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Introduction

     OA is characterized by loss of articular cartilage 

components, mainly proteoglycans (PGs), leading to tissue 

destruction and hypocellularity, eventually resulting in loss 

of joint function1). In particular, the proinflammatory 

cytokines have been shown to stimulate cartilage resorption 

and inhibit the synthesis of new matrix components in 

articular tissue2,3). In addition, cytokines cause increases in 

prostaglandin E2 (PGE2) and nitric oxide release from 

chondrocytes4,5), and reports have implicated both PGE2 and 

nitric oxide involvement in the process of cartilage matrix 

turnover6,7). Consequently, there is a pressing need to 

develop disease-modifying OA drugs8), and currently, the 

primary approach in the clinical treatment of OA involves 

the use of nonsteroidal anti-inflammatory drugs (NSAIDs), 
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analgesics and hyaluronan, which allow symptomatic relief, 

but provided no apparent disease-modifying effect9). In 

some instances, NSAIDs may even be deleterious effects; 

they inhibited the synthesis of PG, which play a crucial role 

in maintaining the function of the cartilage9). Therefore, 

there is a critical need to develop alternative agents that can 

be prevent the destruction of cartilages or stimulate its 

proper repair. In these aspects, various efforts have been 

trialed that search for effective cartilage preserve agents 

through natural sources or mixed formulations with medicinal 

foods to achieve more potent anti-arthritic agents10-12).

     The pomegranate tree, which is said to have flourished 

in Eden, has been used extensively in the traditional 

medicine for a number of therapeutic purposes13). 

Pomegranate is a rich source of crude fibers, pectin, 

sugars, and several tannins14). In addition, it has been 

reported that pomegranate contains some species of 

flavonoids and anthocyanidins in their seed oil and juice, 

and shows an antioxidant activity three times more potently 

than red wine and green tea extract15,16). Furthermore, the 

powerful and favorable chondrocytes protective effects of 

pomegranate through their potent antioxidant and 

anti-inflammatory effects have been warranted, recently17-20). 

Owing to these significant biological activities, pomegranate 

juice is being increasingly popularized in world wide. 

Eucommiae Cortex (EC) is a dried stem bark of Eucommia 

ulmoides Oliver (Eucommiaceae), and has been used as a 

top-grade medicine in Korean medicine for antihypertensive, 

anti-inflammatory, antiviral, invigorating the kidney and 

hepatoprotective activities without side effects21-23). 

Particularly, anti-arthritic effects of EC also reported, as 

component of mixed herbal formulations24,25). Achyranthis 

Radix (AR), a dried root part of Achyranthes japonica Nakai 

or Achyranthes bidentata Blume, is an important traditional 

Korean medicine and is extensively used by Korean 

medicine practitioners for the treatment of osteodynia of 

the lumbar region and knees, spasm and flaccidity of 

limbs26). In particular, anti-arthritic effects of AR also 

well-documented through various in vivo and in vitro 

experiments27,28). Since appropriated mixed formulations of 

medicinal agents have been showed synergic elevation of 

biological activities on various diseases through diversity of 

their ingredients29-33), it therefore, expected that 

appropriated mixed formulations with pomegranate 

concentration powder (PCP), EC and AR will be achieved 

more potent alternative agents for osteoarthritis. 

Furthermore, it is suggested that mixed formulation of PCP 

as main components with appropriate proportion of EC and 

AR as additional components will be achieved a potent and 

novel synergic mixed formula to alternative medicinal food 

for osteoarthritis, through further animal experiments in 

our previous in vitro study34), and PCP:AR:EC 5:4:1 (g/g) 

was selected as the fittest mixed formulations showing 

obvious synergic anti-OA potentials as compared with equal 

dosages of each single formulas (PCP, EC or AR, 

simultaneously) in our previous selection experiment using 

surgically induced OA rats35). 

     The objective of present study is to evaluate 

concentration-dependent in vitro anti-OA effects of synergic 

mixed formula - PCP:EC:AR 5:4:1 (g/g) on the primary 

cultured rat articular chondrocytes.

Materials and Methods

1. Primary cultures of normal rat articular chondrocytes

     Rat articular chondrocytes for primary culture were 

isolated from the knee joints of SPF/VAF Outbred 

Crl:CD1[SD, Sprague-Dawley] male rats (OrientBio, 

Seungnam, Korea) after 14 days after acclimatization. 

Cartilage was washed in phosphate-buffered saline (PBS) 

and finely minced into pieces measuring about 1–3 mm3. 

The cartilage tissue was digested for 0.5 hrs with 0.2% 

pronase (Sigma-Aldrich, St Louis, MO, USA), and then 

digested for 4 hrs with 0.1% collagenase (Sigma-Aldrich, St 

Louis, MO, USA) at 37℃. After collection of individual cells 

by brief centrifugation, the cells were cultured in 

Dulbecco’s modified Eagle’s medium (DMEM) supplemented 

with antibiotic–antimycotic solution (100 U/mL penicillin, 100 

mg/mL streptomycin and 0.25 mg/mL amphotericin B; Life 

Technologies, Carlsbad, CA, USA). The medium was 

replaced every 2 days, and the cells were incubated at 37℃ 

under a humidified 5% CO2 atmosphere. Cells within 5 

passage times were used in this experiment. 

2. Test materials

     PCP contains 1.15 mg/g ellagic acid as an active 

ingredient, EC and AR were prepared and supplied by 

Health Love Ltd. (Anyang, Korea). In addition, LPS 

(Sigma-Aldrich, St. Louise, MO, USA) as inducer agent for 

inflammatory responses, and rhIL-1α (eBioscience, San 

Diego, CA, USA) as inducer agent for degradation and 

cytotoxicity on the primary cultured rat articular 

chondrocytes were purchase from local supplier as follows, 

respectively. Stock solution of PCP:EC:AR 5:4:1 (g/g) mixed 

formula was prepared by direct dissolved PCP, EC and AR 

in 1 ml of distilled water as 5, 4 and 1 mg, and used 
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10-fold dilutions for lower concentrations, respectively. 

Stock solutions of PCP:EC:AR 5:4:1 (g/g) mixed formula 

were storage in a refrigerator at 4℃ until treatment.

3. Cell viability assay

     Cell viability was determined using MTT assay. The 

primary cultured rat articular chondrocytes were seeded in 

24-well plates at a density of 2×104 cells per well and 

cultured at 37℃ in 5% CO2. After one day of stabilization, a 

fresh medium containing 2% serum was added and the cells 

were incubated in a CO2 incubator at 37℃ in the presence 

of samples (PCP:EC:AR 5:4:1 (g/g) mixed formula at 0.001, 

0.01, 0.1, 1 and 10 mg/ml concentration) for 24 hrs 

with/without the addition of rhIL-1α 5 ng/ml (at 1 hr after 

test substance treatment), before being treated with 100 μl 

of 2.5 mg/ml of MTT (Sigma-Aldrich, St. Louise, MO, USA). 

The cells then incubated at 37℃ for an additional 4 hrs. 

The medium containing MTT was discarded, and MTT 

formazan that had been produced was extracted with 1 ml 

of DMSO. The absorbance, optical density (OD) was read at 

570 nm with a reference wavelength of 650 nm with a 

micro plate reader (Sunrise; Tecan, Männedorf, Switzerland). 

The cell viability being calculated as Cell viability (%) = 

OD570(sample)/OD570(control)× 100, where OD570 (sample) 

is the absorbance of the treated cells at 570 nm and OD570 

(control) is the absorbance of the negative control at 570 

nm (non-treated cells). The results are reported in terms of 

50% inhibitory concentrations (IC50) for cell viability, and 

50% effective concentrations (EC50) for rhIL-1α-induced 

chondrocyte death, respectively.

4. Assay of PGE2 production

     The primary cultured rat articular chondrocytes were 

seeded in 24-well plates at a density of 2×104 cells per well 

and cultured at 37℃ in 5% CO2. After one day of 

stabilization, a fresh medium containing 10% fetal bovine 

serum (FBS; Life Technologies, Carlsbad, CA, USA) was 

added and the cells were incubated in a CO2 incubator at 

37℃ in the presence of samples (PCP:EC:AR 5:4:1 (g/g) 

mixed formula at 0.0001, 0.001, 0.01, 0.1 and 1 mg/ml 

concentration) for 24 hrs with the addition of LPS 50 μg/ml 

(at 1 hr after test substance treatment). The PGE2 contents 

in incubated supernatant were measured using a 

commercial PGE2 assay kit (R&D Systems, Minneapolis, MN, 

USA) with a micro plate reader (Sunrise; Tecan, Männedorf, 

Switzerland) as pg/ml levels according to instructor’s 

protocol as previously reported12). The results are reported 

in terms of IC50 for LPS-induced PGE2 production.

5. Assay of 5-LPO activity

     The primary cultured rat articular chondrocytes were 

seeded in 24-well plates at a density of 2×104 cells per well 

and cultured at 37℃ in 5% CO2. After one day of 

stabilization, a fresh medium containing 10% FBS was added 

and the cells were incubated in a CO2 incubator at 37℃ in 

the presence of samples (PCP:EC:AR 5:4:1 (g/g) mixed 

formula at 0.0001, 0.001, 0.01, 0.1 and 1 mg/ml 

concentration) for 24 hrs with the addition of LPS 50 μg/ml 

(at 1 hr after test substance treatment). The 5-LPO activities 

in incubated supernatant were measured using a commercial 

Lipoxygenase Inhibitor Screening Assay kit (Cayman 

Chemical, Ann Arbor, MI, USA) with a micro plate reader as 

μM/min/ml of supernatant according to instructor’s protocol 

as previously reported12). The results are reported in terms 

of IC50 for LPS-induced 5-LPO activity.

6. MMP inhibitory assays

     The primary cultured rat articular chondrocytes were 

seeded in 24-well plates at a density of 5×104 cells per well 

and cultured at 37℃ in 5% CO2. After one day of 

stabilization, a fresh medium containing 10% FBS was added 

and the cells were incubated in a CO2 incubator at 37℃ in 

the presence of samples (PCP:EC:AR 5:4:1 (g/g) mixed 

formula at 0.0001, 0.001, 0.01, 0.1 and 1 mg/ml 

concentration) for 24 hrs with the addition of rhIL-1α 5 

ng/ml (at 1 hr after test substance treatment). The MMP-2 

and MMP-9 activities in incubated supernatant were 

measured using a commercial MMP ELISA kit (Mybiosource, 

San Diego, CA, USA) with a micro plate reader at OD 560 

nm as ng/ml of supernatant according to instructor’s 

protocol as previously reported11), respectively. The results 

are reported in terms of IC50 for rhIL-1α-induced MMP-2 

and MMP-9 activities.

7. ECM related chondrogenic gene mRNA expressions

     The primary cultured rat articular chondrocytes were 

seeded in 24-well plates at a density of 5×106 cells per well 

and cultured at 37℃ in 5% CO2. After one day of 

stabilization, a fresh medium containing 10% FBS was added 

and the cells were incubated in a CO2 incubator at 37℃ in 

the presence of samples (PCP:EC:AR 5:4:1 (g/g) mixed 

formula at 0.0001, 0.001, 0.01, 0.1 and 1 mg/ml 

concentration) for 24 hrs with the addition of rhIL-1α 5 

ng/ml (at 1 hr after test substance treatment). The collagen 

type II, SOX9 and aggrecan mRNA expressions on the 

harvest cells were detected by realtime RT-PCR according 

to previously established methods11,12). Briefly, RNA was 
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extracted using Trizol reagent (Invitrogen, Carlsbad, CA, 

USA), according to the method described in previous 

study11,12). The RNA concentrations and quality were 

determined by CFX96TM Real-Time System (Bio-Rad, 

Hercules, CA, USA). To remove contaminating DNA, samples 

were treated with recombinant DNase I (DNA-free; Ambion, 

Austin, TX, USA). RNA was reverse transcribed using the 

reagent High-Capacity cDNA Reverse Transcription Kit 

(Applied Biosystems, Foster City, CA, USA) according to the 

manufacturer’s instructions. Briefly, the cDNA strand first 

was synthesized from the total RNA and then the mixture of 

the primers and the cDNA products was amplified by PCR, 

and the conditions of PCR amplification were 58℃ for 30 

min, 94℃ for 2 min, 35 cycles of 94℃ for 15 sec, 60℃ for 

30 sec, 68℃ for 1min, and then 72℃ for 5 min. Analysis 

was carried out using ABI Step One Plus Sequence 

Detection System (Applied Biosystems, Foster City, CA, 

USA), and their expression levels were calculated as relative 

to vehicle control. The expression of β-actin mRNA was 

used as a control for tissue integrity in all samples. The 

sequences of the PCR oligonucleotide primers were as 

follows: 1) Collagen type II = 

5’-GAGTGGAAGAGCGGAGACTACTG-3’ (Sense), and 

5’-CTCCATGTTGCAGAAGACTTTCA-3’ (Antisense); 2) SOX9 = 

5’-AGAGCGTTGCTCGGAACTGT-3’ (Sense), and 

5’-TCCTGGACCGAAACT GGTAAA-3’ (Antisense); 3) Aggrecan 

= 5’-GATGTCCCCTGCAATTACCA-3’ (Sense), and 5’-TCTGTG 

CAAGTGATTCGAGG-3’ (Antisense); 4) β-actin = 

5’-ATCGTGGGCCGCCCTAGGCA-3’ (Sense), and 

5’-TGGCCTTAGGGTTCAGAGGGG-3’ (Antisense).

8. Statistical analyses

     All in vitro data were expressed as mean ± SD of six 

independent experiments, respectively. Multiple comparison 

tests for different dose groups were conducted. Variance 

homogeneity was examined using the Levene test. If the 

Levene test indicated no significant deviations from variance 

homogeneity, the obtain data were analyzed by one way 

ANOVA test followed by least-significant differences 

multi-comparison (LSD) test to determine which pairs of 

group comparison were significantly different. In case of 

significant deviations from variance homogeneity was 

observed at Levene test, a non-parametric comparison test, 

Kruskal-Wallis H test was conducted. When a significant 

difference is observed in the Kruskal-Wallis H test, the 

Mann-Whitney U (MW) test was conducted to determine the 

specific pairs of group comparison, which are significantly 

different. Statistical analyses were conducted using SPSS for 

Windows (Release 14.0K, IBM SPSS Inc., Armonk, NY, USA). 

Differences were considered significant at P<0.05. EC50 or 

IC50 values in each in vitro assay were calculated by Probit 

methods using SPSS for Windows (Release 14.0K, IBM SPSS 

Inc., Armonk, NY, USA)36). In addition, the percent changes 

between vehicle and inducer agent treated control were 

calculated to observe the severities of induced damages as 

[((Data of inducer agent treated control – Data of vehicle 

control)/Data of vehicle control) × 100], and the percent 

changes as compared with inducer agent treated control 

control and test substance treated cells were also calculated 

to help the understanding of the efficacy of test materials 

as [((Data of test material treated cells – Data of inducer 

agent treated control)/Data of inducer agent treated control) 

× 100], respectively37).

Results

1. Cytotoxicity on the normal primary cultured rat articular 

chondrocytes

     No meaningful or significant changes on the cell 

viabilities were demonstrated in all five different 

concentrations – 0.001, 0.01, 0.1, 1 and 10 mg/ml 

concentration levels of PCP:EC:AR 5:4:1 (g/g) mixed formula 

treated primary cultured rat articular chondrocytes as 

compared with vehicle control after 24 hrs after incubation 

time, respectively. Accordingly, IC50 of PCP:EC:AR 5:4:1 (g/g) 

of mixed formula for primary cultured rat articular 

chondrocyte viability were detected as >10 mg/ml, in the 

present study(Fig. 1).
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Fig. 1. Effects on the normal primary cultured rat articular 

chondrocyte viabilities. Values are expressed mean ± SD of six 

independent experiments. AR = Aqueous extracts of Achyranthis Radix; EC 

= Aqueous extracts of Eucommiae Cortex; PCP = Pomegranate juice 

concentration powder; IC50 = 50% inhibitory concentrations; MTT = 

3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium Bromide. Cells were 

treated with 0 (control), 0.001, 0.01, 0.1, 1 and 10 mg/ml of PCP:EC:AR 

5:4:1 (g/g) mixed formula dissolved in sterilized distilled water, and 

incubated for 24 hrs, and additional 4 hrs with MTT, respectively.
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2. The cytoprotection effect on rhIL-1α treated chondrocytes

     Significant (p<0.01) decreases of cell viabilities were 

detected after treatment of rhIL-1α 5 ng/ml as compared 

with non-treated vehicle control, but these rhIL-1α 

treatment related cell deaths were significantly (p<0.01 or 

p<0.05) inhibited by pretreatment of all five concentrations 

of PCP:EC:AR 5:4:1 (g/g) mixed formula, from 0.001 mg/ml 

to 1 mg/ml, and accordingly EC50 for rhIL-1α-induced 

chondrocyte death of PCP:EC:AR 5:4:1 (g/g) mixed formula 

was calculated as 27.34 μg/ml, in this experiment(Fig. 2).
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Fig. 2. Cytoprotection effect on rhIL-1α-treated chondrocytes. Values 

are expressed mean ± SD of six independent experiments. AR = Aqueous 

extracts of Achyranthis Radix; EC = Aqueous extracts of Eucommiae Cortex; 

PCP = Pomegranate juice concentration powder; EC50 = 50% effective 

concentrations; MTT = 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 

Bromide; rhIL = Recombinant human interleukin. Cells were pretreated 

with 0.0001, 0.001, 0.01, 0.1 and 1 mg/ml of PCP:EC:AR 5:4:1 (g/g) mixed 

formula and then further incubated with 5 ng/ml of rhIL-1α for 24 hrs. Cell 

viability was measured by MTT analysis. a p<0.01 as compared with vehicle 

control; b p<0.01 and c p<0.05 as compared with rhIL-1α treated control.

3. Inhibitory effects on PGE2 productions

     Marked and significant (p<0.01) elevations of PGE2

contents were observed after treatment of LPS 50 μg/ml as 

compared with non-treated vehicle control, but these LPS 

treatment related PGE2 production elevations were 

significantly (p<0.01) inhibited by pretreatment of all five 

concentrations of PCP:EC:AR 5:4:1 (g/g) mixed formula, 

from 0.001 mg/ml to 1 mg/ml, and accordingly IC50 for 

LPS-induced PGE2 production of PCP:EC:AR 5:4:1 (g/g) 

mixed formula was demonstrated as 119.49 μg/ml, in our 

experiment(Fig. 3).

4. Inhibitory effects on 5-LPO activities

     Significant (p<0.01) increases of 5-LPO activities were 

observed after treatment of LPS 50 μg/ml as compared with 

non-treated vehicle control, but these LPS treatment related 

increases of 5-LPO activities were also significantly (p<0.01) 

inhibited by pretreatment of all five concentrations of 

PCP:EC:AR 5:4:1 (g/g) mixed formula, from 0.001 mg/ml to 

1 mg/ml, and accordingly IC50 for LPS-induced 5-LPO 

activity of PCP:EC:AR 5:4:1 (g/g) mixed formula was 

detected as 30.01 μg/ml, in the current experiment(Fig. 4).

P
G

E
2
 c

o
n

te
n

ts
 (

p
g

/m
l)

0

50

100

150

200

250

PCP:EC:AR 5:4:1 (g/g) mixed formula

Vehicle LPS 0.0001 0.001 0.01 1 (mg/ml)0.1

a

ab

a

ab

ab

ab

IC50 = 119.49 μg/ml

Fig. 3. Inhibitory effects on PGE2 productions. Values are expressed 

mean ± SD of six independent experiments. AR = Aqueous extracts of 

Achyranthis Radix; EC = Aqueous extracts of Eucommiae Cortex; PCP = 

Pomegranate juice concentration powder; IC50 = 50% inhibitory 

concentrations; PGE2 = Prostaglandin E2; LPS = Lipopolysaccharide. Cells 

were pretreated with 0.0001, 0.001, 0.01, 0.1 and 1 mg/ml of PCP:EC:AR 

5:4:1 (g/g) mixed formula and then further incubated with 50 μg/ml of LPS 

for 24 hrs. PGE2 contents were measured by a commercial assay kit. a 

p<0.01 as compared with vehicle control; b p<0.01 as compared with LPS 

treated control.
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Fig. 4. Inhibitory effects on 5-LPO activities. Values are expressed mean 

± SD of six independent experiments. AR = Aqueous extracts of 

Achyranthis Radix; EC = Aqueous extracts of Eucommiae Cortex; PCP = 

Pomegranate juice concentration powder; IC50 = 50% inhibitory 

concentrations; LPO = Lipoxygenase; LPS = Lipopolysaccharide. Cells were 

pretreated with 0.0001, 0.001, 0.01, 0.1 and 1 mg/ml of PCP:EC:AR 5:4:1 

(g/g) mixed formula and then further incubated with 50 μg/ml of LPS for 

24 hrs. 5-LPO activities were measured by a commercial assay kit. a 

p<0.01 as compared with vehicle control; b p<0.01 as compared with LPS 

treated control.

5. Inhibitory effects on MMP-2 and MMP-9 activities

     Dramatic and significant (p<0.01) increases of MMP-2 

and MMP-9 activities were observed after treatment of 

rhIL-1α 5 ng/ml as compared with non-treated vehicle 

control, but these rhIL-1α treatment related increases of 

MMP-2 and MMP-9 activities were significantly (p<0.01) 

inhibited by pretreatment of all five concentrations of 
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PCP:EC:AR 5:4:1 (g/g) mixed formula, from 0.001 mg/ml to 

1 mg/ml, and accordingly IC50 for rhIL-1α-induced MMP-2 

and MMP-9 activities of PCP:EC:AR 5:4:1 (g/g) mixed 

formula were detected as 44.01 and 162.47 μg/ml, in the 

present experiment(Fig. 5, 6).
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Fig. 5. Inhibitory effects on MMP-2 activities. Values are expressed 

mean ± SD of six independent experiments. AR = Aqueous extracts of 

Achyranthis Radix; EC = Aqueous extracts of Eucommiae Cortex; PCP = 

Pomegranate juice concentration powder; IC50 = 50% inhibitory 

concentrations; MMP = Matrix metalloproteinase; rhIL = Recombinant 

human interleukin. Cells were pretreated with 0.0001, 0.001, 0.01, 0.1 and 1 

mg/ml of PCP:EC:AR 5:4:1 (g/g) mixed formula and then further incubated 

with 5 ng/ml of rhIL-1α for 24 hrs. MMP-2 activities were measured by a 

commercial assay kit. a p<0.01 as compared with vehicle control; b p<0.01 

as compared with rhIL-1α treated control.
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Fig. 6. Inhibitory effects on MMP-9 activities. Values are expressed 

mean ± SD of six independent experiments. AR = Aqueous extracts of 

Achyranthis Radix; EC = Aqueous extracts of Eucommiae Cortex; PCP = 

Pomegranate juice concentration powder; IC50 = 50% inhibitory 

concentrations; MMP = Matrix metalloproteinase; rhIL = Recombinant 

human interleukin. Cells were pretreated with 0.0001, 0.001, 0.01, 0.1 and 1 

mg/ml of PCP:EC:AR 5:4:1 (g/g) mixed formula and then further incubated 

with 5 ng/ml of rhIL-1α for 24 hrs. MMP-9 activities were measured by a 

commercial assay kit. a p<0.01 as compared with vehicle control; b p<0.01 

as compared with rhIL-1α treated control.

6. Up-regulation ECM related chondrogenic gene mRNA 

expressions

     Noticeable and significant (p<0.01) decreases of ECM 

related chondrogenic gene mRNA expressions –collagen type 

II, SOX9 and aggrecan, were observed after treatment of 

rhIL-1α 5 ng/ml as compared with non-treated vehicle 

control, but these decreases of collagen type II, SOX9 and 

aggrecan mRNA expressions were significantly (p<0.01 or 

p<0.05) up-regulated by pretreatment of all five 

concentrations of PCP:EC:AR 5:4:1 (g/g) mixed formula, 

from 0.001 mg/ml to 1 mg/ml, and accordingly EC50 for 

rhIL-1α-induced inhibition of collagen type II, SOX9 and 

aggrecan mRNA expressions of PCP:EC:AR 5:4:1 (g/g) mixed 

formula were calculated as 8.61, 10.79 and 4.47 μg/ml, in 

the current result(Fig. 7-9).

Fig. 7. Effects on collagen type II mRNA expressions. Values are 

expressed mean ± SD of six independent experiments. AR = Aqueous 

extracts of Achyranthis Radix; EC = Aqueous extracts of Eucommiae Cortex; 

PCP = Pomegranate juice concentration powder; EC50 = 50% effective 

concentrations; rhIL = Recombinant human interleukin. Cells were 

pretreated with 0.0001, 0.001, 0.01, 0.1 and 1 mg/ml of PCP:EC:AR 5:4:1 

(g/g) mixed formula and then further incubated with 5 ng/ml of rhIL-1α 

for 24 hrs. Collagen type II mRNA expressions were measured by realtime 

RT-PCR. The relative levels of collagen type II genes were normalized 

based on the level of β-actin. a p<0.01 as compared with vehicle control; 

b p<0.01 and c p<0.05 as compared with rhIL-1α treated control.

Fig. 8. Effects on SOX9 mRNA expressions. Values are expressed mean 

± SD of six independent experiments. AR = Aqueous extracts of 

Achyranthis Radix; EC = Aqueous extracts of Eucommiae Cortex; PCP = 

Pomegranate juice concentration powder; EC50 = 50% effective 

concentrations; rhIL = Recombinant human interleukin. Cells were 

pretreated with 0.0001, 0.001, 0.01, 0.1 and 1 mg/ml of PCP:EC:AR 5:4:1 

(g/g) mixed formula and then further incubated with 5 ng/ml of rhIL-1α 

for 24 hrs. SOX9 mRNA expressions were measured by realtime RT-PCR. 

The relative levels of SOX9 genes were normalized based on the level of 

β-actin. a p<0.01 as compared with vehicle control; b p<0.01 and c p<0.05 

as compared with rhIL-1α treated control. 
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Fig. 9. Effects on aggrecan mRNA expressions. Values are expressed 

mean ± SD of six independent experiments. AR = Aqueous extracts of 

Achyranthis Radix; EC = Aqueous extracts of Eucommiae Cortex; PCP = 

Pomegranate juice concentration powder; EC50 = 50% effective 

concentrations; rhIL = Recombinant human interleukin. Cells were 

pretreated with 0.0001, 0.001, 0.01, 0.1 and 1 mg/ml of PCP:EC:AR 5:4:1 

(g/g) mixed formula and then further incubated with 5 ng/ml of rhIL-1α 

for 24 hrs. Aggrecan mRNA expressions were measured by realtime 

RT-PCR. The relative levels of aggrecan genes were normalized based on 

the level of β-actin. a p<0.01 as compared with vehicle control; b p<0.01 

as compared with rhIL-1α treated control.

Discussion

     In the present study, no obvious cytotoxic effects of 

PCP:EC:AR 5:4:1 (g/g) were demonstrated upto concentration 

level of 10 mg/ml, the highest concentration tested in this 

study, on the primary cultured rat articular chondrocytes. 

IC50 for cell viability of PCP:EC:AR 5:4:1 (g/g) were detected 

as >10 mg/ml in this study. Treatment of LPS 50 μg/ml 

induced significant (p<0.01) increases of PGE2 contents and 

5-LPO activities, indicating inflammatory responses of the 

primary cultured rat articular chondrocytes, and also 

decreases of cell viabilities, increases of MMP-2 and MMP-9 

activities with decreases of ECM related collagen type II, 

SOX9 and aggrecan mRNA expressions were observed by 

treatment of rhIL-1α 50 ng/ml, suggesting cellular damages 

on the primary cultured rat articular chondrocytes and 

related ECM degradations. However, these inflammatory 

damages of chondrocytes and related ECM degradations 

induced by treatment of LPS or rhIL-1α were significantly 

(p<0.01 or p<0.05) and concentration-dependently inhibited 

by pretreatment of PCP:EC:AR 5:4:1 (g/g) from a 

concentration level of 0.001 mg/ml to 1 mg/ml, at least in 

a condition of this study. EC50 for rhIL-1α-induced 

chondrocyte death of PCP:EC:AR 5:4:1 (g/g) were calculated 

as 27.34 μg/ml, and IC50 for LPS-induced PGE2 production 

and LPO activity were detected as 119.49 and 30.01 μg/ml, 

respectively. In addition, PCP:EC:AR 5:4:1 (g/g) showed IC50

for rhIL-1α-induced MMP-2 and MMP-9 activities as 44.01 

and 162.47 μg/ml, and also showed EC50 for rhIL-1α

-induced inhibition of collagen type II, SOX9 and aggrecan 

mRNA expression as 8.61, 10.79 and 4.47 μg/ml, 

respectively. These findings are indicated that PCP:EC:AR 

5:4:1 (g/g) mixed formula showed concentration-dependent 

anti-inflammatory and cytoprotective ECM preserved effects 

on the primary cultured rat articular chondrocytes without 

cytotoxicity, at least in a condition of the present study. It, 

therefore, is expected that PCP:EC:AR 5:4:1 (g/g) mixed 

formula will be promising as a new potent protective or 

refinement agents for relieving various OA signs. 

     Cell growth inhibition assay using MTT is generally 

used in vitro assay to detect possible cytotoxic activities of 

test materials, and has been widely used for screening the 

basic safety of candidates38,39). In this MTT assay, favorable 

osteoarthritis control agent should be showed lower 

cytotoxic effects on normal chondrocytes, and can be 

protect the physical and inflammatory response related 

chondrocyte deaths and damages11,12). In the present study, 

no meaningful or significant changes on the cell viabilities 

were demonstrated in PCP:EC:AR 5:4:1 (g/g) mixed formula 

treated primary cultured rat articular chondrocytes, upto 10 

mg/ml concentration, the highest concentration tested in 

this experiment, as compared with non-treated vehicle 

control after 24 hrs after incubation time. Accordingly, IC50

of PCP:EC:AR 5:4:1 (g/g) for primary cultured rat articular 

chondrocyte viability were detected as >10 mg/ml, in the 

present study. In addition, rhIL-1α treatment related cell 

deaths were also significantly inhibited by pretreatment of 

all five concentrations of PCP:EC:AR 5:4:1 (g/g) mixed 

formula, from 0.001 mg/ml to 1 mg/ml, and accordingly 

EC50 for rhIL-1α-induced chondrocyte death of PCP:EC:AR 

5:4:1 (g/g) mixed formula was calculated as 27.34 μg/ml, in 

this experiment. These are considered as direct evidences 

that PCP:EC:AR 5:4:1 (g/g) mixed formula has 

concentration-dependent favorable cytoprotection effects on 

the chondrocyte damages induced by inflammatory stresses, 

at least in a condition of this experiment. 

     Metabolism of arachidonic acid has been regarded as 

critical mechanisms that regulated the body homeostasis, as 

part of inflammatory processes; it involved in the synthesis 

of prostaglandins – chemical mediator of inflammation and 

leukotriene – chemical mediator to regulate immune 

responses including inflammatory, asthmatic and allergic 

responses40). 5-LPO is an enzyme that involved in 

biosynthesis of leukotriene41), and PGE2 was produced by 

other enzyme, cyclooxygenase (COX)-2 coordination with 

IL-1 and tumor necrosis factor (TNF)-α and involved in 

etiopathogenesis of osteoarthritis, the degradation of 
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articular cartilages42,43). In addition, PGE2 also induced 

abnormal bone growth and painful osteophytes, which were 

frequently encounted in the patients suffering from 

osteoarthritis12,44). In the present study, anti-inflammatory 

potentials of test substances were observed through PGE2

productions and 5-LPO activities on the LPS treated 

primary cultured rat articular chondrocytes. Similar to 

previous report12), marked elevations of PGE2 contents and 

5-LPO activities were observed after treatment of LPS 50 μ

g/ml on the primary cultured rat articular chondrocytes, 

but these LPS treatment related PGE2 production and 5-LPO 

activity elevations were significantly inhibited by 

pretreatment of all five concentrations of PCP:EC:AR 5:4:1 

(g/g) mixed formula, from 0.001 mg/ml to 1 mg/ml, and 

accordingly IC50 for LPS-induced PGE2 production and 

5-LPO activity of PCP:EC:AR 5:4:1 (g/g) mixed formula was 

demonstrated as 119.49 and 30.01 μg/ml, in our experiment. 

It, therefore, expected that PCP:EC:AR 5:4:1 (g/g) mixed 

formula will be showed favorable anti-OA effects, through 

their potent anti-inflammatory activities, at least partially, in 

a condition of the current study.

     Important enzymes involved in deconstruction of 

chondrocyte and bony tissue, are proteolytic enzymes, 

MMPs, and they were inhibited by tissue inhibitor of 

metalloproteinases system at normal conditions45). Since 

MMPs act as protease that degraded the ECM, mainly PGs46), 

they have been regarded as a valuable treatment target in 

osteoarthritis11,47). As results of the present study, dramatic 

increases of MMP-2 and MMP-9 activities were observed 

after treatment of rhIL-1α 5 ng/ml on the primary cultured 

rat articular chondrocytes, well corresponded to the 

previous studies7,9,11). However, these rhIL-1α treatment 

related increases of MMP-2 and MMP-9 activities were also 

significantly inhibited by pretreatment of all five 

concentrations of PCP:EC:AR 5:4:1 (g/g) mixed formula, 

from 0.001 mg/ml to 1 mg/ml, and accordingly IC50 for 

rhIL-1α-induced MMP-2 and MMP-9 activities of PCP:EC:AR 

5:4:1 (g/g) mixed formula were detected as 44.01 and 162.47 

μg/ml, in the present experiment. These findings are 

suggested that powerful MMP-2 and MMP-9 inhibitory 

effects of PCP:EC:AR 5:4:1 (g/g) mixed formula, and related 

chondrocyte protective effects, at least in a part of the 

possibilities for anti-OA effects, in a condition of this 

experiment.

     It has been believed that degradations of ECM such as 

collagen type II, aggrecan and SOX9 from the results of 

inflammation related chondrocyte deaths and damages are 

involved in the deterioration of the homeostasis and 

articular functional limitations in osteoarthritis48). Quite 

similar to those of other investigations7,9,11), our present 

realtime RT-PCR analysis indicated that noticeable decreases 

of ECM related chondrogenic gene mRNA expressions – 

collagen type II, SOX9 and aggrecan after treatment of 

rhIL-1α 5 ng/ml on the primary cultured rat articular 

chondrocytes, but these decreases of collagen type II, SOX9 

and aggrecan mRNA expressions were significantly 

up-regulated by pretreatment of all five concentrations of 

PCP:EC:AR 5:4:1 (g/g) mixed formula, from 0.001 mg/ml to 

1 mg/ml, and accordingly EC50 for rhIL-1α-induced 

inhibition of collagen type II, SOX9 and aggrecan mRNA 

expressions of PCP:EC:AR 5:4:1 (g/g) mixed formula were 

calculated as 8.61, 10.79 and 4.47 μg/ml, in the current 

result. These findings are considered as direct evidences 

that PCP:EC:AR 5:4:1 (g/g) mixed formula has favorable 

articular cartilage preserve effects, through enhancement of 

ECM production of chondrocytes, at least in a condition of 

the present study. 

Conclusion

     Taken together the results of this experiment, it is 

observed that PCP:EC:AR 5:4:1 (g/g) mixed formula showed 

concentration-dependent anti-inflammatory and cytoprotective

ECM preserved effects on the primary cultured rat articular 

chondrocytes without cytotoxicity. It, therefore, is expected 

that PCP:EC:AR 5:4:1 (g/g) mixed formula will be promising 

as a new potent protective or refinement agents for 

relieving various OA signs. At least in a condition of this 

experiment, PCP:EC:AR 5:4:1 (g/g) did not show any 

cytotoxicity against to primary cultured rat articular 

chondrocytes, upto 10 mg/ml concentrations. EC50 for 

rhIL-1α-induced chondrocyte death of PCP:EC:AR 5:4:1 (g/g) 

were calculated as 27.34 μg/ml, and IC50 for LPS-induced 

PGE2 production and LPO activity were detected as 119.49 

and 30.01 μg/ml, respectively. In addition, PCP:EC:AR 5:4:1 

(g/g) showed IC50 for rhIL-1α-induced MMP-2 and MMP-9 

activities as 44.01 and 162.47 μg/ml, and also showed EC50

for rhIL-1α-induced inhibition of collagen type II, SOX9 and 

aggrecan mRNA expression as 8.61, 10.79 and 4.47 μg/ml, 

respectively.
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