flow, 1.5 L/min; ion accumulation time,
10 msec. All data were recorded and analyzed by Shimadzu software; LCMS
solution ver. 3.60, Formula Predictor Ver. 1.2, and Accurate Mass Calculator

(Shimadzu, Kyoto, Japan).
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2.11 In vivo study

2.11.1. Animals

Male Sprague-Dawley rats (8 weeks old) were purchased from Damool
Science (Daejeon, Republic of Korea). They were housed in plastic cages in
temperature (21 = 1°C)- and humidity (55 + 5%)-controlled room with a 12-h
light/dark cycle. Animals were allowed access to water and pellet chow ad
libitum. All animal handling procedures were in accordance with the National

Institutes of Health Guide for the Care and Use of Laboratory Animals [33].

2.11.2. Generation of camrageenan-induced paw edema in rats

All animal care and procedures were controlled and approved by the Chosun
University Institutional Animal Care and Use Committee (CIACUC2017-A0011).
The rats were acclimated for 1 week for environment adaptation before the
experiment. The rats were randomly divided into six groups (n = 4 each): group
1 (normal, 0.9% normal saline), group 2 (paw edema, 0.9% normal saline),
groups 3—5 (paw edema, 50, 100, and 200 mg/kg AE-ASL, respectively), and
group 6 (paw edema, 10 mg/kg diclofenac sodium). The edema was induced by
subcutaneous injection of 0.1 mL of a 1% (w/v) carrageenan type IV suspension
in 0.9% normal saline into the left hind paw 1 h after oral administration of
AE-ASL. The paw thickness was measured in the middle of the paw using a
digital caliper before (time 0) and at different time points (up to 24 h) after
carrageenan  injection, as described previously [34]. The percentage

anti-inflammatory activity (AA%) was calculated using the following formula [34]:

(C,— Co)control— (C,— Co)treated
(C,— Co)control

AA (%) = 100

_12_
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Where,
C; = left hind paw thickness (mm) at time t.
Co = left hind paw thickness (mm) before carrageenan injection.

(C-Co)control = increase in rat paw size after carrageenan injection at time t.

(C-Cop)treated = increase in paw size after carrageenan injection in reference or

test drug-treated rats at time t.

2.11.3. Generation of DMM-induced OA models in rats

All animal care and procedures were controlled and approved by the Chosun
University Institutional Animal Care and Use Committee (CIACUC2016-S0029).
The rats were acclimated for 1 week for environment adaptation before the
experiment. The rats (n = 24) were randomly divided into the following six
groups of four rats each and treated as indicated: Group 1 (Normal), Group 2
(Sham, 0.9% normal saline), Groups 3 (DMM, 0.9% normal saline), Group 4-6
(DMM, 50, 100, and 200 mg/kg body weight, AE-ASL, respectively). For DMM
surgery, rats were anesthetized with 2.5% isoflurane, and underwent surgical
operation to MMTL on the right and left knees to induced OA [35]. For sham
surgery, MMTL was visualized but not transected. The day after the DMM
surgery, AE-ASL groups were orally administered with AE-ASL (50, 100, and
200 mg/kg) daily for 8 weeks and the OA and sham group were orally

administered saline. All rats were sacrificed the day after the final administration.

2.11.4. Histology analysis and score

Knee joint samples were fixed in 10% neutral buffered formalin, decalcified
with 0.5 M EDTA (pH 7.4), dehydrated through a series of ethanol solutions,
and embedded in paraffin blocks. After that, lateral serial sections were cut 4 pm

intervals, and stained with Harris Hematoxylin-Eosin and Safranin-O/Fast Green.

_13_
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The stained sections were scored based on the Osteoarthritis Research Society
International (OARSI) advanced Osteoarthritis Cartilage Histopathology Assessment
System (0-6.5), and used a summed OARSI score to evaluate the degree of

articular cartilage destruction [36].

2.12. Statistical analysis

All data were derived from at least three independent experiments (except the
in vivo study). The results are expressed as the means + standard deviation (SD).
A one-way analysis of variance, followed by Dunnett's test, was used for
multiple comparisons using GraphPad Prism (GraphPad Software, CA, USA). The

p-value < 0.05 were considered statistically significant in each test.

_14_
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[I. Results

3. Evaluation of anti-inflammatory efficacy in mouse macrophage
RAW264.7 cells and camageenan-induced paw edema rat

models

3.1 Effect of AE-ASL on viability of RAW264.7 cells

The MTT assay was used to evaluate the cytotoxicity of AE-ASL in
RAW264.7 cells. As shown in Figure 1, AE-ASL did not exhibit cytotoxic
effects up to 100 pg/mL. However, at a higher concentration (200 pg/mL),
AE-ASL decreased the cell viability by approximately 30%. Therefore, all further
experiments were performed at concentrations of up to 100 pg/mL to avoid

cytotoxicity.

_15_
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Figure 1. Effects of AE-ASL on cell viability of RAW264.7 cells. Cells were
treated with various concentrations of AE-ASL (10, 25, 50, 100, and 200 pg/mL)
for 24 h. Cell viability was determined using an MTT assay, and the results
were expressed as the percentage of control. Data are the means £ SD of three

independent experiments. ***p < 0.001 compared to the control group.

_16_

Collection @ chosun



3.2 AE-ASL inhibited nitrite production and iNOS expression in
LPS-stimulated RAW264.7 cells

LPS alone significantly increased the nitrite production by 18-fold (18.14 +
0.52 pM) compared with that in the control (0.599 + 1.01 uM, Figure 2A).
However, pretreatment with AE-ASL inhibited the LPS-induced nitrite production
in a dose-dependent manner, by 30% (14.48 = 0.52 uM), 60% (6.15 £ 1.0 uM),
and 80% (3.24 + 0.52 uM) at 25, 50, and 100 pg/mL, respectively (Figure 2A).
To elucidate the inhibitory effects of AE-ASL on the LPS-induced nitrite
production, mRNA and protein expression levels of iINOS were evaluated using
RT-PCR and western blotting. As shown in Figure 2B-D, LPS alone significantly
increased both mMRNA and protein expression levels of iNOS. However,
pretreatment with AE-ASL for 1 h inhibited the LPS-induced mRNA and protein
expression of iINOS in a dose-dependent manner, by 80% and 86% at 100
pg/mL, respectively (Figure 2B-D). Taken together, these data suggest that the
AE-ASL-mediated inhibition of nitrite production was associated with the

regulation of iNOS expression in the LPS-stimulated RAW264.7 cells.
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Figure 2. Inhibitory effects of AE-ASL on LPS-induced nitrite production and
iNOS expression in RAW264.7 cells. Cells were pretreated with AE-ASL (10, 25,
50, and 100 pg/mL) for 1 h, followed by LPS (0.2 pg/mL) stimulation for 24 h.
(A) Nitrite production was determined in the cell culture supernatant using the
Griess reagent after 24 h. (B and C) Expression levels of the iNOS mRNA and
protein was determined using RT-PCR and western blot analysis. (D) Quantitative
data of (C) were analyzed using the Image] software. GAPDH and B-actin served
as internal controls, respectively. Results are the means + SD of three
independent experiments. ##p < 0.01 compared to the control group; ***p <

0.001 compared to the LPS-treated group.
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3.3 AE-ASL inhibited PGE,; production and COX-2 expression in
LPS-stimulated RAW264.7 cells

PGE; (produced by COX-2) is one of the key pro-inflammatory mediators of
inflammation-related diseases [5]. The quantitative analysis of PGE: using
ELISA showed that LPS treatment of RAW264.7 cells promoted the
generation and release of PGE, into the supernatant by 2-fold (1,700.42 + 9.39
pg/mL) compared with that in the control (808.48 + 90.72 pg/mL, Figure 3A).
However, pretreated with AE-ASL for 1 h inhibited the LPS-induced PGE,
production in a dose-dependent manner, by 10% (1,600.12 = 12.3 pg/mL), 15%
(1,483.07 + 40.6 pg/mL), and 35% (1,100.40 + 45.57 pg/mL) at 25, 50, and
100 pg/mL, respectively (Figure 3A). To elucidate the inhibitory effects of
AE-ASL on the LPS-induced PGE, production, mRNA and protein expression
levels of COX-2 were evaluated using RT-PCR and western blotting. As shown
in Figure 3B-D, LPS alone significantly increased both the mRNA and protein
expression levels of COX-2. However, pretreatment with AE-ASL for 1 h
inhibited the LPS-induced mRNA and protein expressions of COX-2 in a
dose-dependent manner. Taken together, these data suggest that the AE-ASL
inhibited the mRNA and protein expression of COX-2, which generates PGE, that

functions as a key mediator of inflammation in LPS-stimulated RAW264.7 cells.
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Figure 3. Inhibitory effects of AE-ASL on LPS-induced PGE, production and
COX-2 expression in RAW264.7 cells. Cells were pretreated with AE-ASL (10,
25, 50, and 100 pg/mL) for 1 h, followed by LPS (0.2 pg/mL) stimulation for
24 h. (A) PGE: production was determined in the cell culture supernatant using
an ELISA kit after 24 h. (B and C) Expression levels of the COX-2 mRNA and
protein was determined using RT-PCR and western blot analysis. (D) Quantitative
data of (C) were analyzed using the Image] software. GAPDH and B-actin served
as internal controls, respectively. Results are the means + SD of three
independent experiments. ##p < 0.01 compared to the control group; ***p <
0.001 compared to the LPS-treated group.
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3.4 AE-ASL inhibited expression of proinflammatory cytokines in
LPS-stimulated RAW264.7 cells

Since AE-ASL inhibited nitrite and PGE, production, its effects on the
expression of proinflammatory cytokines such as TNF-o, IL-1B, and IL-6, which
play important roles in immune responses, were evaluated. As shown in Figure 4,
LPS stimulation led to significant increases in them mRNA and protein levels of
TNF-a, IL-1B, and IL-6 compared with those in the control. However,
pretreatment with AE-ASL at 100 pg/mL inhibited the LPS-induced mRNA
expressions of TNF-a, IL-1B, and IL-6 by 76%, 73%, and 59%, respectively
(Figure 4A and B). The protein expression levels were also inhibited upon
exposure to 25-100 pg/mL AE-ASL (Figure 4C and D). These results suggest
that AE-ASL significantly suppressed the LPS-induced TNF-o, IL-1B, and IL-6

expression, which indicate that AE-ASL has anti-inflammatory activity.
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Figure 4. Inhibitory effects of AE-ASL on LPS-induced proinflammatory
cytokines expression in RAW264.7 cells. Cells were pretreated with AE-ASL (25,
50, and 100 pg/mL) for 1 h, followed by LPS (0.2 pg/mL) stimulation for 24 h.
(A and C) Expression levels of the TNF-a, IL-1B, and IL-6 mRNA and protein
was determined using RT-PCR and western blot analysis. GAPDH and p-actin
served as internal controls, respectively. (B and D) Quantitative data of (A and
C), respectively, were analyzed using the Imagel software. Results are the means
+ SD of three independent experiments. “p < 0.01 compared to the control

group; **p < 0.01 and ***p < 0.001 compared to the LPS-treated group.
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3.5 AE-ASL inhibited phosphorylation of IkBa and NF-kB p65 nuclear
translocation in LPS-stimulated RAW264.7 cells

NF-kB is a crucial transcription factor that controls gene expression associated
with inflammation such as iNOS, COX-2, and TNF-a [37]. To assess NF-kB
activity, the nuclear translocation of the NF-xB p65 subunit and IkBa
phosphorylation and degradation were evaluated using western blotting. As
shown in Figure 5A and B, LPS stimulation significantly increased the
phosphorylation and degradation of IkBa, the inhibitor of NF-kB. However,
AE-ASL pretreatment markedly reversed the phosphorylation and degradation of I
kBa in a dose-dependent manner. Consistent with IxBa degradation, the
translocation of NF-kB p65 from the cytosol to the nucleus markedly increased
upon LPS stimulation (Figure S5C-E). However, the LPS-induced nuclear
translocation of NF-kB p65 was significantly inhibited by AE-ASL pretreatment
(Figure 5C-E). These results suggest that AE-ASL effectively suppresses the NF-
kB signaling pathway via inhibition of IxBa degradation, preventing the nuclear

translocation of the NF-kB p65 subunit in LPS-stimulated macrophages.
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Figure 5. Effects of AE-ASL on LPS-induced phosphorylation of IxkBa and NF-k
B p65 nuclear translocation in RAW264.7 cells. Cells were pretreated with
AE-ASL (25, 50, and 100 pg/mL) for 1 h, followed by LPS (0.2 pg/mL)
stimulation for 1 h. (A) Protein levels of IkBa and phosphorylated IkBo were
determined using western blotting. B-actin served as internal controls. (B) Protein
levels of NF-xB p65 in nuclear and cytosolic extracts were determined using

western blotting. B-actin and lamin Bl were used as cytosolic and nuclear

internal controls, respectively.
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3.6. AE-ASL inhibited phosphorylation of MAPKs in LPS-stimulated
RAW264.7 cells

The activation of MAPK (ERK1/2, JNK, and p38 MPAK) modulates the
activation of NF-kB in LPS-stimulated macrophages, affecting the transcriptional
expression of iNOS [38]. To verify whether the inhibitory effect of AE-ASL on
the LPS-induced activation of NF-kB and NO production is mediated through the
MAPK pathway, the effect of AE-ASL on the LPS-induced phosphorylation of
ERK, JNK, and p38 MAPK was evaluated by western blotting. Cells were
pretreated with 0-100 pg/mL AE-ASL for 1 h and subsequently stimulated with
LPS (0.2 pg/mL) for 1 h. Although phosphorylation of ERK1/2, JNK, and p38
MAPK significantly increased after exposure to LPS, pretreatment with AE-ASL
at 100 pg/mL effectively decreased their phosphorylation, by 44%, 55%, and
26%, respectively (Figure 6). Meanwhile, the total expression levels of ERKI1/2,
JNK, and p38 MAPK were not significantly different among these groups. These
results suggest that AE-ASL exerted its anti-inflammatory effects by inhibiting the

activation of MAPKs during the LPS-induced inflammatory response.
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Figure 6. Effects of AE-ASL on LPS-induced phosphorylation of ERK, JNK, and
p38 in RAW264.7 cells. Cells were pretreated with AE-ASL (25, 50, and 100 p
g/mL) for 1 h, followed by LPS (0.2 pg/mL) stimulation for 1 h. (A) Total and
phosphorylated ERK, JNK, and p38 were determined using western blotting. (B)
Quantitative data of (A) were analyzed using the Imagel] software. Results are the
means = SD of three independent experiments. ##p < 0.01 compared to the

control group; ***p < 0.001 compared to the LPS-treated group.
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3.7. AE-ASL inhibited carrageenan-induced rat paw edema

As shown in Figure 7B, AE-ASL (50, 100, or 200 mg/kg) and diclofenac
sodium (positive control, 10 mg/kg), orally pre-administered 1 h before
carrageenan injection, gradually increased the inhibition rate of the
carrageenan-induced paw edema over a period of 24 h, compared with that in the
untreated control group. At the high dose of AE-ASL (200 mg/kg), the inhibition
of edema thickness was 27% and 40% at 2 h and 4 h after carrageenan
injection, respectively, while diclofenac sodium showed 14% and 47% inhibition
at 2 h and 4 h, respectively. Therefore, the anti-inflammatory effect of 200
mg/kg AE-ASL was comparable to that of diclofenac sodium (10 mg/kg). In
addition, the middle dose (100 mg/kg AE-ASL) increased the inhibition of the
edema thickness from 1% to 31% between 2 and 4 h after carrageenan injection

(Figure 7B). The morphological characteristics are shown in Figure 7A.
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Figure 7. Effects of AE-ASL on carrageenan-induced left hind paw edema. Paw
edema was induced by subcutaneous injection of a 1% carrageenan solution (100
ulL/animal) into the left hind paw 1 h after oral administration of AE-ASL (50,
100, and 200 mg/kg) or diclofenac sodium (10 mg/kg). (A) Morphological
characteristics of the left hind paw of rats 24 h after carrageenan injection. (B)
The thickness of the paw was measured 0-24 h after carrageenan injection.
Results are the means + SD of four animals. **p < 0.01 and ***p < 0.001

compared to the carrageenan group at the corresponding time points.
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4. Evaluation of anti-osteoarthritic efficacy in rat primary
chondrocytes and DMM-induced OA rat models

4.1. Effect of AE-ASL on the cell viability of rat primary
chondrocytes

To evaluate the cytotoxicity of AE-ASL, chondrocytes were treated with
various concentrations of AE-ASL (0.25, 0.5, 1, 2, and 4 mg/mL) and an MTT
assay performed 24 h later. As shown in Figure 8, compared with the control,
AE-ASL treatment of up to 2 mg/mL was not cytotoxic, but cell viability
decreased by 80% at 4 mg/mL and the ICso was 3.392 mg/mL. Therefore, the
subsequent experiments were performed with 0.5, 1, and 2 mg/mL AE-ASL to

avoid cytotoxicity.
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Figure 8. Effects of AE-ASL on the cell viability of rat primary chondrocytes.
Cells were treated with various concentrations of AE-ASL (0.25, 0.5, 1, 2, and 4
mg/mL) for 24 h. Cell viability was determined using an MTT assay, and the
results were expressed as a percentage of the control. Data are the means £ SD

of three independent experiments. ***p < 0.001 compared with control group.
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4.2. AE-ASL inhibited nitrite production and iNOS expression in IL-1f

-stimulated rat primary chondrocytes

Inflammation by release of inflammatory mediators, such as nitrite oxide and
iNOS is one of the major factors of osteoarthritis multi-factoretiology [3].
Therefore, the effect of AE-ASL on the IL-1B-induced both nitrite production and
iNOS expression was evaluated in rat primary chondrocytes. Chondrocytes were
pretreated with AE-ASL (0.5, 1, and 2 mg/mL) for 1 h and then stimulated with
IL-1p (20 ng/mL) for 24 h. IL-1B alone significantly increased the nitrite
production by 11-fold (55 + 0.55 uM) compared with that in the control (5.43 +
0.37 uM, Figure 9A). However, chondrocytes pretreated with AE-ASL inhibited
IL-1B-induced nitrite production in a dose-dependent manner, by 35% (35.50 =+
0.37 uM), 67% (18.04 + 0.18 uM), and 80% (10.88 + 0.27 puM) at 0.5, 1, and
2 pg/mL, respectively (Figure 9B). In addition, IL-1B alone significantly increased
both the mRNA and protein expression levels of iNOS. However, pretreatment
with AE-ASL for 1 h inhibited the IL-1B-induced mRNA and protein expression
of iNOS in a dose-dependent manner. (Figure 9B-D). In particular, at 2 mg/mL
AE-ASL, the expression of iNOS proteins was completely suppressed, despite the
presence of IL-1B (Figure 9C and D). These results suggest that
AE-ASL-mediated inhibition of nitrite production was associated with the

regulation of iNOS expression in IL-1B-stimulated rat primary chondrocytes.
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Figure 9. Inhibitory effects of AE-ASL on IL-1B-induced nitirte production and
iNOS expression in rat primary chondrocytes. Cells were pretreated with AE-ASL
(0.5, 1, and 2 mg/mL) for 1 h, followed by IL-1p (20 ng/mL) stimulation for 24
h. (A) Nitrite production was determined in conditioned medium using Griess
reagent after 24 h. (B and C) Expression of iNOS mRNA and protein was
determined wusing RT-PCR and western blot analysis, respectively. (D)
Quantitative data of (C) were analyzed using Image] software. GAPDH and [
-actin served as internal controls, respectively. Results are the means = SD of
three independent experiments. ##P < .01 compared to the control group; ***p <

0.001 compared to the IL-1B-treated group.
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4.3. AE-ASL inhibited PGE; production and COX-2 expression in IL-1
B-stimulated rat primary chondrocytes

To evaluate the effect of AE-ASL on IL-1p-induced PGE, production, the
accumulation of PGE; in the culture supernatant was evaluated using ELISA kit.
As shown in Figure 10A, IL-1B alone significantly promoted the generation and
release of PGE, into the supernatant by 2-fold (942.26 =+ 24.50 pg/mL)
compared with that in the control (2,045.71 £ 21.95 pg/mL). However, pretreated
with  AE-ASL for 1 h inhibited IL-1B-induced PGE. production in a
dose-dependent manner, by 8% (1,888.43 £ 5.09 pg/mL), 16% (1,728.2 + 4.45
pg/mL), and 30% (1,453.26 + 8.90 pg/mL) at 0.5, 1, and 2 pg/mL, respectively
(Figure 10B). In addition, IL-1p alone significantly increased both the mRNA and
protein expression levels of COX-2. However, pretreatment with AE-ASL for 1 h
inhibited the IL-1B-induced mRNA and protein expression of COX-2 in a
dose-dependent manner (Figure 10B-D). Taken together, these data suggest that
the AE-ASL-mediated inhibition of PGE, production was associated with the

regulation of COX-2 expression in IL-1B-stimulated rat primary chondrocytes.
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Figure 10. Inhibitory effects of AE-ASL on IL-1B-induced PGE, production and
COX-2 expression in rat primary chondrocytes. Cells were pretreated with
AE-ASL (0.5, 1, and 2 mg/mL) for 1 h, followed by IL-1B (20 ng/mL)
stimulation for 24 h. (A) PGE; production was determined in the cell culture
supernatant using an ELISA kit after 24 h. (B and C) Expression of the COX-2
mRNA and protein was determined using RT-PCR and western blot analysis. (D)
Quantitative data of (C) were analyzed using Image] software. GAPDH and f
-actin served as internal controls, respectively. Results are the means = SD of
three independent experiments. ANOVA and Dunnett test were used to evaluate
the significance of the results. Results are the means + SD of three independent
experiments. ##p < 0.01 compared to the control group; ***p < 0.001 compared
to the IL-1B-treated group.
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4.4. AE-ASL inhibited MMP-3, MMP-13, and ADAMTS-4 expression
in IL-1p-stimulated rat primary chondrocytes

Matrix degradation by activation of matrix degrading enzyme such as MMPs
and aggrecanase is a representative feature of osteoarthritis [7]. Therefore, the
effect of AE-ASL on the IL-1B-induced expression of MMP-3, MMP-13, and
ADAMTS-4 was evaluated in rat primary chondrocytes. As shown in Figure 11A
and B, IL-1B significantly up-regulated the mRNA and protein expression levels
of MMP-3 and MMP-13, whereas pretreatment with the AE-ASL resulted in
significant inhibition of IL-1B-induction of these enzyme at both mRNA and
protein levels. Moreover, in casein zymography performed to verify the secreted
MMP-3 and MMP-13 activity in cultured media, the casein proteolytic activity of
these enzymes was significantly increased by IL-1B, but was inhibited by
AE-ASL pretreatment dose-dependently in rat primary chondrocytes (Figure 11C).
In addition, pretreatment with AE-ASL inhibited the protein expression of IL-1B
-induced ADAMTS-4, which is an aggrecanase (Figure 11D). These results
suggest that AE-ASL reduced the IL-1B-induced expression of matrix degrading

enzymes.
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Figure 11. Inhibitory effects of AE-ASL on IL-1B-induced expression of MMP-3,
MMP-13, and ADAMTS-4 in rat primary chondrocytes. Cells were pre-treated
with 0.5, 1, and 2 mg/mL of AE-ASL for 1 h, followed by IL-1f (20 ng/mL)
for 24 h. (A and B) Expression of MMP-3 and MMP-13 mRNA and protein
level was determined using RT-PCR and western blot analysis, respectively. (C)
Activity of MMPs was measured in conditioned medium using casein
zymography. (D) Expression of ADAMTS-4 protein level was determined using
western blot analysis. GAPDH and -actin served as internal controls. Quantitative
data was analyzed by using Image] software. Results are the means + SD of
three independent experiments. ANOVA and Dunnett test were used to evaluate
the significance of the results. ##p < 0.01 compared with control group; **p <
0.01, ***p < 0.001 compared with IL-1pB-treated group.
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4.5. AE-ASL protected degaradation of aggrecan, COL2A1, and
proteoglycan in IL-1f-stimulated rat primary chondrocytes

To evaluate whether AE-ASL affects the sGAG contents and expression of
aggrecan and COL2A1, which are ECM major components [7], in IL-1f
-stimulated rat primary chondrocytes, aggrecan and COL2A1 were detected by
ELISA assay, and sGAG contents were detected by DMMB assay. As shown in
Figure 12A and B, aggrecan and COL2A1 were significantly decreased by IL-1f,
whereas pretreatment with AE-ASL blocked the IL-1B-induced decrease in
expression of aggrecan and COL2AIl. In addition, the IL-1p-induced release of
sGAG was significantly inhibited by pretreatment with AE-ASL (Figure 12C).
These results suggest that AE-ASL could be a potent cartilage chondroprotectant
by suppressing IL-1B-induced degradation of aggrecan and COL2A1 and release
of sGAG in rat primary chondrocytes.
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Figure 12. Effect of AE-ASL on IL-1B-induced aggrecan, COL2A1, and
proteoglycan degradation in rat primary chondrocytes. Cells were pre-treated with
0.5, 1, and 2 mg/mL of AE-ASL for 1 h, followed by IL-1f (20 ng/mL) for 24
h. Conditioned medium were prepared for aggrecan ELISA assay (A) and
COL2A1 ELISA assay (B). (C) The sGAG was measured in conditioned medium
using a DMMB assay. Results are the means + SD of three independent
experiments. ANOVA and Dunnett test were used to evaluate the significance of
the results. ##P < .01 compared with control group; **p < 0.01, ***p < 0.001
compared with IL-1B-treated group.
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4.6. Suppression of NF-kB signaling pathway by AE-ASL in IL-1P
-induced rat primary chondrocytes

NF-xB is also an important transcription factor that regulates the transcription
of MMPs, ADAMTS family, and inflammatory mediators. Therefore, the effect of
AE-ASL on IL-1f-induced NF-«B activation was evaluated in rat primary
chondrocytes using western blot analysis. As shown in Figure 13, IL-1B
-stimulation for 30 min enhanced the translocation of NF-xB p65 subunit from
the cytoplasm to the nucleus, concomitantly with the phosphorylation and
degradation of IkBa in the cytoplasm. However, pretreatment with AE-ASL for 1
h suppressed the IL-1B-induced nuclear accumulation of NF-kB p65 subunit and
the phosphorylation and degradation of IkBo (Figure 13). These results suggest
that AE-ASL inhibited IL-1B-induced NF-xB activation through preventing the
nuclear accumulation of NF-kB p65 subunit, and suppression of IkBa

phosphorylation and degradation.
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Figure 13. Effects of AE-ASL on IL-1p-induced phosphorylation of IkBa and
NF-xB p65 mnuclear translocation in rat primary chondrocytes. Cells were
pre-treated with 0.5, 1, and 2 mg/mL of AE-ASL for 1 h, followed by IL-1B
(20 ng/mL) for 1 h. (A) Protein levels of IkB-a and phosphorylated IkB-o were
determined using western blot analysis. (B) Protein levels of NF-xB p65 in
nuclear and cytosolic extracts were determined using western blotting. B-actin and

lamin B1 were used as cytosolic and nuclear internal controls, respectively.
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4.7. AE-ASL inhibited phosphorylation of MAPKSs in IL-1p-stimulated
rat primary chondrocytes

As it is well known that IL-1B-induced MMPs expression is mediated by
activation of the family of MAPK kinases including ERK, JNK, and p38 MAPK.
Therefore, it was evaluated whether AE-ASL exhibited the inhibitory effect of
catabolic factors through these kinases. Chondrocytes stimulated with IL-1B
activated the phosphorylation of ERK, JNK, and p38 MAPK, without markedly
affecting their total protein levels (Figure 14A and B). However, pretreatment
with AE-ASL inhibited the IL-1B-induced phosphorylation of ERK, JNK, and p38
MAPK to near the control levels. These results suggest that the suppressive effect
of AE-ASL on IL-1B-induced expression of cartilage degrading enzymes was
mediated through MAPK signaling in rat primary chondrocytes.
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Figure 14. Effects of AE-ASL on IL-1f-induced phosphorylation of ERK, JNK,
and p38 in rat primary chondrocytes.

Cells were pre-treated with 0.5, 1, and 2 mg/mL of AE-ASL for 1 h, followed
by IL-1B (20 ng/mL) for 1 h. (A) Total and phosphorylated ERK, JNK, and p38
were determined using western blotting. (B) Quantitative data of (A) were
analyzed using Image] software. Results are the means + SD of three
independent experiments. ANOVA and Dunnett test were used to evaluate the
significance of the results. ##p < 0.01 compared with control group; ***p <
0.001 compared with IL-1pB-treated group.
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4.8 Effect of AE-ASL administration on macroscopic and histologic

parameters in articular cartilage of OA rat model

The preventive efficacy of AE-ASL on DMM-induced OA was evaluated by
assessing the structural integrity of the articular cartilage using microscopic
observation of cartilage surfaces, Safranin-O/Fast green staining, and an OARSI
score. As shown in Figure 15A and B, the articular cartilage in OA group with
an OARSI score of 11 + 0.5 exhibited proteoglycan depletion, cartilage
superficial destruction, and cartilage erosion, indicating moderate pathological
osteoarthritic compared with the control and sham group. However, the 50, 100,
and 200 mg/kg of AE-ASL-treated OA groups showed less proteoglycan loss and
cartilage destruction, with a significantly lower OARSI score (7.5 + 0.28, 6.0 +
0.5, and 3.5 £ 0.28, respectively) (Figure 15A and B). On the cartilage surface
macroscope observation, cartilage defects were found in the tibia and femur
cartilage surface of the OA group, but defects were not seen in the
AE-ASL-treated OA group (Figure 15C). Taken together, these results suggest
that AE-ASL attenuated the progression of OA in rat OA model.
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Figwe 15. Histological evaluation and microscopic  observation of
cartilage-protective  effect of AE-ASL against cartilage degradation in
DMMe-induced OA rat models. After sham or DMM surgery, rats received a
gavage of distilled water or AE-ASL (50, 100, and 200 mg/kg bodyweight) daily
for 8 weeks. Histological analysis of cartilage destruction was evaluated by
safranin O/fast green staining (A) and Osteoarthritis Research Society International
(OARSI) advanced Osteoarthritis Cartilage Histopathology Assessment System (B).
(C) Macroscopic observation exhibits representative each group. ANOVA and
Dunnett test were used to evaluate the significance of the results. ##p < 0.01

compared with sham group; ***p < 0.001 compared with DMM group.
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5. Identification of AE-ASL and evaluation of anti-osteoarthritic

efficacy in vitro

5.1. Components identification of AE-ASL

The major components of the extract were separated and analyzed using
preparative HPLC, and three components with retention time of 8.47 min, 11.46
min, and 12.60 min were detected at 320 nm wavelength (Figure 16A). The
mass  spectrometric  analysis of these fraction was performed by
HPLC-ESI-TOF/MS under the same conditions, as a result, each peak with
retention time of 4.75 min, 7.20 min and 8.01 min was detected at 320 nm
wavelength (data not shown). As shown Figure 16B, compound 1 is predicted to
be a chlorogenic acid having a M.W. of 354.0951 and a formula of C;sHisOo,
and compound 2 having a M.W. of 48.1006 and formula of C»iH200O11 is shown
as a cynaroside, and compound 3 having a M.W. of 534.1010 and formula of

C24H2,044 is expected to be luteolin-7-O-malonylgluces.
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Figure 16. Components identification of AE-ASL. (A) The analytical HPLC
chromatograms of raw material of AE-ASL. (B) HPLC-ESI-TOF/MS accurate

mass measurements of the three main phenolic compounds in the AE-ASL.
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5.2. Screening of active components of AE-ASL in vitro

To examine the potential anti-inflammatory properties of AE-ASL components,
the effects of  three components, chlorogenic acid, cynaroside
(luteolin-7-O-glucoside), and Iluteolin-7-O-malonylglucoside, on the inhibition of
nitrite production following stimulation with LPS was evaluated in RAW264.7
cells. Treatment of RAW264.7 with LPS alone significantly increased the nitrite
production by 13-fold (13.60 =+ 0.38 uM), whereas pretreatment with 3
components inhibited the LPS-induced nitrite production. Of the three components,
cynaroside had the highest inhibitory effect on nitrite production, and inhibition
rates were 31% (9.13 + 0.19 uM), 40% (7.84 = 0.1 uM), 47% (6.90 = 0.29 uM)
and 50% (6.56 = 0.19 uM) at 5, 10, 20, and 40 uM, respectively (Figure 17).
Therefore, it was analyzed the contents of cynaroside contained in AE-ASL, and
found that 20 mg of cynaroside was contained per 1 g of extract powder. To
confirm that cynaroside is a component that can be responsible for the
chondroprotective effect of AE-ASL, the inhibitory effects of cynaroside and
AE-ASL were compared to the nitric oxide production by IL-1B in rat primary
chondrocytes. The cells were pretreated with AE-ASL (0.5, 1, and 2 mg/mL) or
cynaroside (10, 20, and 40 pg/mL) for 1 h, and then subsequently cultured with
IL-1B3 (20 ng/mL) for 24 h. As shown in Figure 18, the effect of cynaroside
was comparable to that of AE-ASL, and these results suggest that cynaroside

may be a representative component of AE-ASL.
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Figure 17. Screening of active components of AE-ASL. RAW2647 cells were
pretreated with 3 components (5, 10, 20, and 40 uM) for 1 h, followed by LPS
(0.2 pg/mL) stimulation for 24 h. Nitrite production was determined in the cell
culture supernatant using the Griess reagent. Results are the means + SD of three
independent experiments. ##p < 0.01 compared to the control group; *p < 0.05,
**p < 0.01 compared to the LPS-treated group.
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Figure 18. Inhibitory effects of AE-ASL and cynaroside on IL-1B-induced nitirte
production in rat primary chondrocytes.

Cells were pretreated with cynaroside (10, 20, and 40 pg/mL) or AE-ASL (0.5,
1, and 2 mg/mL) for 1 h, followed by IL-1f (20 ng/mL) stimulation for 24 h.
(A) Structure of cynaroside (luteolin-7-O-glucoside) (B) Nitrite production was
determined in conditioned medium using Griess reagent after 24 h. Results are
the means = SD of three independent experiments. ##p < 0.01 compared to the

control group; **p < 0.01, ***p < 0.001 compared to the IL-1B-treated group.
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5.3 Cynaroside represents the anti-osteoarthritic effect of AE-ASL in rat

primary chondrocytes

It was evaluated whether cynaroside contributed to the observed effects of
AE-ASL on expression of catabolic or anabolic factors in rat primary
chondrocytes. As shown in Figure 19, cynaroside suppressed IL-1B-induced
expression of catabolic factors, iNOS, COX-2, TNF-a, MMP-13, and ADAMTS-4
(Figure 19A and B), whereas protected IL-1B-induced decrease of anabolic
factors, aggrecan (Figure 19C). In addition, the chondroprotective effect of
cynaroside was confirmed by alcian blue staining, which stained GAG of
cartilage. As shown in Figure 19D, the IL-1B treated group showed a slightly
cloudy staining compared to the control group, whereas that in the group
pretreated with cynaroside (40 pg/mL) showed a higher degree of staining. These
result suggest that cynaroside contributes to the chondroprotective effect of

AE-ASL.
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Figure 19. Anti-osteoarthritic effects of cynaroside in IL-1f-stimulated rat primary
chondrocytes. Cells were pretreated with cynaroside (10, 20, and 40 pg/mL) for 1
h, followed by IL-1B (20 ng/mL) stimulation for 24 h. (A and B) Protein
expression level of the catabolic factors, iNOS, COX-2, TNF-a, MMP-13, and
ADAMTS-4, was measured using western blot analysis, respectively. (C) Protein
expression level of the anabolic factor, aggrecan. (D) Alcian blue staining for

analysis of GAG accumulation.
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IV. Discussion

Anthriscus sylvestris is a medicinal plant that has long been used as traditional
medicine in Korean and other countries [27-29]. It has been reported that aerial
parts show antioxidant effects, whereas dried roots show antitumor activity by
inducing the cell cycle arrest and apoptosis in vitro and in vivo [27,31,32,39]
However, physiologically active functions of aqueous extract of A. sylvestris
leaves (AE-ASL) are not yet known. Therefore, in this study, anti-inflammatory
effect and chondroprotective effect of AE-ASL was investigated. In firth first
section, anti-inflammatory effects of AE-ASL was evaluated in vitro in
LPS-stimulated RAW264.7 cells and in vivo in a carrageenan-induced paw edema
animal model. Furthermore, based on these anti-inflammatory effect, in the second
section, chondroprotective effect against inflammation of AE-ASL was evaluated
in vitro in rat primary chondrocytes, and its effects were demonstrated in vivo in
a DMM surgery-induced OA rat model.

Macrophages, differentiated from monocytes, play a pivotal role in many
diseases, including infection, inflammation, atherosclerosis, and cancer [40].
Macrophages activated by external stimuli, such as LPS and IFN-y, induce
inflammation via the excessive secretion of cytokines and inflammatory mediators
such as TNF-a, IL-1B, iNOS, and PGE, [40]. IL-1B is a major pro-inflammatory
cytokine that initiates and enhances the inflammatory response, and IL-6 is also
crucially involved in the acute-phase of the immune response [41,42]. In addition,
TNF-a is one of the major upstream cytokines that can activate the NF-xB
pathway, and stimulate the release of other pro-inflammatory cytokines such IL-1f
and IL-6 [42,43]. Furthermore, metabolites, such as NO and COX-2, of
inflammatory mediators, such as iINOS and PGE,, maintain a constant
inflammatory environment, and cytokines function as chemokines for increasing
the macrophage population, leading to an exacerbated inflammation [44,45].

Therefore, inhibiting the expression of these inflammation-related genes in
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activated macrophages can be an attractive strategy for the development of
anti-inflammatory ~ drugs, and many studies have demonstrated the
anti-inflammatory efficacy of natural products by assessing the inhibition of the
expression of these genes [46-49]. Results showed that AE-ASL significantly
inhibited the LPS-induced NO and PGE; production by suppressing iNOS and
COX-2 mRNA and protein expression in activated macrophages (Figure 2 and
3). In addition, pretreatment with AE-ASL decreased the expression of
LPS-induced proinflammatory cytokines, TNF-o, IL-1B, and IL-6, in
dose-dependent manners (Figure 4). These findings are consistent with the
results of other reports, which investigated the anti-inflammatory effects of
various plant extracts, [50-52] and support our hypothesis that AE-ASL has
anti-inflammatory activity.

To further clarify the anti-inflammatory mechanism of AE-ASL, its effects on
the activation of the NF-xB and MAPK signaling pathways were evaluated in
LPS-stimulated macrophages. These signaling pathways are well known to
regulate the expression of numerous genes associated with the immunity, such as
those encoding iNOS, COX-2, TNF-a, IL-1B, and IL-6 [37,38]. Results showed
that pretreatment with AE-ASL suppressed the translocation of the NF-«xB p65
subunit from the cytoplasm to the nucleus via inhibition of the LPS-induced
phosphorylation and degradation of IkB-a (Figure 5). In addition, pretreatment
with AE-ASL inhibited the LPS-induced phosphorylation of ERK, JNK, and p38
MAPK (Figure 6). These data indicate that the NF-xB and MAPK signaling
pathways may mediate the inhibition of proinflammatory mediators and cytokines
by AE-ASL in LPS-stimulated RAW264.7 cells, which agrees with the data from
previous studies of other researchers [48-52].

Carrageenan is a strong stimulant of proinflammatory mediators and the
inflammatory responses induced by carrageenan occur as a biphasic process [53].
The early phase (2 h after carrageenan injection) is mainly mediated by the

release of histamine and serotonin, while the late phase (the first 3—4 h) is
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mediated by the release of bradykinin, TNF-a, and leukotrienes and is sustained
by PGE. and COX-2 [53,54]. Thus, most conventional anti-inflammatory drugs
target the late phase [55]. In vivo study showed that orally administered AE-ASL
inhibited the carrageenan-induced paw edema in a dose-dependent manner for up
to 4 h after the carrageenan injection, and 200 mg/kg AE-ASL was especially
effective in the early phase of the carrageenan-induced inflammatory response
(Figure 7). These anti-inflammatory properties of AE-ASL have potential as
therapeutic agents for various diseases caused by inflammation and can positively
affect the improvement of osteoarthritis caused by inflammation.

OA is a disease commonly seen in the elderly, due to cartilage wearing out
through the long-term use of joints and inflammation [1,2]. Cartilage wear is
promoted mainly by the degradation of cartilage matrix by the inflammatory
responses caused by friction between the cartilaginous tissues. OA rapidly
progresses through vicious circle of inflammation and catabolism [1,2]. Therefore,
most drugs for treating OA including acetaminophen, duloxetine, and NSAIDs,
are aimed at treating inflammation and inhibiting inflammation-induced pain [56].
However, long-term use of these drugs exhibits severe side effects such as
gastrointestinal and renal toxicity [56]. Thus, it is very important to develop OA
drugs with fewer side effects, because OA is a very common disease in elderly
population.

Inflammation affecting the catabolism of cartilage is a strong inducer of OA
pathogenesis, and chondrocyte apoptosis by inflammation markedly reduces the
tissue maintenance and functionality, further restraining the regeneration ability of
joint [3,57]. In particular, IL-1B by inflammation releases cartilage-degrading
enzymes such as MMPs, ADAMTS family, and other catabolic enzymes, and,
consequently, cartilage matrix degradation promotes OA pathogenesis [5]. Several
studies reported that inhibition of IL-1B-induced inflammation mediators such as
NO and PGE, had the ability to alleviate OA pathogenesis, reduce pain,

inflammation, and proteoglycan loss [3,6]. Therefore, inhibition of these
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inflammatory mediators is a greatly effective therapeutic target for OA treatment.
Results showed that AE-ASL inhibited IL-1B-induced nitrite, iNOS, PGE,, and
COX-2 expression in a dose-dependent manner, which suggested that AE-ASL
has a potent anti-inflammation activity on IL-1B-stimulated rat primary
chondrocytes.

MMPs are a family of proteolytic enzymes and are over-released in cartilage
tissues and synovial fluid to trigger OA, by degrading ECM [7]. In particular,
MMP-3 and MMP-13 decompose aggrecan and COL2A1, which are ECM major
components, and this decomposition product stimulate synoviocytes and provide a
suitable microenvironment for the progression of OA through a vicious circle that
induces inflammation [7]. In addition, aggrecan degradation induces the release of
sGAG, which plays an important role in cartilage elasticity by binding to the
aggrecan core protein to form proteoglycans. ADAMTS-4 is considered the
primary enzyme responsible for the degradation of aggrecan in OA pathogenesis
[13,58]. Therefore, the contents of cartilage matrix factors, such as aggrecan,
COL2A1 and proteoglycan, were considered as a crucial parameter to assess
progression of the cartilage destruction. Results showed that AE-ASL inhibited the
IL-1B-induced production of MMP-3, MMP-13, and ADAMTS-4 in rat primary
chondrocytes (Figure 11). In addition, pretreatment with AE-ASL suppressed the
IL-1B-induced decreased aggrecan and COL2A1 protein level (Figure 12).
Furthermore, consistent with the inhibitory effect of AE-ASL on decreased
aggrecan and COL2Al1 by IL-1B, AE-ASL suppressed the increase in IL-1B
-induced sGAG contents to near normal levels.

IL-1B exhibits its effects on the expression of MMPs, COX-2, iNOS by mainly
activating MAPKs and the NF-«B signaling pathway [59,60]. Several studies
reported that inhibition of MAPKs (ERK1/2, JNK, and p38 MAPK)
phosphorylation and NF-«kB p65 subunit translocation to the nucleus pathways
resulted in the inhibition of IL-1B-induced expression of MMPs, COX-2, iNOS,

and pro-inflammation cytokines in rabbit chondrocytes [20,61]. Therefore, the

_55_

Collection @ chosun



effects of AE-ASL on the IL-1f-induced phosphorylation of MAPKs and NF-«xB
p65 subunit translocation was evaluated. Pretreatment with AE-ASL suppressed
the phosphorylation of MAPKs and translocation of the NF-kB p65 subunit to
the nucleus in IL-1B-induced rat primary chondrocytes (Figure 13 and 14).
Furthermore, to verify whether AE-ASL has a chondroprotective effect, the
cartilage destruction and changes were evaluated in DMM surgery-induced OA rat
model. This model has been widely used to assess agents’ efficacy because it
resembles the OA pathogenesis associated with human aging through incising the
meniscus and inducing degeneration [62]. In addition, histological staining after in
vivo experiments can be provide specific information on physiological and
pathological condition in articular cartilage, such as distribution of chondrocytes
and matrix components, so it is commonly used to evaluate the effect of
improving arthritis [63]. The results of the histological examinations showed that
DMM resulted in cartilage degradation, whereas the oral administration of
AE-ASL for 8 weeks inhibited cartilage degradation, and this result was
consistent with the OARSI score. Furthermore, HPLC and HPLC-ESI-TOF/MS
analysis to find the active components responsible for these efficacy of the
AE-ASL was evaluated. As a result, phenolic compounds, chlorogenic acid,
cynaroside, and luteolin-7-O-malonylglucose were identified (Figure 16). Of
these components, cynaroside had the highest inhibitory effect on nitrite
production in LPS-stimulated RAW26.7 cells (Figure 17), and showed
chondroprotective effect in IL-1B-stimulated rat primary chondrocytes (Figure 18).
Dall’Acqua et al. reported that chlorogenic acid and cynaroside are the active
components with antioxidant activity in the methanol extract of A.sylvestris
aerial parts [32]. Luteolin-7-O-glucoside (cynaroside) isolated from A.
sylvestris was confirmed by the work of Zemlicka et a/ as the dominant
polyphenolic species and as active components with antioxidant activity [64].
In addition, chlorogenic acid and cynaroside were reported to exert

anti-inflammatory effects in mice with D-gal-induced chronic liver injury and
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in a carrageenan-induced paw edema rat model [65,66]. These results suggest
strongly imply that the these observed effect of AE-ASL could be attributed
to the effect of its predominant component cynaroside.

Collectively, anti-inflammatory effect in vitro data showed that AE-ASL
suppressed LPS-induced expression of inflammatory-related factors, such as nitrite,
iNOS, PGE,, COX-2 and pro-inflammatory cytokines by suppressing NF-«xB
activity and the MAPK signaling pathway in RAW264.7 cells. In addition,
anti-inflammatory in vivo data showed that oral administration with AE-ASL
inhibited the carrageenan-induced paw edema in a dose-dependent manner for up
to 4 h after the carrageenan injection. Chondroprotective effect in vitro data
showed that AE-ASL suppressed the IL-1B-induced expression of
inflammatory-related factors, such as nitrite, iNOS, PGE,, COX-2, and
cartilage-degrading enzymes, such as MMP-3, MMP-13 and ADAMTS-4, by
suppressing NF-kB activity and the MAPK signaling pathway in rat primary
chondrocytes.  Furthermore, @AE-ASL  protected IL-1B-induced decreased
expression of anabolic factors, aggrecan, COL2A1 and proteoglycan in vitro. In
addition, chondroprotective effect in wvivo data showed that oral administration
with AE-ASL decreased DMM  surgery-induced matrix loss and cartilage
degeneration. Overall, these results suggest that AE-ASL has the possibility of
development as a preventive and therapeutic agent for osteoarthritis. However,
although the evaluation of the efficacy of osteoarthritis and its mechanism studies
can be done with a single osteoarthritis model, there are limitations that do not
reflect all aspects of human disease. Therefore, in order to clarify the effect of
AE-ASL improvement on degenerative arthritis, long-term studies in vitro and in

vivo are required not only for small animals but also large-scale animals.
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V. Conclusion

Osteoarthritis (OA) is a degenerative disease commonly occurring in the
elderly, accompanied by deformation of articular cartilage, subchondral bone
remodeling, osteophyte formation and pain. Anthriscus sylvestris is a medicinal
plant that has long been used as traditional medicine in Korean and other
countries. However, physiological functions of aqueous extract of AE-ASL are not
yet well known. Therefore, in this study, the chondroprotective effects of

AE-ASL was evaluated.

Anti-inflammatory efficacy on LPS-stimulated mouse marcophage RAW264.7 cells,

1. Pretreatment with AE-ASL inhibited production and expression of inflammatory
mediators and cytokines, including nitrite, PGE,, iNOS, COX-2, TNF-a, IL-1B,
and IL-6 in dose-dependent manners.

2. Pretreatment with AE-ASL suppressed translocation of the NF-kB p65 subunit
to the nucleus and phosphorylation of ERK, JNK, and p38 MAPK.

3. In vivo study, orally administered AE-ASL inhibited the carrageenan-induced
paw edema in a dose-dependent manner for up to 4 h after the carrageenan

injection.

Chondroprotective efficacy on IL-1B-stimulated rat primary chondrocytes,

1. Pretreatment with AE-ASL inhibited production and expression of inflammatory
mediators and cartilage degrading enzymes, including nitrite, PGE,, iNOS,
COX-2, MMP-3, MMP-13, and ADAMTS-4, but pretreatment with AE-ASL
protected the degradation of aggrecan, COL1A1 and proteoglycan.

2. Pretreatment with AE-ASL suppressed translocation of the NF-kB p65 subunit
to the nucleus and phosphorylation of ERK, JNK, and p38 MAPK.

3. In vivo study, DMM surgery resulted in cartilage degradation, whereas daily
oral administration of AE-ASL for 8 weeks inhibited DMM surgery-induced
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cartilage degradation.

4. AE-ASL contains phenolic compounds, such as chlorogenic acid, cynaroside,
and luteolin-7-O-malonylglucose.

5. The observed chondroprotective effects of AE-ASL could be attributed to

the effect of its predominant component cynaroside.

The results of this study show that AE-ASL has a potent anti-inflammatory
efficacy and chondroprotective efficacy, suggesting that AE-ASL can be developed

as a promising OA preventive and therapeutic agent.
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