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Viscum album and its Constituents Downregulate MMP-13 Expression 

in Chondrocytes and Protect Cartilage Degradation

Ju Hee Lee, Yong Soo Kwon, Da Young Jung, Na Young Kim, Hyun Lim and Hyun Pyo Kim*

College of Pharmacy, Kangwon National University, Chuncheon 24341, Korea

Abstract  Under some pathological conditions such as osteoarthritis, matrix metalloproteinases (MMPs)
including MMP-13 have an important role in degrading cartilage materials. When the regulatory effects of some
herbal extracts on MMP-13 expression were examined to evaluate the cartilage-protective potential, the ethanol
extract of the radix of Viscum album was found to strongly downregulate MMP-13 induction in IL-1β-treated
chondrocytes, SW1353 cells. Based on this finding, activity-guided separation was carried out, which yielded
five constituents identified as 3,5-dihydroxy-1,7-bis(4-hydroxyphenyl)heptane (1), hesperetin-7-glucoside (2),
syringin (3), homoflavoyadorinin B (4), and 4,4′-dihydroxy-3,6′-dimethoxychalcone-2′-glucoside (5). Of these, 1
and 5 significantly inhibited MMP-13 expression in SW1353 cells, with 5 being the most potent. Compound 5, a
chalcone derivative, showed the downregulation of MMP-13 at 20 – 100 μM. The mechanism study revealed that
5 exerted MMP-13 down-regulatory action, at least in part, by interrupting the signal transducer and activator of
transcription 1 (STAT1) activation pathway. Furthermore, this compound protected against cartilage degradation
in an IL-1-treated rabbit cartilage explant culture. All these findings demonstrated for the first time that Viscum
album and its constituents, especially chalcone derivative (5), possessed cartilage-protective activity. These
natural products may have the potential for alleviating cartilage degradation.
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Introduction

Matrix metalloproteinases (MMPs) are a group of

enzymes that degrade extracellular matrix components. In

humans, at least 23 MMPs are encoded in DNA.1 Among

these MMPs, MMP-1, -3, and -13 are collagenases mostly

degrading collagenous materials. In some pathological

conditions such as osteoarthritis, these MMPs are highly

induced.2 MMP-13 especially has a crucial role in cartilage

degradation in arthritic conditions. Thus, it is meaningful

to find MMP-13 regulatory agents from synthetic libraries

or natural sources. MMP-13 downregulating agents may

have some advantages over MMP-13 inhibitory agents.

MMP-13 enzyme inhibitors may exert some side effects

because MMP-13 under non-pathological conditions has a

role in the normal turnover of extracellular matrix

materials. Otherwise, MMP-13 down-regulators may only

reduce over-expressed MMP-13 enzyme under certain

conditions, leading to cartilage protection. Previously, we

reported several compounds from plant origins with

MMP-13 down-regulating capacity. For example, certain

flavonoid derivatives were demonstrated to inhibit MMP-

13 expression in chondrocytes.3 Atractylenolide II was

also found to downregulate MMP-13 expression.4 Several

ginsenosides from Korean red ginseng were proved to be

inhibitors of MMP-13 expression.5 Recently, impressic

acid isolated from Acanthopanax koreanum was demons-

trated to exert a potent down-regulatory effect on MMP-

13 expression in SW1353 cells.6 Some of these constituents

were also shown to inhibit cartilage breakdown in a rabbit

cartilage culture. Thus, these natural compounds represent

potential therapeutics against cartilage degradation disorders.

To further extend the library of compounds inhibiting

MMP expression, several herbal extracts were evaluated

for MMP-13 down-regulatory activity in the preliminary

experiment, and the radix of Viscum album was found to

strongly inhibit MMP-13 expression in IL-1-treated

chondrocytes, SW1353 cells. V. album is a semi-parasitic

plant grown on the stems of trees. The radix of V. album

has been used for hundreds of years in herbal medicine to

treat disorders such as epilepsy, hypertension, headache,

arthritis, rheumatism, and pulmonary diseases.7 V. album

is one of the most powerful anti-cancer herbs and is
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prescribed in Europe as an anti-cancer agent.8 Previously,

Korean mistletoe (Viscum album var coloratum Kom.)

extract and its constituents were found to be effective

against cancer, aging, and fatty liver disease.9-11 However,

there are few reports related to inflammation, except for

the inhibition of cyclooxygenase-2 (COX-2) and renal

inflammation by V. album.12-14 Thus, in the present study,

the active constituents of this plant material were isolated

and their pharmacological activities on cartilage protection

were evaluated for the first time.

Experimental

Chemicals  Human IL-1β, 3-(4,5-dimethylthiazol-2-

yl)-2,5-diphenyltetrazolium bromide (MTT), dexame-

thasone, diclofenac, Safranin O and Fast Green were

purchased from Sigma Chem. (St. Louis, MO, USA).

Dulbecco Modified Eagle Medium (DMEM) and other

cell culture reagents including fetal bovine serum (FBS),

were products of Hyclone Laboratories (South Logan,

UT, USA). The protein assay kit was purchased from Bio-

Rad Lab. (Hercules, CA, USA). Anti-MMP-13 antibody

and lactate dehydrogenase (LDH) cytotoxicity WST assay

kit was purchased from Enzo Life Sciences (Farmingdale,

NY, USA). All antibodies relating to mitogen-activated

protein kinase (MAPK), Janus kinase (JAK)/signal trans-

ducer and activator of transcription (STAT) signaling,

nuclear transcription factor-κB (NF-κB) p65 and secondary

antibody were purchased from Cell Signaling Technologies

(Dancers, MA, USA). Anti-β-actin antibody was bought

from Bethyl Laboratories (Montgomery, TX, USA).

SW1353 cells (human chondrosarcoma cell line) were

purchased from American Type Culture Collection (Manassas,

VA, USA). All reagents for reverse transcription-poly-

merase chain reaction (RT-PCR) were bought from Toyobo

(Osaka, Japan). Primers for RT-PCR were purchased from

Qiagen (Hilden, Germany).

Animals  Male New Zealand white rabbits (5 weeks

old) were obtained from Samtako Bio Korea (Osan,

Korea). Animals were maintained in the animal facility

(Kangwon National University, KNU) at 20 - 22 oC under

40 - 60% relative humidity and a 12 h/12 h (light/dark)

cycle. Animal experiment was approved by local committee

for animal experimentation of KNU (KW-200508-1) and

the approval date of IACUC is May 13, 2020. And all

procedures were performed following the guideline

described in the Korea Food and Drug Administration

Guide for the Care and Use of Laboratory Animals

throughout the experiments.

Plant materials and isolation of the constituents 

The dried radix of Viscum album were purchased in local

herbal market and taxonomically identified by one of the

authors (Dr. Y. S. Kwon). A voucher specimen (KNU-10-

W-1) was deposited at the Herbarium of the College of

Pharmacy (KNU, Korea). Initially, for the preliminary

experiment, the dried radix of V. album (180 g) was soaked

in 95% ethanol for 7 days and filtered. The evaporation

gave the dried ethanol extract (15.1 g). The ethanol

extract (15.0 g) was suspended in water and fractioned

with n-hexane, dichloromethane, ethyl acetate and n-

butanol, successfully. The evaporation of each fraction

under reduced pressure provided n-hexane (2.8 g), dicho-

romethane (2.8 g), ethyl acetate (0.8 g) and n-butanol (0.7 g)

fractions. 

For isolation of the constituents, the dried radix of V.

album (12 kg) was powdered and extracted by soaking in

95% ethanol (18 L) at room temperature 3 times for 7

days. After filtration, evaporation under reduced pressure

gave ethanol extract (EE, 1.1 kg). EE was suspended in

distilled water. The suspension was fractionated with n-

hexane and discarded. The remaining extract suspended in

water was fractionated with ethyl acetate and evaporation

procedure gave ethyl acetate fraction (EA, 80.0 g). EA

was poured onto silica gel column (Merck, 63 - 200 μm,

1 kg, 15 × 50 cm) and the column was run using the

stepwise gradients of chloroform:methanol (19:1 – 100%

methanol), yielding 5 fractions (Fr. 1 – 5). Fr. 3 (16 g) was

chromatographed on silica gel column (1 kg, 8 × 50 cm)

using benzene:acetone:methanol (7:2:1), yielding 3 sub-

fractions (Fr. 3-1 – 3-3). Subfraction 3-3 (0.9 g) was chro-

matographed with flash column (CombiFlash® RetrieveTM,

RediSep Octadecyl-Silica (ODS), 43 g) using 50% methanol,

yielding 4 subfractions (Fr. 3-3-1 – 3-3-4). From Fr. 3-3-1,

silica gel chromatography with chloroform:methanol (9:1)

yielded compound 1 (95 mg). Fr. 4 and Fr. 5 were

combined and poured into ODS column (YMC gel, 150

μm, 400 g, 10 × 50 cm) and the column was eluted with

60% methanol yielding 4 subfractions (Fr. 45-1 – 45-4).

The combined Fr. 45-1 and 45-2 (13.1 g) were poured

onto silica gel and eluted with chloroform:methanol (9:1)

yielding 7 subfractions (Fr. 45-12-1 – Fr. 45-12-7). The

combined Fr. 45-12-3 and 45-12-4 (4.8 g) were separated

in flash column (CombiFlash® RetrieveTM, RediSep 80 g)

using water saturated ethyl acetate:methanol (9:1), yielding

8 subfractions (Fr. 45-12-34-1 – Fr. 45-12-34-8). ODS

flash column chromatography (CombiFlash® RetrieveTM,

RediSep ODS 43 g) of Fr. 45-12-34-2 using 40% methanol

as an eluent gave compound 2 (0.4 g). From Fr. 45-12-6,

ODS flash column chromatography (CombiFlash® Re-
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trieveTM, RediSep ODS 43 g) gave compound 3 (30 mg).

From the precipitate of Fr. 45-3, compound 4 (0.3 g) was

obtained. The remaining solution of Fr. 45-3 was separated

with medium pressure liquid chromatography (MPLC)

with silica gel (Merck, 63 – 200 μm, 350 g) using water

saturated ethyl acetate:methanol (9:1), yielding 4 sub-

fractions (Fr. 45-3-1 – 45-3-3). Fr. 45-3-3 (1.0 g) was

chromatographed on Sephadex LH20 column (Pharmacia,

70 g, 3 × 50 cm) using 40% methanol, yielding compound

5 (15.4 mg). 

Compound 1 – Brown powder; 1H NMR (400 MHz,

CD3OD) δ: 6.99 (4H, d, J = 8.4 Hz, H-2′, H-6′, H-2″, H-

6″), 6.68 (4H, d, J = 8.4 Hz, H-3′, H-5′, H-3″, H-5″), 3.80

(2H, m, H-3, H-5), 2.68~2.50 (4H, m, H-1, H-7), 1.67

(4H, m, H-2, H-6), 1.53 (2H, t, J = 6.5 Hz, H-4); 13C

NMR (100 MHz, CD3OD) δ: 156.72 (C-4′, C-4″), 134.90

(C-1′, C-1″), 130.74 (C-2′, C-6′, C-2″, C-6″), 116.51 (C-

3′, C-5′, C-3″, C-5″), 69.13 (C-3, C-5), 46.06 (C-4), 41.80

(C-2, C-6), 32.55 (C-1, C-7); ESI-MS (negative mode),

m/z 297 [M-H]

Compound 2 – White powder; 1H NMR (600 MHz,

DMSO-d6) δ: 12.05 (1H, s, 5-OH), 7.11 (1H, d, J = 1.6

Hz, H-2′), 6.92 (1H, dd, J = 8.2, 1.6 Hz, H-6′), 6.79 (1H,

d, J = 8.4 Hz, H-5′), 6.17 (1H, d, J = 1.2 Hz, H-8), 6.14

(1H, d, J = 1.2 Hz, H-6), 5.49 (1H, dd, J = 12.7, 2.1 Hz,

H-2), 4.96 (1H, d, J = 7.6 Hz, H-1″), 3.7 (3H, s, OCH3)

2.74 (1H, dd, J = 17.2, 2.9 Hz, H-3b); 13C NMR (150

MHz, DMSO-d6) δ: 197.73 (C-4), 165.80 (C-7), 163.40

(C-5), 163.24 (C-9), 148.03 (C-4′), 147.54 (C-3′), 129.60

(C-1′), 120.29 (C-6′), 115.65 (C-2′), 111.74 (C-5′), 103.70

(C-10), 99.95 (C-1″), 97.00 (C-6), 95.93 (C-8), 79.42 (C-

2), 77.57 (C-3″), 76.79 (C-5″), 73.49 (C-2″), 69.96 (C-

4″), 61.03 (C-6″), 56.17 (OCH3), 42.66 (C-3); ESI MS

(positive mode) m/z 487 [M+Na]+

Compound 3 – Amorphous white powder; 1H NMR,

(600 MHz, CD3OD) δ: 6.76 (2H, s, H-2, H-6), 6.55 (1H,

d, J = 15.9 Hz, H-7), 6.34 (1H, dt, J = 5.7, 15.9 Hz, H-8),

4.87 (1H, d, J = 7.6 Hz, H-1′), 4.23 (2H, dd, J = 5.9, 1.1

Hz, H-9), 3.86 (6H, s, OCH3 × 2); 13C NMR (150 MHz,

CD3OD) δ : 152.95 (C-3, C-5), 134.48 (C-4), 133.86 (C-

7), 129.87 (C-1), 128.63 (C-8), 104.05 (C-2, C-6), 103.93

(C-1′), 76.98 (C-5′), 76.43 (C-3′), 74.33 (C-2′), 69.94 (C-

4′), 62.17 (C-9), 61.19 (C-6′), 55.61 (OCH3×2); ESI-MS

(negative mode), m/z 371 [M-H]

Compound 4 – Amorphous brown powder; 1H NMR

(600 MHz, DMSO-d6) δ: 7.67 (1H, dd, J = 8.5, 2.0 Hz,

H-6′), 7.63 (1H, d, J = 2.0 Hz, H-2′), 7.22 (1H, d, J = 8.5

Hz, H-5′), 7.04 (1H, s, H-3), 6.82 (1H, d, J = 1.8 Hz, H-

8), 6.37 (1H, d, J = 1.8 Hz, H-6), 5.44 (1H, s, H-1′′′), 5.14

(1H, d, J = 7.8 Hz, H-1″), 3.90 (3H, s, OCH3), 3.87 (1H,

s, OCH3); 
13C NMR (150 MHz, DMSO-d6) δ: 182.55 (C-

4), 165.73 (C-7), 163.94 (C-9), 161.65 (C-5), 157.80 (C-

2), 150.13 (C-4′), 149.59 (C-3′), 124.45 (C-1′), 120.28 (C-

6′), 115.31 (C-5′), 110.53 (C-2′), 108.83 (C-1′′′), 105.28

(C-10), 104.76 (C-3), 98.55 (C-6), 98.46 (C-1″), 93.31

(C-8), 79.88 (C-3′′′), 77.68 (C-5″), 77.54 (C-2″), 76.54

(C-2′′′), 75.28 (C-3″), 74.49 (C-4′′′), 70.43 (C-4″), 64.98

(C-5′′′), 61.08 (C-6″), 56.58 (OCH3), 56.49 (OCH3); ESI-

MS (negative mode), m/z 607 [M-H]

Compound 5 – Yellowish powder; IR (ATR, cm1) 3356,

1608, 1511, 1428, 1344, 1257, 1208, 1068, 1028; UV

λmax
MeOH

 (log ε) : 274 (5.1), 375 (4.8); UV λmax
MeOH+NaOMe

(log ε) : 277 (5.5), 401 (4.9); 1H NMR (600 MHz, CD3OD)

δ : 8.06 (1H, d, J = 15.4 Hz, H-α), 7.69 (1H, d, J = 15.4

Hz, H-β), 7.41 (1H, d, J = 1.1 Hz, H-2), 7.14 (1H, dd,

J = 8.2, 1.1 Hz, H-6), 6.82 (1H, d, J = 8.2 Hz, H-5), 6.32

(1H, d, J = 2.1 Hz, H-5′), 6.14 (1H, d, J = 2.1 Hz, H-3′),

5.16 (1H, d, J = 7.7 Hz, H-1″), 3.96 (3H, s, OCH3), 3.82

(3H, s, OCH3); 
13C NMR (150 MHz, CD3OD) δ : 194.62

(C=O), 168.00 (C-4′), 167.26 (C-6′), 161.47 (C-2′),

150.64 (C-4), 149.53 (C-3), 145.18 (C-β), 129.02 (C-1),

125.81 (C-α), 125.58 (C-6), 116.35 (C-5), 111.50 (C-2),

107.99 (C-1′), 101.96 (C-1″), 96.51 (C-3′), 94.82 (C-5′),

78.55 (C-5″), 78.48 (C-3″), 75.19 (C-2″), 71.28 (C-4″),

62.42 (C-6″), 56.93 (OCH3), 56.14 (OCH3); TOF-MS

(negative mode) m/z : 477 [M-H]; HR-TOF-MS (negative

mode) m/z : 477.1394 [M-H] (C23H25O11, cacld for 477.1397)

Compounds 1 – 5 were identified as 3,5-dihydroxy-1,7-

bis(4-hydroxyphenyl)heptane, hesperetin-7-glucoside, syringin,

homo-flavoyadorinin B and 4,4′-dihydroxy-3,6′-dimetho-

xychalcone-2′-glucoside (Fig. 1A) with comparison of the

previously published data (compounds 1,15,16 2,17 3,18 4,19

and 520,21,22).

SW1353 cell culture and MMP-13 expression 

SW1353 cells were normally maintained in DMEM with

10% FBS, glutamine and penicillin/streptomycin. For an

induction of MMP-13, IL-1β (10 ng/mL) was added to

the cells in serum-free DMEM. Test compounds were

added to the culture simultaneously with IL-1β treatment.

Twenty four hours later, the media was collected and

concentrated using trichloroacetic acid (TCA)/acetone.

The amounts of MMP-13 in the media were examined by

Western blotting analysis as previously described.5 Protein

concentration in cell lysates was measured by the

Bradford assay (Biorad Laboratories, Hercules, CA, USA).

In brief, same amount of proteins were loaded and

separated on sodium dodecyl sulfate-polyacrylamide gel

electrophoresis (SDS-PAGE). The proteins separated on

gels were blotted onto polyvinylidene difluoride (PVDF)

membrane and reacted with anti-MMP-13 antibody at
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1:1000 in 5% skim milk in tris-buffered in saline with

0.05% tween 20 (TBST) and secondary antibody (1:5000

in TBST). The band densities were visualized with an

enhanced chemiluminescence (ECL) system (GE Healthcare,

UK) with ImageQuant LAS4000 mini and Image J (NIH,

USA). MTT bioassay was used to check cell viability.23

At a non-toxic concentration of the test compounds

following the result of MTT assay, the expression level of

MMP-13 protein was normalized to β-actin. For expression

of MMP-13 gene, total RNA was purified using NucleoSpin

RNA kit (MACHEREY-NAGEL GmbH & Co, Düren,

Germany) and cDNA was synthesized with ReverTra Ace

qPCR RT Master Mix and gDNA Remover (Toyobo,

Osaka, Japan). The gene expression of MMP-13 was

determined by real-time PCR using THUNDERBIRD

SYBR qPCR mix (Toyobo, Osaka, Japan) with specific

primers on C1000 Touch Thermal Cycler (Biorad Lab.,

Hercules, CA, USA). Specific primers of human MMP-13

and glyceraldehyde 3-phosphate dehydrogenase (GAPDH)

were obtained from Qiagen (Hilden, Germany). All test

compounds initially dissolved in dimethyl sulfoxide

(DMSO) were diluted with serum-free DMEM to adjust

the final DMSO concentration of 0.1% (v/v). Cell viability

and the MMP-13 expression level were not changed by

the treatment of 0.1% DMSO (data not shown).

Cellular mechanism study of MMP-13 down-regu-

lation  On MMP-13 induction in IL-1β-treated SW1353

cells, MAPKs and STAT1/2 are crucial.24 Thus, using

total cellular lysates, expression and phosphorylation of

the above molecules were examined using Western

blotting as previously described.5 To examine the expression

levels of three MAPKs (p38 MAPK, extracellular signal

Fig. 1. The chemical structures of the isolated constituents in this study.

(A) Chemical structures of the isolated compounds, (B) Key HMBC correlations of 5.
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regulated kinase (ERK) and c-Jun N-terminal kinase

(JNK)), compound 5 was pretreated 2 h prior to IL-1β (10

ng/mL) treatment and cells was treated with IL-1β for 30

min. In case of STAT1/2 expression, cells was cultured

further with IL-1β for 4 h after pretreatment of compound

5 for 2 h. Total cellular proteins were extracted with Pro-

Prep solution (iNtRON Biotechnology, Seongnam, Korea)

containing 1 mM phenylmethylsulfonyl fluoride (PMSF),

1 mM sodium orthovanadate and 1 mM sodium fluoride.

Phosphorylation of each signaling molecule was normalized

to total expression level of each protein. To examine the

activation of NF-κB p65, nuclear proteins were prepared

1 h after IL-1β treatment as the previous report.5 The

concentration of the nuclear protein was quantified using

bicinchoninic acid (BCA) protein assay (Thermo Scientific,

Lafayette, CO, USA). Proteins were separated, blotted

and visualized as described above. Nuclear proteins were

normalized to Lamin B1.

Rabbit cartilage culture and effects on glycosamino-

glycan release  According to the previously described

procedures,3 articular cartilages were excised from the

femoral condyles of rabbit knee and incubated in DMEM

containing 5% FBS for 1 - 2 days. Approximately 30 mg

cartilage fragments per well were seeded on 48-well

plates. Rabbit cartilage explants were incubated with IL-

1β (10 ng/mL) with/without test compounds for 24 h. The

amounts of released glycosaminoglycan (GAG) in the

supernatant were measured with Blyscan sulfated glyco-

saminoglycan assay kit (Biocolor, Northern Ireland, UK)

based on dimethylmethylene blue (DMMB) assay according

to manufacturer’s protocol. To examine proteoglycan

content in the cartilage, cartilage explants were embedded

in paraffin block, sectioned and stained with Safranin O

and Fast Green. Loss of proteoglycan in the matrix of

cartilage was examined under microscope. For an

examination of cytotoxicity of the compounds in cartilage,

LDH assay was carried out in the media.

Statistical analysis Experimental values are represented

as arithmetic mean  SD. Statistical analysis was evaluated

using one-way ANOVA followed by Dunnett’s analysis

(IBM SPSS Statistics, version 24, Armonk, NY, USA). P

values less than 0.05 were considered as significantly

different.

Results and Discussion

Effects of V. album on MMP-13 induction were examined

in SW1353 cells. SW1353 cells highly expressed MMP-

13 enzyme when treated with IL-1β for 24 h. Fig. 2A

shows that the ethanol extract of V. album clearly and

strongly inhibited MMP-13 expression at 20 – 200 μg/mL

(64.3%, 70.3%, and 80.0% inhibition at 50, 100, and 200

μg/mL, respectively). To identify the active fraction(s),

the inhibitory action of each fraction was examined, and

Fig. 2. Effect on MMP-13 expression of the ethanol extract and fractions of V. album in IL-1β-treated SW1353 cells.

IL-1β (10 ng/mL) was treated with the ethanol extract or each fraction for 24 h. MMP-13 protein in the media was identified using
Western blotting and normalized to β-actin. (A) Effect of ethanol extract (20, 50 100 and 200 μg/mL), (B) Effect of fractions (1: n-hexane,
2: dichloromethane, 3: ethyl acetate, and 4: n-butanol) at 50 μg/mL and the ethanol extract (E, 200 μg/mL). The blot was representative
from three separate blots. ** P < 0.01, * P < 0.05, significantly different from IL-1β-treated positive control.
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the dichloromethane (2) and ethyl acetate (3) fractions

were found to strongly inhibit MMP-13 expression in IL-

1β-treated chondrocytes at 50 μg/mL by 89.4% and

100.1%, respectively (Fig. 2B). Under these concentrations,

the fractions were not cytotoxic to SW1353 cells in the

MTT assay. Based on these results, five constituents were

isolated from the ethyl acetate fraction, the most effective

fraction. Especially, compound 5 was isolated as a

yellowish powder, and its HR-ESI-MS spectrum showed

a molecular ion peak at m/z 477.1394 [M-H], which is

consistent with the molecular formula C23H25O11 (cacld

for 477.1397). The UV absorption bands at 274 and 375

nm and NMR signals [δH 8.06 (1H, d, J = 15.4 Hz), 7.69

(1H, d, J = 15.4 Hz); δC 194.62 (C=O), 145.18 (C-β),

125.81 (C-α)] indicate that compound 5 has a chalcone

skeleton.20 The UV spectrum showed a +26 nm batho-

chromic shift of band Ⅰ, which indicates the presence of a

4-hydroxy group on the B-ring. The 1H NMR spectrum

shows two methoxyl signals at δ 3.96 and 3.82, two

doublets at δ 6.14 and 6.32 (each 1H, d, J = 2.1 Hz)

arising from two meta coupled protons of the A-ring and

ABX patterns of the B-ring [δ 7.41 (1H, d, J = 1.1 Hz),

7.14 (1H, dd, J = 8.2, 1.1 Hz), 6.82 (1H, d, J = 8.2 Hz)].21,22

The 1H NMR spectrum also shows an anomeric proton at

δ 5.16 (1H, d, J = 7.7 Hz). The HMBC spectrum reveals a

sugar located at C-2′ (δH 5.15/δC 161.47), and two

methoxyl groups located at C-3 and C-6′ [(δH 3.96/ δC

149.53); (δH 3.82/ δC 167.26)] (Fig. 1B). Based on the

Fig. 3. Effect on MMP-13 expression by five compounds isolated from ethyl acetate fraction of V. album in IL-1β-treated SW1353 cells.

Five compounds (1 - 5) were treated with IL-1β (10 ng/mL) in SW1353 cells for 24 h. MMP-13 protein in the media was examined using
Western blotting and normalized to β-actin. The expression of MMP-13 gene was evaluated using RT-PCR. (A) Effect of five compounds
at 50 μM on the expression of MMP-13 protein, (B) The dose-dependent effect of compound 5 (Comp 5) at 20, 50 and 100 μM on the
expression of MMP-13 protein. The blot was representative from three separate blots. (C) Effect of compound 5 (Comp 5) at 50 and 100
μM on the expression of MMP-13 gene. DEX: dexamethasone, ** P < 0.01, * P < 0.05, significantly different from IL-1β-treated positive
control.
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above data, compound 5 was determined to be 4, 4′-

dihydroxy-3,6′-dimethoxychalcone-2′-glucoside. All com-

pounds were isolated for the first time from this plant. In

particular, compound 5 is newly isolated from a plant source.

Next, the five constituents isolated were initially

examined for their MMP-13 down-regulatory effects at 50

μM. Fig. 3A shows that compounds 1 and 5 strongly

inhibited MMP-13 expression by 69.4% and 75.1%,

respectively. Since compound 5 possessed the strongest

MMP-13 down-regulatory effects, concentration-dependency

was examined. When examined at 20 – 100 μM, com-

pound 5 showed concentration-dependent inhibition (Fig.

3B). This compound inhibited MMP-13 expression by

68.0%, 84.1%, and 89.1% at 20, 50, and 100 μM, respec-

tively. Dexamethasone, a reference drug, downregulated

MMP-13 production by almost 100%. Furthermore, com-

pound 5 also reduced the gene expression of MMP-13 by

43.7% and 93.0% at 50 and 100 μM, respectively (Fig.

3C). Therefore, the findings confirmed that compound 5

is a major constituent of V. album contributing to

Fig. 4. MMP-13 inhibitory mechanism on MAPKs, STAT1/2 and NF-κB by compound 5.

Compound 5 (5) at 50 and 100 μM was pre-treated 30 min prior to IL-1β (10 ng/mL) treatment. MAPKs and STAT proteins were
identified 15 min (for MAPKs) or 4 h (for STAT1/2) after IL-1β treatment using Western blotting. For NF-κB p65, nuclear proteins were
extracted 1 h after IL-1β treatment and activation of NF-κB p65 was identified using Western blotting. (A) Effect on MAPKs (p38
MAPK, ERK and JNK), (B) Effect on STAT1 and 2. (C) Effect on activation of NF-κB p65. The blot was representative from three
separate blots. * P < 0.05, ** P < 0.01, significantly different from IL-1β-treated positive control.
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inhibitory activity against MMP-13 expression.

So, the cellular mechanism of the MMP-13 inhibitory

action of compound 5 was studied. When the effects on

the MAPK pathway were elucidated, no inhibitory action

on the activation of three major MAPKs (p38 MAPK,

ERK, and JNK) was observed (Fig. 4A). Next, the effect

of compound 5 on the activation of important transcrip-

tion factors was examined. While no significant inhibitory

action on NF-κB p65 and STAT2 activation was found,

significant inhibition of STAT1 phosphorylation by

compound 5 (22.7% and 83.7% inhibition at 50 and 100

μM, respectively) was observed (Figs. 4B and 4C). These

results suggested that compound 5 inhibited MMP-13

expression in chondrocytes possibly by interrupting STAT1

activation.

To examine the protective effect on cartilage, rabbit

cartilage explants were treated with compound 5 (50 and

100 μM) and IL-1β (10 ng/mL) for 24 h. The glycosami-

noglycan (GAG) concentration was measured in the

media. Fig. 5A shows that compound 5 significantly

inhibited GAG release from the cartilage by 30.7% at 100

μM. Diclofenac, as a reference, inhibited GAG release by

40.5% at 30 μM. The lactate dehydrogenase (LDH) con-

centrations in the media demonstrated that compound 5

was not cytotoxic at the tested concentrations (data not

shown). The proteoglycan content in the cartilage was

examined by histochemical analysis using safranin O/fast

green staining. The proteoglycan content was reduced in

the IL-1β-treated positive control. Treatment with com-

pound 5 at 100 μM protected against the loss of cartilage

proteoglycans to a similar extent as treatment with

diclofenac. Thus, these results suggest that compound 5

has protective action against cartilage degradation.

V. album, commonly known as mistletoe, has been used

in Chinese medicine for tonics and anticancer agents. It

contains a mixture of toxic proteins, viscotoxins, and

mistletoe lectins. The leaves and stems are reported to be

more poisonous than the fruit, and there is some evidence

that the toxicity depends upon the species of the tree on

which the mistletoe is growing.25 In contrast, some

extracts showed the possibility to be potential sources of

bioactive drugs.26 In several preclinical and clinical

studies, the application of V. album extract resulted in

enhancement of the immune system and anticancer

effects.8,27 V. album extract enhanced the number and

activity of immune cells such as neutrophils and natural

killer cells.28 Recently, a molecular target for the

anticancer effects of V. album extract was found to be the

STAT3-FOXM1 pathway in breast cancer cells.29 In

relation to the inflammatory effects, V. album extract

showed inhibition of the expression of COX-2 protein and

PGE2 levels, and also inhibited COX-2 activity by

destabilizing COX-2.12,13 In colorectal cancer patients,

medication containing a mistletoe preparation decreased

cancer-related fatigue by targeting long-lasting inflam-

mation, providing supportive care without toxicity.30

Among the active constituents found in the present

study, compound 1 belongs to a diarylheptanoid. This is

Fig. 5. Protective effect against cartilage degradation by compound 5.

Compound 5 (5) at 50 and 100 μM was treated with IL-1β (10 ng/mL) on rabbit cartilage explant for 24 h. GAG released from cartilage
was quantified using Blyscan kit. Cartilage histology was examined using safranin O/fast green staining. Diclofenac was used as a
reference drug (30 μM). (A) Effect on GAG release, (B) Effect on proteoglycan in rabbit cartilage (× 100). + P < 0.01, * P < 0.05,
significantly different from IL-1β-treated positive control.
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the first finding of a diarylheptanoid class compound

showing MMP-13 downregulation. Some investigations

on MMP regulation by natural products have been

conducted. Mostly, the research has focused on the

regulation of MMP-2 and -9 since these two elastases are

known to be involved in cancer metastasis.31,32,33 Con-

cerning collagenases, several classes of natural products

were reported to regulate the expression of MMP-1, -3,

and -13. The prominent inhibitors were reported to be

flavonoids and triterpenoidal ginsenosides. Certain flavones

and flavonols strongly downregulate MMP-1 via JNK/c-

Jun inhibition.34 Although compounds 2 and 4 belong to

the flavonoid class, these flavonoids did not show

significant inhibitory action, whereas compound 5 belonging

to the chalcones, which are part of the flavonoid family,

strongly inhibited MMP-13 expression in this study. The

activity of other chalcone derivatives against MMP-13

expression should be examined to confirm their phar-

macological action in the future. 

Importantly, the study of the mechanism of action of

the downregulation of MMP-13 by compound 5 indicated

that STAT1 was the main target. MMP-13 expression is

regulated by various signaling mechanisms at multiple

stages during osteoarthritis pathogenesis. In a previous

study, the STAT1/2 pathway was found to be closely

related to IL-1β-induced MMP-13 expression in a

chondrocyte cell line.24 Certain flavonoids and com-

pounds reduced MMP-13 expression by interrupting the

STAT1/2 pathway.3,6 Among the STAT family, STAT1

plays an important role in modulating cell growth,

differentiation, and the metabolism of the JAK/STAT

pathway.35,36 In the present study, however, compound 5

affected only the phosphorylation of STAT1, not STAT2.

Some studies demonstrated that certain compounds

inhibiting MMP-13 expression suppressed the activation

of JAK2/STAT1.37,38 Recently, MiR-467b was shown to

alleviate LPS-induced inflammation by targeting STAT1

in chondrogenic ATDC cells.39 Also, STAT1 was identified

as one of the five master regulators in rheumatoid arthritis

by analyzing the Molecular Signature Database.40 For

JAK/STAT pathway, studies have reported the involve-

ment of JAK/STAT pathway in rheumatoid arthritis, but

not osteoarthritis. However, as shown in the studies

mentioned above including our present study, the STAT

pathway was revealed to play a crucial role in MMP-13

expression in chondrocytes. In particular, compound 5

reduced only the activation of STAT1. Furthermore,

compound 5 had no effect on the activation of MAPKs

and NF-κB p65. Compound 5 also did not affect AP-1

components such as c-Jun and c-Fos in a preliminary

study (data not shown). The findings indicate that the

downregulation of MMP-13 expression by compound 5

was more closely related to the STAT1 signaling mechanism.

The ex vivo cartilage experiment also supports the direct

protection against cartilage degradation by compound 5

by inhibiting GAG release and proteoglycan loss in IL-

1β-treated cartilage explants.

In conclusion, V. album and its constituents, 1 and 5,

possessed MMP-13 down-regulating action. This plant

and its constituents may have the potential to protect

cartilage degradation in some pathological conditions.
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