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Objectives: We examined the effects of a mixed formula consisting of dried pomegranate concentrate powder (PCP) and 
the aqueous extracts of Eucommiae cortex (EC) and Achyranthis radix (AR) in rats with surgically induced osteoarthritis (OA). 
Methods: Two weeks after OA-inducing surgery, a PCP:EC:AR 5:4:1 (g/g) combination or single formula was 
orally administered. Changes in body weight, knee thickness, maximum knee extension angle, bone mineral density 
of the knee joints, femoral and tibial articular surfaces, and compressive strength of the femoral and tibial articular 
cartilage (AC) were assessed, along with the prostaglandin E2 level, 5-lipoxygenase, matrix metalloproteinase (MMP)-2 
and MMP-9 activity, and chondrogenic gene mRNA expression in the femoral and tibial AC with the synovial 
membrane (SM). In addition, the number of cleaved poly(ADP-ribose) polymerase, cyclooxygenase and tumor 
necrosis factor-α-immunoreactive cells in the femoral and tibial AC with SM were monitored, and the rate of 
cell proliferation was determined with a 5-bromo-2’-deoxyuridine uptake assay. 
Results : The signs of surgically induced OA in rats were significantly inhibited by both PCP, EC and AR combined 
and single formulas. In particular, the combination formula-treated OA model rats showed dose-dependent, significantly 
increased inhibitory activity against all tested criteria compared with single formula-treated rats. 
Conclusions: Taken together, our results suggest that the combination formula synergistically increased the anti-OA 
effects of its components through anti-inflammatory and chondrogenic activity in rats with surgically induced OA. 
In addition, 200, 100 and 50 mg/kg combination formula treatments showed dose-dependent inhibitory activity 
against all of the tested criteria. 
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Introduction

Osteoarthritis (OA) occurs when the function and 

structure of articulation is altered by age and injury; 

it is the most common joint disease in the elderly1). 

Aging is considered an important factor in the 

development of OA because the inevitable repetitive 

loading or injury of articular cartilage (AC) leads to 

increased regeneration, which consequently causes 

cartilage degeneration2). The expression of 

pro-inflammatory cytokines, such as interleukin (IL)-1, 

IL-6, IL-18 and tumor necrosis factor-α (TNF-α) 

increase proportionally with age; they stimulate 

cartilage resorption and inhibit the synthesis of new 

matrix components in articular tissue3-5). These 

inflammatory OA pathways can be induced by impaired 

autophagy, oxidative stress, failure to clear apoptotic 

bodies and protein misfolding3-5). 

AC is a complex structure composed of chondrocytes 

and the extracellular matrix (ECM), including collagen, 

proteoglycans (PGs), aggrecan and SRY-box 9 

(SOX9)6),7). Changes in the ECM induce the 

pathogenesis of OA. Once AC is damaged by physical 

forces, it loses PGs and undergoes swelling and 

hypertrophy. When chondrocytes recognize changes in 

the ECM to synthesize matrix molecules, chondrocytes 

increase and produce nitric oxide, which activates 

cytokines8). In addition, IL-1 and TNF-α stimulate the 

production of prostaglandin E2 (PGE2) by inducing 

the expression of cyclooxygenase-2 (COX-2) and 

soluble phospholipase A2
9). As the balance between 

the synthesis and degradation of chondrocytes is an 

important factor in the maintenance of AC, the 

disruption of this process results in the progressive 

thinning of the AC10). The expression of matrix 

metalloproteinases (MMPs) also participates in the 

degradation of collagens, and ultimately, the disruption 

of fibril function11). The thinning and destruction of 

the AC results in the clinical symptoms of joint pain 

and loss of joint function8),9).

Because the number of older people is increasing 

worldwide, the prevalence of OA is expected to increase. 

Thus, there is an urgent need to develop 

disease-modifying OA drugs for patients suffering from 

OA12). Nonsteroidal anti-inflammatory drugs 

(NSAIDs), analgesics, and hyaluronic acid have been 

used to slow the progression of OA, but have no overt 

disease-modifying effects2). NSAIDs may even 

exacerbate the progression of OA, and these effects 

are likely due to the suppression of the synthesis of 

PG, a key component in the formation and function 

of cartilage2). Our group has been exploring agents 

with protective effects against OA6),7),13), including 

natural products, medicinal foods and mixed 

formulations, to determine whether they exhibit potent 

anti-arthritic effects.

Pomegranates have a high fiber, pectin and tannin 

content14), and contain flavonoids and anthocyanins in 

their seed oil and juice. Furthermore, powerful 

antioxidant and anti-inflammatory effects of 

pomegranate on chondrocytes have been identified 15-18); 

our previous studies demonstrated that pomegranate 

has various biological activities such as antioxidant 

and anti-inflammatory effects19-22). These protective 

effects have caused pomegranate products to become 

increasingly popular worldwide. Eucommiae cortex 

(EC) has been used in the protection of the liver and 

kidneys, and the treatment of hypertension, 

inflammation and viral infection in traditional Korean 

medicine23-25). In particular, EC as a component of a 

mixture has been demonstrated to promote anti-arthritic 

properties26),27). Achyranthis radix (AR) has been used 

extensively in the treatment of osteodynia of the lumbar 

region and knees, as well as flaccidity and spasms of 

the limbs28). Several previous studies have demonstrated 

the anti-arthritic properties of AR through in vivo and 
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in vitro experiments29),30). 

As mixed formulations of medicinal agents may have 

synergistic biological activity from the diversity of their 

ingredients19),31-34), we expected that appropriately 

mixed formulations of pomegranate concentrate powder 

(PCP), EC and AR could be potent alternative agents 

to treat OA. The results of our previous in vitro study35) 

suggested that a mixed formulation of PCP with 

appropriate proportions of EC and AR induced potent 

synergistic effects. Based on these results, an in vivo 

study was performed to select the appropriate 

proportions among the nine types of formulations 

consisting of PCP with AR and EC. As a result, a 

PCP:AR:EC 5:4:1 (g/g) combination was selected as 

the best, showing evident synergistic anti-OA potential 

compared with equal dosages of each single formula 

(PCP, EC or AR)36). However, the previous in vivo 

study was insufficient to obtain information regarding 

the PCP:AR:EC 5:4:1 (g/g) combination because the 

objective was focused on determining the appropriate 

proportion of the treatments. Thus, this study examined 

the dose-dependent effects of several doses of the 

PCP:AR:EC 5:4:1 (g/g) combination in rats with 

surgically induced OA through an anterior cruciate 

ligament transection and partial medial meniscectomy. 

The expression levels of PGE2, 5-lipoxygenase (LPO), 

MMP-2, and MMP-9 were observed in rats with 

surgically induced OA concomitant with the transcript 

levels of chondrogenic genes. Knee thickness and the 

maximum extension angles of each knee were analyzed, 

along with the numbers of cleaved poly(ADP-ribose) 

polymerase (PARP), COX-2 and TNF-α

-immunoreactive cells in the femoral and tibial AC 

with the synovial membrane (SM). 

Materials and methods

Animals and husbandry

A total of 105 healthy male SPF/VAF outbred rats 

and Crl:CD1[Sprague-Dawley] rats (6-week old, 

150~180 g upon receipt; OrientBio, Seungnam, Korea) 

were used after acclimatization for 8 days. The rats 

were maintained at 20-25°C and 45-55% humidity. The 

light:dark cycle was 12L:12D; feed and water were 

supplied ad libitum. Ninety rats underwent the surgical 

induction of OA, in the following treatment groups: 

OA control (orally administered distilled water), 

diclofenac group (2 mg/kg subcutaneous diclofenac 

sodium), PCP group (orally administered 200 mg/kg 

PCP), EC group (orally administered 200 mg/kg EC), 

AR group (orally administered 200 mg/kg AR), 200 

mg/kg group (orally administered 200 mg/kg PCP:EC:AR 

mixed formula), 100 mg/kg group (orally administered 

100 mg/kg PCP:EC:AR mixed formula) and 50 mg/kg 

group (orally administered 50 mg/kg PCP:EC:AR mixed 

formula). 15 rats were sham-operated control rats, 

receiving orally administered distilled water. All of the 

laboratory animals were treated according to 

internationally accepted regulations.

Approval by the Institutional Animal Care and Use 

Committee of Daegu Haany University (Gyeongsan, 

Gyeongbuk, Korea) was obtained prior to all animal 

experiments [Approval No., DHU2015-051].

Preparation and administration of test 

substances

PCP contained the active ingredient, 1.15 mg/g 

ellagic acid. The EC extracts (containing 1.62 mg/g 

pinoresinol diglucoside) and AR extracts (containing 

0.25 mg/g ecdysterone) were prepared and supplied 

by HL Science Co., Ltd. (Uiwang-si, Gyeonggi-do, 

Korea). All test materials were stored at 4°C and 

protected against light and moisture. A dose level of 
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200 mg/kg was selected as the highest dose of the 

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

as requested by the sponsor based on the highest possible 

clinical dosage in humans. The 100 and 50 mg/kg doses 

were selected as the middle and lowest doses by reducing 

the initial dose by a factor of 2. The doses of each 

single herbal extract (PCP, EC and AR) were also 

administered at 200 mg/kg to directly compare the 

potential synergistic effects with the mixed formula.

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

of 200, 100, and 50 mg/kg, or 200 mg/kg PCP, EC 

or AR were dissolved in distilled water at 5 mL/kg 

and orally administered once daily for 58 days beginning 

2 weeks after OA surgery. 2 mg diclofenac was dissolved 

in 5 mL sterile saline and subcutaneously administered 

on the dorsal back skin at a volume of 5 mL/kg, 

equivalent to 2 mg/kg, daily for 58 days beginning 

14 days after OA surgery. Each single formula of PCP, 

EC and AR was prepared by dissolving 200 mg in 

5 mL distilled water, after which it was orally 

administered in a volume of 5 mL/kg, equivalent to 

200 mg/kg, as in our previous study36). The PCP:EC:AR 

5:4:1 (g/g) mixed formula was prepared by directly 

dissolving 100, 80 and 20 mg PCP, EC and AR in 

5 mL distilled water for the highest dosage; 50, 40 

and 10 mg for the middle dosage, or 25, 20, and 5 

mg for the lowest dosage; this was orally administered 

in a volume of 5 mL/kg, equivalent to 200, 100, and 

50 mg/kg, respectively. Equal volumes of vehicle 

(distilled water) were orally administered to the sham 

and OA control rats. Formulations of test substances 

were prepared weekly and stored at 4°C until use.

OA induction by anterior cruciate 

ligament transection and partial medial 

meniscectomy

Ten rats per group were allocated (selected) according 

to variations in body weight and knee thickness at 6 

days after OA surgery. Isoflurane (2-3% for induction, 

1-1.5% for maintenance; Hana Pharm. Co., Hwasung, 

Korea) in a mixture of N2O and O2 was used for 

anesthesia with an inhalation anesthesia apparatus 

(Surgivet, Waukesha, WI, USA) and a ventilator (Model 

687, Harvard Apparatus, Cambridge, UK). The OA 

induction group received surgery including anterior 

cruciate ligament transection and partial medial 

meniscectomy through an incision on the medial aspect 

of the joint capsule, in front of the medial collateral 

ligament. Then the incision was sutured in two layers. 

The joint capsule was closed separately from the 

peripheral tissue using dissolving 5-0 Vicryl sutures, 

and the skin was closed with interrupted silk sutures. 

The operated side was used as OA induced side; the 

other side (non-operated, intact side) was designated 

as the contralateral side. A similar operation was 

performed in the sham operated group, except for the 

anterior cruciate ligament transection and partial medial 

meniscectomy, according to the method described 

above34),37-39).

Body weight measurements

The body weights of rats were recorded once per 

week using an electronic balance. The rats were 

sacrificed at 24 h after the last administration of 

treatment. Rats were fasted overnight for ~18 h prior 

to surgery for reducing the risk of the anaesthesia-related 

pulmonary aspiration40-42), but were provided with free 

access to water.

Measurements of knee thickness

At 6 days after the surgical induction of OA, on 

the day of initial administration, and at 1, 7, 14, 21, 

28, 35, 42, 49, 57 and 58 days after treatment, the 

knee thickness was observed in the OA-operated hind 

knees using digital calipers (Mytutoyo, Tokyo, Japan) 

with the joint capsule exposed to minimize the 
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differences from surrounding tissues. Knee thickness 

was also measured at sacrifice.

Determination of the maximum extension 

angle of the knees

After sacrifice, the region between the coxofemoral 

joint and ankle was dissected in OA-induced knees, 

while the intact articular capsule was excluded. 

Following dissection, each knee was examined to 

determine the maximum extension angle, as described 

in previous methods34),37-39),43). Angle 0° corresponds 

to the fullest possible extension. To reduce bias in the 

operations and measurements, the same veterinarian 

examined the extension levels for all rats.

Measurement of focal bone mineral 

density (BMD)

The mean focal BMD of the OA or sham-operated 

total knee joints, and femoral and tibial articular surfaces 

were detected by live dual-energy X-ray absorptiometry 

(DEXA; InAly zer, Medikors, Seungnam, Korea; 

g/cm2).

Measurement of CS

Focal CS was detected on the femoral and tibial 

articular surfaces of the rats by Newton (SV-H1000, 

Japan Instrumentation System Co., Tokyo, Japan).

Preparation of femoral and tibial AC with 

SM tissue homogenates

Tissue homogenates were obtained from the femoral 

and tibial AC with SM using an ultrasonic cell disruptor 

(Model KS-750, Madell Technology Corp., Ontario, 

CA, USA). Tissue homogenates were centrifuged at 

21,000 x g, and separated supernatants were used to 

detect PGE2 levels and 5-LPO, MMP-2 and MMP-9 

activity 

Determination of PGE2 levels

The PGE2 levels were determined using a PGE2 assay  

kit (R&D Systems, Minneapolis, MN, USA) with the 

supernatants obtained from the femoral and tibial AC 

with SM. The optical densities were read at 540 nm 

with a microplate reader (Sunrise; Tecan, Männedorf, 

Switzerland; pg/mL), according to the manufacturer’s 

instructions.

5-LPO activity assay

5-LPO levels were determined using a Lipoxygenase 

Inhibitor Screening Assay kit was acquired from 

Cayman Chemical Company (Ann Arbor, MI, USA) 

with the supernatants obtained from the femoral and 

tibial AC with SM. The optical densities were read 

at 490 nm with a microplate reader (μM/min/mL), 

according to the manufacturer’s instructions.

MMP inhibitory assay

MMP-2 and MMP-9 activity were separately 

measured in the supernatants of femoral and tibial AC 

with SM tissue homogenates using a commercial MMP 

ELISA kit (Mybiosource, San Diego, CA, USA). 

Optical density was read as 560 nm (ng/mL) using 

a microplate reader, according to the manufacturer’s 

protocol.

Reverse transcription-quantitative 

polymerase chain reaction (RT-qPCR) 

analysis of ECM-related chondrogenic 

gene mRNA expression

Collagen type II, SOX9, and aggrecan mRNA 

expression levels in prepared femoral and tibial AC 

and in the SM homogenates were detected separately 

by RT-qPCR according to previously established 

methods44),45). Briefly, RNA extraction was performed 

with TRIzol reagent, as per the method described in 
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previous studies7),13). The concentration of the RNA 

samples were analyzed using the CFX96TM Real-Time 

System (Bio-Rad, Hercules, CA, USA). To obtain RNA 

with high integrity, recombinant DNase I (DNA-free; 

Ambion, Austin, TX, USA) was used for the removal 

of DNA contamination. The reverse transcription of 

RNA was conducted with the High-Capacity cDNA 

Reverse Transcription Kit (Applied Biosystems, Foster 

City, CA, USA) according to the manufacturer's 

protocols. The amplification of cDNA by PCR was 

conducted as follows: 58°C for 30 min, 94°C for 2 min, 

35 cycles of 94°C for 15 sec, 60°C for 30 sec, 68°C 

for 1 min, and 72°C for 5 min. Analyses were performed 

using the ABI Step One Plus Sequence Detection System 

(Applied Biosystems, Foster City, CA, USA). Transcript 

levels were expressed as relative to the vehicle control. 

The mRNA level of β-actin was used as a loading control. 

Primer sequences were as follows: Collagen type II, 

5’-GAGTGGAAGAGCGGAGACTACTG-3’ and 5’- 

CTCCATGTTGCAGAAGACTTTCA-3’; SOX-9, 

5’-AGAGCGTTGCTCGGAACTGT-3’ and 

5’-TCCTGGACCGAAACTGGTAAA-3’; Aggrecan, 

5’-GATGTCCCCTGCAATTACCA-3’ and 

5’-TCTGTGCAAGTGATTCGAGG-3’; β-actin, 

5’-ATCGTGGGCCGCCCTAGGCA-3’ and 

5’-TGGCCTTAGGGTTCAGAGGGG-3’. The relative 

expression of collagen type II, SOX-9 and aggrecan 

was calculated using the 2-ΔΔCq method46).

5-bromo-2’-deoxyuridine uptake (BrdU) 

proliferation assay

To examine the effects of the test substances on 

the proliferation of cells, a BrdU assay was performed 

within the rat knee joints. The rats were intraperitoneally 

injected with BrdU (Sigma-Aldrich, St. Louise, MO, 

USA) at 72 h prior to sacrifice39),47). BrdU uptake was 

detected by immunohistochemistry using an anti-BrdU 

antibody, as described previously34),37),38), for the 

femoral and tibial AC and SM.

Histology 

Samples were taken from the knee joints, including 

the joint capsules, and immersed in 10% neutral-buffered 

formalin for fixation. Next, the samples were decalcified 

using a decalcifying solution for 5 days. The sections 

from each knee joint were longitudinally trimmed, 

paraffin-embedded, serially sectioned (3-4 μm). In order 

to reduce interpretation bias, blinded histological 

assessments were conducted using a light microscope.

Immunohistochemistry

Corresponding purified primary antibodies were used 

to determine the immunoreactivity levels for the apoptotic 

marker PARP (Cell Signaling Technology Inc, Danvers, 

MA, USA, 9545) and the proinflammatory cytokines 

TNF-α (Santa Cruz Biotechnology, Santa Cruz, CA, USA, 

sc-52746) and COX-2 (Cayman Chemical., Ann Arbor, 

MI, USA, 160126), using an avidin-biotin-peroxidase 

complex (ABC) and a peroxidase substrate kit (Vector 

Labs, Burlingame, CA, USA) for the femoral and tibial 

AC and SM tissues. Briefly, samples were incubated 

with methanol with 0.3% H2O2 for 30 min to block 

endogenous peroxidase activity. The samples were then 

incubated with normal horse serum solution for 1 h to 

block non-specific immunoglobulin binding. The 

sections were incubated with the primary antibody at 

4°C in a humidified chamber, then the biotinylated 

universal secondary antibody and ABC solutions were 

added at 18-25°C in the humidified chamber. Finally 

a peroxidase substrate kit was added for 3 min at 18-25°C, 

and the sections were washed three times in 0.01 M 

PBS for 10 min each. 

Histomorphometry

The Mankin score was used to evaluate the femoral 

and tibial AC damages using the Safranin-O stain, as 
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previously recommended by a number of 

researchers34),37-39). A high score represents a high level 

of OA (Semiquantative scores; Max = 12). All 

histological analyses were performed by the same 

pathologist, who was blinded to the group distributions. 

In addition, the thicknesses of the tibial and femoral 

AC (μm/cartilage), the epithelial lining thickness of 

the SM (μm/knee joint) and the number of inflammatory 

cells infiltrating the SM (cells/mm2) were measured 

in longitudinally prepared and trimmed samples using 

automated image analyzer software (iSolution FL ver 

9.1, IMT i-solution Inc., Vancouver, Quebec, Canada), 

according to our previously established methods 34),37-39). 

Samples were considered positive if >20% of the cells 

were immunoreactive to the BrdU, PARP, TNF-α or 

COX-2 antibodies as determined using an automated 

digital image analyzer (cells/mm2).

Statistical analyses

Data is shown as the mean ± SD of 10 rats. Differences 

between groups were tested using multiple comparison 

tests. The Levene test was performed for homogeneity 

of variance. Where there were no significant deviations 

from homogeneity of variance, the data were analyzed 

by a one-way analysis of variance followed by a 

least-significant difference (LSD) multiple comparison 

test to determine which pairs were significantly 

different. In cases of significant deviations from 

homogeneity of variance, the non-parametric 

Kruskal-Wallis H test was conducted instead; where 

significant differences were determined in the 

Kruskal-Wallis H test, the Mann-Whitney U test (MW) 

with Bonferroni's correction was performed to 

determine the intergroup difference. SPSS software 

(SPSS Inc., Chicago,IL, USA) was used for all statistical 

data analyses. P<0.05 was regarded as statistically 

significant. 

Results

Changes in body weight

Ten rats were chosen for each group with distributed 

body weights at 6 days after OA induction; there were 

no significant differences in initial body weight between 

the rat groups. None of the PCP:EC:AR 5:4:1 (g/g) 

mixed formula-administrated groups displayed 

significant changes in body weight compared with those 

of the PCP, EC and AR single formula-administrated 

group throughout the experiment (Fig 1).

Changes in knee thickness

Significant increases in knee thickness were observed 

in OA control rats compared with sham control rats. 

OA-induced knee thickness significantly decreased after 

treatment with 200, 100 or 50 mg/kg PCP:EC:AR 5:4:1 

(g/g) mixed formula. In particular, 200 and 100 mg/kg 

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

dose-dependently decreased knee thickness compared 

with PCP, EC or AR single formula-treated rats from 

1 day after initial administration. The 50 mg/kg 

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

decreases in knee thickness after 7 days (Fig 2). 

Fig. 1. Effect of mixed formulation (Pomegranate 
Concentration Powder (PCP): Aqueous extracts of 
Eucommiae Cortex (EC): Aqueous extracts Achyranthis 
Radix (AR) 5:4:1 (g/g)) on changes of body weight of 
surgically induced osteoarthritis (OA). The data are shown 
as mean ± S.D. of 10 rats, g. 
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Effects on knee thickness after capsule 

exposure

Significant increases in capsule-exposed knee thickness 

were detected in OA control rats compared with sham 

control rats. However, significant decreases in knee 

thickness after capsule exposure were observed in all 

test substance-treated rat groups, including the PCP 

single formula-treated OA rats compared to OA control 

rats. The 200, 100 and 50 mg/kg PCP:EC:AR 5:4:1 (g/g) 

formula groups also showed dose-dependent decreases 

in capsule-exposed knee thickness compared with each 

PCP, EC, and AR single treatment group (Fig 3).

Effects on maximum knee extension angle

Significant increases in maximum knee extension 

angle were observed in the OA control rats compared 

to sham control rats; however, these angles were 

significantly decreased in response to 200, 100, and 

50 mg/kg PCP:EC:AR 5:4:1 (g/g) compared with those 

of OA control rats. In particular, the 200, 100, and 

Fig. 2. Effect of mixed formulation (Pomegranate 
Concentration Powder (PCP): Aqueous extracts of 
Eucommiae Cortex (EC): Aqueous extracts Achyranthis 
Radix (AR) 5:4:1 (g/g)) on knee thickness changes of 
surgically induced osteoarthritis (OA). Significant 
(p<0.01) increases of knee thicknesses were 
demonstrated in OA control rats as compared with sham 
control rats in the present study (arrow). Significant 
(p<0.01) decreases of knee thicknesses were 
demonstrated in diclofenac, PCP: EC:AR 5:4:1 (g/g) 
mixed formula 200 and 100 mg/kg treated rats as 
compared with OA control rats, and in PCP, AR and 
EC single formula 200 mg/kg, PCP:EC:AR 5:4:1 (g/g) 
mixed formula 50 mg/kg treated rats as compared with 
OA control rats, respectively (dot arrows). Values are 
expressed mean ± S.D. of 10 rats, mm. 

Fig. 3. Effect of mixed formulation (Pomegranate 
Concentration Powder (PCP): Aqueous extracts of 
Eucommiae Cortex (EC): Aqueous extracts Achyranthis 
Radix (AR) 5:4:1 (g/g)) on knee thickness changes after 
capsule exposure of surgically induced osteoarthritis (OA). 
a p<0.01, compared to the sham control; b p<0.01 and 
c p<0.05, compared to the OA control; d p<0.01 and e 
p<0.05, compared to the PCP only; f p<0.01, compared 
to the EC only; g p<0.01, compared to the AR only.

Fig. 4. Effect of mixed formulation (Pomegranate 
Concentration Powder (PCP): Aqueous extracts of 
Aqueous extracts of Eucommiae Cortex (EC): Aqueous 
extracts Achyranthis Radix (AR) 5:4:1 (g/g)) on knee 
extension angles of surgically induced osteoarthritis (OA). 
a p<0.01, compared to the sham control; b p<0.01, compared 
to the OA control; and c p<0.05 and d p<0.01, compared 
to the PCP only; e p<0.01, compared to the EC only; f 
p<0.01 and g p<0.05, compared to the AR only.
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50 mg/kg PCP:EC:AR 5:4:1 (g/g) combination treated 

rats also showed dose-dependent decreases in maximum 

knee extension angle compared with each single formula 

group (Fig 4).

Effects on DEXA images and BMD

Noticeable OA-related signs were identified in the 

X-ray images of OA control rats, including loss of 

the knee joint region, femoral and tibial AC erosion 

and osteophyte formation. In addition, significant 

corresponding decreases in the focal BMD of the total 

knee joint, as well as the femoral and tibial articular 

surface regions, were observed in OA control rats 

compared with the sham control rats. However, notable 

decreases in OA-like X-ray signs and corresponding 

increases in the total knee joint, and femoral and tibial 

articular surface BMDs were observed in all of the 

test substance-treated rats, including the AR single 

formula-treated OA rats compared to OA control rats. 

In particular, the 200, 100 and 50 mg/kg combination 

treatment groups showed dose-dependent inhibition of 

OA-like X-ray signs, and significant increases in total 

knee joint, and femoral and tibial articular surface focal 

BMDs compared with groups treated with PCP, EC 

or AR alone (Table 1 and Fig 5).

Fig. 5. Representative DEXA images of the knee joints, 
taken from sham-operated or OA rats. Noticeable 
OA-related X-ray images including loss of the knee joint 
region, the femur and tibia AC erosion, and osteophyte 
formations (arrows) were observed in OA control rats DEXA 
image analysis as compared with sham control rats, 
respectively. (A), Sham vehicle control; (B), OA control; 
(C), OA-surgery+ diclofenac sodium 2 mg/kg 
subcutaneously; (D), OA-surgery+ 200 mg/kg PCP only; 
(E), OA-surgery+200 mg/kg EC only; (F), OA-surgery+200 
mg/kg AR only; (G), 200 mg/kg PCP:EC:AR 5:4:1 (g/g); 
(H), 100 mg/kg PCP:EC:AR 5:4:1 (g/g) mixed formula; (I), 
50 mg/kg PCP:EC:AR 5:4:1 (g/g) mixed formula. AR = 
Aqueous extracts of Achyranthis Radix; OA = Osteoarthritis; 
EC = Aqueous extracts of Eucommiae Cortex; PCP = 
Pomegranate Concentration Powder; DEXA = Dual-energy 
x-ray absorptionmetry; AC = Articular cartilage.

Table 1. Effects of PCP:EC:AR 5:4:1 (g/g) Mixed Formula on Focal BMD

Items
Groups

Focal BMD
Total knee joint Femur articular surface Tibia articular surface

Controls
  Sham 0.0567±0.0028 0.0583±0.0032 0.0597±0.0030
  OA 0.0437±0.0020 a 0.0440±0.0019 a 0.0449±0.0019 a

Diclofenac 0.0506±0.0023 ab 0.0506±0.0022 ab 0.0508±0.0028 ab

Single formula (200 mg/kg)
  PCP 0.0482±0.0013 ab 0.0486±0.0016 ab 0.0484±0.0017 ab

  EC 0.0476±0.0019 ab 0.0477±0.0026 ab 0.0479±0.0013 ab

  AR 0.0477±0.0018 ab 0.0480±0.0021 ab 0.0483±0.0016 ab

Mixed formula - PCP:EC:AR 5:4:1 (g/g)
200 mg/kg 0.0531±0.0017 abcef 0.0547±0.0023 abcef 0.0548±0.0034 abcef

100 mg/kg 0.0521±0.0019 abcef 0.0528±0.0010 abcef 0.0534±0.0016 abcef

50 mg/kg 0.0503±0.0024 abdef 0.0509±0.0013 abdef 0.0509±0.0021 abcef

Data are shown as mean ± SD of 10 rats, g/cm2. BMD, Bone mineral density; OA, Osteoarthritis; PCP, Pomegranate Concentration 
Powder; EC, Aqueous extracts of Eucommiae Cortex; AR, Aqueous extracts of Achyranthis Radix. a p<0.01, compared to the sham control; 
b p<0.01, compared to the OA control; c p<0.01 and d p<0.05, compared to the PCP only; e p<0.01, compared to the EC only; f p<0.01, 
compared to the AR only.
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Effects on the CS of the femoral and tibial 

AC

Femoral and tibial AC focal CS significantly 

decreased in OA control rats compared with sham 

control rats. By contrast, the 200, 100 and 50 mg/kg 

combination treatment groups showed an increased 

femoral and tibial AC focal CS compared with the 

OA control group. In particular, the 200, 100 and 50 

mg/kg combination treatment groups showed 

dose-dependent and significant increases in focal CS 

for both femoral and tibial AC compared with the PCP, 

EC and AR single formula treatment groups (Fig 6).

Changes in PGE2 levels of the femoral and 

tibial AC with SM

PGE2 levels in the femoral and tibial AC with SM 

significantly increased in the OA control group 

compared with the sham control group. However, 

significant decreases in the femoral and tibial AC with 

SM PGE2 levels were observed in all of test 

substance-treated groups compared with the OA control 

group. Particularly, the 200, 100 and 50 mg/kg 

combination-treated groups showed significant and 

Fig. 6. Effect of mixed formulation (Pomegranate 
Concentration Powder (PCP): Aqueous extracts of 
Eucommiae Cortex (EC): Aqueous extracts Achyranthis 
Radix (AR) 5:4:1 (g/g)  on Focal Compressive strength 
(CS) of the femur and tibia AC (Articular cartilage) in 
surgically induced osteoarthritis (OA). (A) femur, (B) tibia; 
a p<0.01 and b p<0.05, compared to the sham control; 
c p<0.01, compared to the OA control; d p<0.01, compared 
to the PCP only; e p<0.01, compared to the EC only; 
f p<0.01, compared to the AR only.

Table 2. Effects on PGE2 Levels of the Femur and Tibia AC with SM

Items
Groups

PGE2 levels
Femur AC Tibia AC SM

Controls
  Sham 42.62±10.55  37.01±12.19  32.24±12.83
  OA 123.76±24.73 a 107.08±16.92 a 147.25±31.90 a

  Diclofenac  67.17±10.92 ac  61.33±11.04 ac  82.29±14.01 ac

Single formula (200 mg/kg)
  PCP  89.51±11.70 ac  79.44±12.33 ac 101.94±12.84 ac

  EC  93.98±10.51 ac  87.54±9.02 ac 110.92±11.50 ac

  AR  93.59±15.54 ac  84.60±11.38 ac 109.41±17.30 ac

Mixed formula - PCP:EC:AR 5:4:1 (g/g)
  200 mg/kg  56.15±13.54 bcdef  48.79±8.35 bcdef  69.45±16.81 acdef

  100 mg/kg  61.69±15.50 acdef  56.33±16.82 acdef  74.60±12.54 acdef

  50 mg/kg  67.93±12.07 acdef  62.96±11.29 acdef  83.93±10.99 acdef

Data are shown as mean ± SD of 10 rats, g/cm2. OA, Osteoarthritis; AC, Articular cartilage; SM, Synovial membrane; PGE2, Prostaglandin 
E2; PCP, Pomegranate Concentration Powder; EC, Aqueous extracts of Eucommiae Cortex; AR, Aqueous extracts of Achyranthis Radix. 
a p<0.01 and b p<0.05, compared to the sham control; c p<0.01, compared to the OA control; and d p<0.01, compared to the PCP only; e

 

p<0.01, compared to the EC only; f p<0.01, compared to the AR only.
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dose-dependent decreases in PGE2 levels in the femoral 

and tibial AC with SM compared with the PCP, EC 

and AR single treatment groups (Table 2).

5-LPO activity of the femoral and tibial AC 

with SM

The 5-LPO activity of the femoral and tibial AC 

with SM significantly increased in the OA control group 

compared with the sham control group. However, 

significant decreases in the 5-LPO activity of the femoral 

and tibial AC with SM were observed in all test 

substance-treated groups compared with the OA control 

group. In particular, the 200, 100 and 50 mg/kg 

combination-treated groups showed dose-dependent 

and significant decreases in 5-LPO activity in the 

femoral and tibial AC with SM compared with the 

PCP, EC and AR single treatment groups (Table 3). 

Changes in the MMP-2 and MMP-9 

activity of the femoral and tibial AC with SM

The MMP-2 and MMP-9 activity increased 

significantly in the OA control group compared with 

the sham control group. However, significant decreases 

in the femoral and tibial AC with SM MMP-2 and 

MMP-9 activity were observed in all of the test 

substance-treated groups compared with the OA control 

group. In particular, the 200, 100 and 50 mg/kg 

combined treatment groups showed dose-dependent 

decreases in MMP-2 and MMP-9 activity compared 

with the PCP, EC and AR single treatment groups (Table 

4 and 5).

Effects on the mRNA expression of 

collagen type II, SOX9 and aggrecan

There was a significant reduction in the transcript 

levels of collagen type II, SOX9 and aggrecan in the 

femoral and tibial AC, which were significantly 

higher in the OA control group compared with the 

sham control group (Table 6-8). However, 

dose-dependent increases in femoral and tibial AC, and 

decreases in the SM collagen type II mRNA expression 

were observed in the 200, 100 and 50 mg/kg 

Table 3. Effects on 5-LPO Activities of Femur and Tibia AC with SM

Items
Groups

5-LPO activity

Femur AC Tibia AC SM

Controls

  Sham   0.18±0.08   0.16±0.09   0.23±0.09

  OA   5.78±2.23 a   4.64±1.55 a  12.22±4.45 a

Diclofenac   0.94±0.28 ab   0.88±0.24 ab   3.16±0.98 ab

Single formula (200 mg/kg)

  PCP   1.70±0.45 ab   1.69±0.26 ab   5.50±1.12 ab

  EC   2.05±0.53 ab   1.94±0.30 ab   7.71±1.74 ac

  AR   2.01±0.54 ab   1.84±0.34 ab   6.60±1.35 ab

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

  200 mg/kg   0.62±0.16 abdef   0.52±0.19 abdef   1.82±0.68 abdef

  100 mg/kg   0.72±0.22 abdef   0.69±0.19 abdef   2.36±0.51 abdef

  50 mg/kg   0.96±0.23 abdef   0.86±0.36 abdef   3.14±1.11 abdef

Data are shown as mean ± SD of 10 rats, g/cm2. OA, Osteoarthritis; AC, Articular cartilage; SM, Synovial membrane; LPO, Lipoxygenase; 
PCP, Pomegranate Concentration Powder; EC, Aqueous extracts of Eucommiae Cortex; AR, Aqueous extracts of Achyranthis Radix. a 
p<0.01, compared to the sham control; b p<0.01 and c p<0.05, compared to the OA control; d p<0.01, compared to the PCP only; e p<0.01, 
compared to the EC only; f p<0.01, compared to the AR only.
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combination-treated groups compared with the OA 

control group (Table 6). SOX9 mRNA expression in 

the femoral and tibial AC with SM dose-dependently 

increased in the 200, 100 and 50 mg/kg 

combination-treated groups compared with the OA 

control group (Table 7). Aggrecan mRNA expression 

in the femoral and tibial AC with SM also 

dose-dependently increased in the 200, 100 and 50 

Table 4. Effects on MMP-2 Levels of Femur and Tibia AC with SM

Items
Groups

MMP-2 activity

Femur AC Tibia AC SM

Controls

  Sham   1.03±0.21   0.92±0.24   0.89±0.28

  OA   6.38±1.23 a   5.37±1.19 a   5.27±0.83 a

Diclofenac   2.74±0.87 ab   2.85±0.59 ab   2.57±0.38 ab

Single formula (200 mg/kg)

  PCP   3.76±0.86 ab   3.55±0.48 ab   3.38±0.57 ab

  EC   4.06±0.95 ab   3.92±0.71 ab   3.71±0.81 ab

  AR   4.94±0.66 ab   4.09±0.83 ac   4.00±0.92 ab

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

  200 mg/kg   2.05±0.30 abdfg   2.10±0.51 abdfg   2.10±0.55 abdfg

  100 mg/kg   2.34±0.41 abdfg   2.32±0.56 abdfg   2.50±0.46 abdfg

  50 mg/kg   2.73±0.59 abdfg   2.80±0.58 abdfg   2.75±0.39 abdfg

Data are shown as mean ± SD of 10 rats, g/cm2. OA, Osteoarthritis; AC, Articular cartilage; SM, Synovial membrane; MMP, Matrix 
metalloproteinase. PCP, Pomegranate Concentration Powder; EC, Aqueous extracts of Eucommiae Cortex; AR, Aqueous extracts of 
Achyranthis Radix. a p<0.01, compared to the sham control; b p<0.01 and c p<0.05, compared to the OA control; d p<0.01 and e p<0.05, 
compared to the PCP only; f p<0.01, compared to the EC only; g p<0.01, compared to the AR only.

Table 5. Effects on MMP-9 Levels of Femur and Tibia AC with SM

Items
Groups

MMP-9 activity

Femur AC Tibia AC SM

Controls

  Sham   1.08±0.49   0.96±0.51   0.83±0.19

  OA   5.26±1.58 a   4.83±0.72 a   4.97±0.83 a

Diclofenac   2.42±0.48 ab   2.31±0.38 ab   2.25±0.40 ab

Single formula (200 mg/kg)

  PCP   3.17±0.58 ab   3.02±0.39 ab   3.18±0.59 ab

  EC   3.47±0.62 ab   3.53±0.51 ab   3.69±0.76 ab

  AR   3.55±0.62 ab   3.55±0.99 ab   3.76±0.82 ab

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

  200 mg/kg   2.06±0.39 abcde   1.75±0.39 abcde   1.86±0.63 abcde

  100 mg/kg   2.23±0.40 abcde   2.05±0.68 abcde   2.13±0.65 abcde

  50 mg/kg   2.43±0.41 abcde   2.34±0.41 abcde   2.30±0.58 abcde

Data are shown as mean ± SD of 10 rats, g/cm2. OA, Osteoarthritis; PCP, Pomegranate Concentration Powder; AR, Aqueous extracts of 
Achyranthis Radix; EC, Aqueous extracts of Eucommiae Cortex; AC, Articular cartilage; SM, Synovial membrane; MMP, Matrix 
metalloproteinase. a p<0.01, compared to the sham control; b p<0.01, compared to the OA control; c p<0.01 and d p<0.05, compared to the 
PCP only; e p<0.01, compared to the EC only; f p<0.01, compared to the AR only.
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mg/kg combination-treated groups compared with the 

OA control rats (Table 8).

Effects on the number of 

BrdU-immunoreactive cells in femoral and 

tibial AC with SM

The number of BrdU-immunoreactive cells in the 

Table 6. Femur and Tibia AC with SM Collagen Type II mRNA Levels

Items
Groups

Collagen type II mRNA expressions

Femur AC Tibia AC SM

Controls

  Sham   1.02±0.15   1.05±0.21   0.91±0.17

  OA   0.24±0.09 a   0.23±0.06 a   7.25±1.32 a

Diclofenac   0.51±0.10 ab   0.44±0.06 ab   3.94±0.90 ab

Single formula (200 mg/kg)

  PCP   0.41±0.10 ab   0.37±0.05 ab   4.80±0.90 ab

  EC   0.38±0.08 ab   0.32±0.07 ab   5.11±0.73 ab

  AR   0.36±0.09 ac   0.32±0.05 ab   5.28±0.75 ab

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

  200 mg/kg   0.63±0.13 abdfg   0.56±0.09 abdfg   2.88±0.58 abdfg

  100 mg/kg   0.58±0.13 abdfg   0.50±0.09 abdfg   3.23±0.61 abdfg

  50 mg/kg   0.53±0.09 abefg   0.45±0.06 abdfg   3.72±0.55 abdfg

Data are shown as mean ± SD of 10 rats, g/cm2. The mRNA level of β-actin was used as a control. OA, Osteoarthritis; PCP, Pomegranate 
Concentration Powder; AR, Aqueous extracts of Achyranthis Radix; EC, Aqueous extracts of Eucommiae Cortex; AC, Articular cartilage; 
SM, Synovial membrane. a p<0.01, compared to the sham control; b p<0.01, compared to the OA control; c p<0.05, compared to the PCP 
only; d p<0.01, compared to the EC only; and e p<0.01, compared to the AR only.

Table 7. Femur and Tibia AC with SM SOX9 mRNA Levels

Items
Groups

SOX9 mRNA expressions

Femur AC Tibia AC SM

Controls

  Sham   0.99±0.13   1.05±0.19   0.92±0.16

  OA   0.16±0.04 a   0.17±0.05 a   0.12±0.04 a

Diclofenac   0.43±0.07 ab   0.41±0.07 ab   0.33±0.08 ab

Single formula (200 mg/kg)

  PCP   0.32±0.06 ab   0.31±0.06 ab   0.22±0.05 ab

  EC   0.26±0.05 ab   0.26±0.07 ab   0.20±0.05 ab

  AR   0.24±0.07 ac   0.24±0.06 ac   0.19±0.03 ab

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

  200 mg/kg   0.54±0.07 abdef   0.50±0.09 abdef   0.48±0.08 abdef

  100 mg/kg   0.48±0.08 abdef   0.45±0.08 abdef   0.39±0.09 abdef

  50 mg/kg   0.42±0.06 abdef   0.41±0.09 abdef   0.32±0.08 abdef

Data are shown as mean ± SD of 10 rats, g/cm2. The mRNA level of β-actin was used as a control. OA, Osteoarthritis; Articular cartilage; 
SM, Synovial membrane; SOX9,   SRY (sex determining region Y)-box 9; PCP, Pomegranate Concentration Powder; AR, Aqueous extracts 
of Achyranthis Radix; EC, Aqueous extracts of Eucommiae Cortex; AC. a p<0.01, compared to the sham control; b p<0.01 and c p<0.05, 
compared to the OA control; d p<0.01, compared to the PCP only; e p<0.01, compared to the EC only; f p<0.01, compared to the AR only.
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femoral and tibial AC was significantly reduced in the 

OA control group, and increased in the OA control 

group compared with the sham control group. 

Significant increases in the number of femoral and tibial 

AC BrdU-immunoreactive cells, and decreases in the 

number of SM BrdU-immunoreactive cells were 

observed in all of the test substance-treatment groups 

compared with the OA control group, with exception 

Table 9. Femur and Tibia AC with SM BrdU-immunoreactive Cell Numbers in Sham-operated or OA Rats

Items
Groups

BrdU-immunoreactive cell numbers

Femur AC Tibia AC SM

Controls

  Sham 120.60±30.86  85.00±14.09  87.40±24.54

  OA  46.10±10.52 a  33.30±12.70 a 789.70±104.62 a

Diclofenac  44.90±13.41 a  32.90±11.74 a 238.80±67.06 ac

Single formula (200 mg/kg)

  PCP 111.70±22.44 ac 126.60±27.32 ac 419.40±89.10 ac

  EC  76.90±19.07 ac  94.40±19.83 c 538.90±102.56 ac

  AR  92.40±12.61 bc  75.20±16.22 c 626.40±122.35 ac

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

  200 mg/kg 323.10±123.08 acdef 315.30±109.46 acdef 126.80±37.60 acdef

  100 mg/kg 235.60±74.56 acdef 227.00±60.81 acdef 182.30±41.83 acdef

  50 mg/kg 178.30±28.55 acdef 183.10±27.57 acdef 265.20±82.74 acdef

Values are expressed mean ± SD of 10 rats, cells/mm2. AR = Aqueous extracts of Achyranthis Radix; OA = Osteoarthritis; EC = Aqueous 
extracts of Eucommiae Cortex; PCP = Pomegranate Concentration Powder; AC = Articular cartilage; SM = Synovial membrane; BrdU = 
5-Bromo-2’-Deoxyuridine. a p<0.01 and b p<0.05 as compared with sham control; c p<0.01 as compared with OA control; d p<0.01 as 
compared with PCP single formula; e p<0.01 as compared with EC single formula; f p<0.01 as compared with AR single formula.

Table 8. Femur and Tibia AC with SM Aggrecan mRNA Expressions Levels

Items
Groups

Aggrecan mRNA expressions

Femur AC Tibia AC SM

Controls

  Sham   1.00±0.17   1.10±0.19   1.00±0.15

  OA   0.11±0.05 a   0.10±0.05 a   0.11±0.06 a

Diclofenac   0.36±0.14 ab   0.30±0.09 ab   0.33±0.10 ab

Single formula (200 mg/kg)

  PCP   0.24±0.07 ab   0.23±0.05 ab   0.23±0.04 ab

  EC   0.20±0.02 ab   0.19±0.03 ab   0.19±0.02 ab

  AR   0.20±0.05 ab   0.18±0.05 ab   0.19±0.03 ab

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

  200 mg/kg   0.45±0.09 abcde   0.42±0.08 abcde   0.48±0.10 abcde

  100 mg/kg   0.41±0.10 abcde   0.35±0.08 abcde   0.41±0.08 abcde

  50 mg/kg   0.34±0.08 abcde   0.31±0.05 abcde   0.35±0.08 abcde

Data are shown as mean ± SD of 10 rats, g/cm2. The mRNA level of β-actin was used as a control. OA, Osteoarthritis; Articular cartilage; 
SM, Synovial membrane; PCP, Pomegranate Concentration Powder; AR, Aqueous extracts of Achyranthis Radix; EC, Aqueous extracts 
of Eucommiae Cortex; AC. a p<0.01, compared to the sham control; b p<0.01, compared to the OA control; and c p<0.01, compared to the 
PCP only; and d p<0.01, compared to the EC only; and e p<0.01, compared to the AR only.
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of the diclofenac-treated group, in which a similar 

number of BrdU-immunoreactive cells was detected 

in the femoral and tibial AC compared with the OA 

control group. In particular, the 200, 100 and 50 mg/kg 

combination treatment groups showed significant 

dose-dependent increases in the number of 

BrdU-immunolabeled cells in the femoral and tibial 

AC, but decreases in the SM compared with the PCP, 

EC and AR single treatment groups (Fig 7, Table 9).

Changes in the femoral and tibial AC 

Mankin scores

In the OA control rats, the surface of the cartilage 

became rough and the number of chondrocytes 

decreased. Safranin-O stain intensities were reduced 

on the femoral and tibial AC, and femoral and tibial 

AC Mankin scores in the OA control group were 

significantly higher than those of the sham control group. 

However, significant decreases in the femoral and tibial 

AC Mankin scores were observed in all of the test 

substance-treated groups compared to the OA control 

group. In particular, the 200, 100 and 50 mg/kg 

combination treatment groups showed dose-dependent 

decreases in the femoral and tibial AC Mankin scores 

compared with the PCP, EC and AR single treatment 

groups (Table 10 and 11).

Fig. 7. Effect of mixed formulation (Pomegranate 
Concentration Powder (PCP): Aqueous extracts of 
Eucommiae Cortex (EC): Aqueous extracts 
Achyranthis Radix (AR) 5:4:1 (g/g) on the BrdU 
(5-Bromo-2’-Deoxyuridine)-immunoreactive cells 
on the femur and tibia AC (Articular cartilage) with 
Synovial membrane (SM) in surgically induced 
osteoarthritis (OA). Immunohistochemistrical 
images shown are representative of ten rats per 
each groups. (A), Sham vehicle control; (B), OA 
control; (C), OA-surgery+ diclofenac sodium 2 
mg/kg subcutaneously; (D), OA-surgery+ 200 
mg/kg PCP only; (E), OA-surgery+200 mg/kg EC 
only; (F), OA-surgery+200 mg/kg AR only; (G), 200 
mg/kg PCP:EC:AR 5:4:1 (g/g); (H), 100 mg/kg 
PCP:EC:AR 5:4:1 (g/g) mixed formula; (I), 50 mg/kg 
PCP:EC:AR 5:4:1 (g/g) mixed formula. ABC = 
Avidin-biotin complex. All ABC immunostain. Scale 
bars = 120 µm.
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Changes in the general histopathology of 

the femoral and tibial AC with SM

Remarkable reductions in the femoral and tibial AC 

thickness were observed in the OA control group 

compared with the sham control group, and significant 

increases in the SM epithelial lining thickness were 

detected in the OA control group. In contrast, remarkable 

increases in the thicknesses of the femoral and tibial 

AC, and significant decreases in the SM epithelial lining 

thickness were detected in all test substance-treated 

groups compared with the OA control group. Of note, 

the 200, 100, and 50 mg/kg combination treatment 

Table 10. Effects of PCP:EC:AR 5:4:1 (g/g) Mixed Formula on Femur AC Mankin Scores

Items
Groups

Mankin scores

Surface Cellularity Clone Stain intensity Total*

Controls
  Sham  0.60±0.70  0.70±0.48  0.50±0.53  1.10±0.57  2.90±1.60
  OA  2.80±0.42 a  2.70±0.48 a  2.80±0.42 a  2.60±0.97 a 10.90±1.20 a

Diclofenac  1.80±0.79 ac  1.30±0.48 c  1.60±0.84 ac  1.40±0.52 c  6.10±1.85 ac

Single formula (200 mg/kg)
  PCP  2.30±0.48 a  1.80±0.42 ac  1.80±0.63 ac  1.60±0.70 c  7.50±1.43 ac

  EC  2.50±0.53 a  2.00±0.47 ad  1.90±0.57 ac  2.10±0.57 a  8.50±1.08 ac

  AR  2.40±0.70 a  2.20±0.42 a  2.10±0.74 ad  2.00±0.82 ad  8.70±0.70 ac

Mixed formula - PCP:EC:AR 5:4:1 (g/g)
  200 mg/kg  1.10±0.57 cegi  1.00±0.00 cegi  1.10±0.57 bcfgi  1.10±0.57 cgi  4.30±0.67 bcegi

  100 mg/kg  1.20±0.42 bcegi  1.00±0.47 cegi  1.20±0.42 bcfhi  1.30±0.67 cgj  4.70±0.82 acegi

  50 mg/kg  1.70±0.67 acfgj  1.40±0.52 bchi  1.40±0.52 acj  1.40±0.52 chj  5.90±0.74 acegi

Data are shown as mean ± SD of 10 rats, g/cm2. Possible scores ranged from 0 to 12. OA, Osteoarthritis; AC, Articular cartilage; SM, Synovial 
membrane; PCP, Pomegranate Concentration Powder; AR, Aqueous extracts of Achyranthis Radix; EC, Aqueous extracts of Eucommiae 
Cortex; AC. a p<0.01 and b p<0.05, compared to the sham control; c p<0.01 and d p<0.05, compared to the OA control; and e p<0.01 and f 
p<0.05, compared to the PCP only; g p<0.01 and h p<0.05, compared to the EC only; i p<0.01 and j p<0.05, compared to the AR only.

Table 11. Effects of PCP:EC:AR 5:4:1 (g/g) mixed Formula on Tibia AC Mankin Scores

Items
Groups

Mankin scores
Surface Cellularity Clone Stain intensity Total*

Controls
  Sham  0.70±0.6770  0.70±0.67  0.60±0.52  0.80±0.63  2.80±1.32
  OA  2.70±0.48 a  2.70±0.48 a  2.80±0.42 a  2.50±0.53 a 10.70±1.06 a

Diclofenac  1.60±0.70 ac  1.60±0.52 ac  1.20±0.42 bc  1.50±0.53 ac  5.90±1.60 ac

Single formula (200 mg/kg)
  PCP  2.10±0.57 ad  1.90±0.32 ac  1.80±0.63 ac  1.60±0.70 ac  7.40±0.97 ac

  EC  2.50±0.71 a  1.90±0.74 ac  1.90±0.74 ac  2.00±0.47 ad  8.30±1.89 ac

  AR  2.40±0.70 a  2.20±0.63 ad  2.20±0.42 ad  1.80±0.63 ac  8.60±1.43 ac

Mixed formula - PCP:EC:AR 5:4:1 (g/g)
  200 mg/kg  1.20±0.42 cegi  0.80±0.42 cegi  1.20±0.63 bcfgi  1.10±0.57 cfgi  4.30±1.25 bcegi

  100 mg/kg  1.20±0.42 cegi  1.00±0.47 cegi  1.10±0.57 bcegi  1.80±0.42 ac  5.10±0.99 acegi

  50 mg/kg  1.90±0.57 ach  1.20±0.42 bcegi  1.30±0.48 acfhi  1.40±0.52 bch  5.80±1.40 acfgi

Data are shown as mean ± SD of 10 rats, g/cm2. Possible scores ranged from 0 to 12. OA, Osteoarthritis; AC, Articular cartilage; SM, 
Synovial membrane; PCP, Pomegranate Concentration Powder; AR, Aqueous extracts of Achyranthis Radix; EC, Aqueous extracts of 
Eucommiae Cortex; AC. a p<0.01 and b p<0.05, compared to the sham control; c p<0.01 and d p<0.05, compared to the OA control; and e 
p<0.01 and f p<0.05, compared to the PCP only; g p<0.01 and h p<0.05, compared to the EC only; i p<0.01, compared to the AR only.
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groups showed dose-dependent increases in the femoral 

and tibial AC thicknesses compared with the PCP, EC 

and AR single treatment groups. Significant increases 

in the number of inflammatory cells that infiltrated 

the SM were detected in the OA control group compared 

with the sham control group. Significant decreases in 

the number of inflammatory cells that infiltrated the 

SM were observed in the 200, 100, and 50 mg/kg 

Table 13. Femur and Tibia AC with SM PARP-immunolabeled Cell Numbers in Sham-operated or OA Rats

Items
Groups

PARP-immunolabeled cell numbers

Femur AC Tibia AC SM

Controls
  Sham  69.00±13.62  59.30±17.26  71.70±21.09
  OA 468.50±80.74 a 415.20±75.04 a 993.10±217.55 a

Diclofenac 181.80±29.01 ab 192.30±50.30 ab 153.20±22.72 ab

Single formula (200 mg/kg)
  PCP 251.50±46.79 ab 281.40±29.58 ab 336.10±100.58 ab

  EC 354.50±51.58 ab 302.70±50.47 ab 569.30±132.37 ab

  AR 330.00±39.68 ab 281.20±26.12 ab 536.50±108.42 ab

Mixed formula - PCP:EC:AR 5:4:1 (g/g)
  200 mg/kg  98.00±20.02 abcde  88.10±11.44 abcde 109.00±31.47 abcde

  100 mg/kg 127.00±23.65 abcde 133.90±36.46 abcde 139.70±52.35 abcde

  50 mg/kg 170.30±26.17 abcde 182.20±25.17 abcde 161.40±29.21 abcde

Values are expressed mean ± SD of 10 rats, cells/mm2. AR = Aqueous extracts of Achyranthis Radix; OA = Osteoarthritis; EC = Aqueous 
extracts of Eucommiae Cortex; PCP = Pomegranate Concentration Powder; AC = Articular cartilage; SM = Synovial membrane; PARP = 
Cleaved poly(ADP-ribose) polymerase. a p<0.01 as compared with sham control; b p<0.01 as compared with OA control; c p<0.01 as 
compared with PCP single formula; d p<0.01 as compared with EC single formula; e p<0.01 as compared with AR single formula.

Table 12. Femur and Tibia AC with SM General Histomorphometrical Analysis in Sham-Operated or OA Rats

Items
Groups

General histomorphometry
Femur AC thickness

(μm)
Tibia AC thickness

(μm)
SM epithelial thickness 

(μm)
SM IF cells 

(×10 cells/mm2)
Controls
  Sham 381.95±46.21  380.56±44.74   12.12±3.64   31.60±12.13
  OA 170.14±31.71 a  83.87±17.60 a  39.88±6.18 a 468.70±82.19 a

Diclofenac 298.23±34.20 ac 284.88±28.65 ac  28.10±4.87 ac 114.00±26.88 ac

Single formula (200 mg/kg)
  PCP 269.04±23.70 ac 252.87±19.35 ac  26.84±2.68 ac 256.10±46.40 ac

  EC 227.14±20.76 ac 215.13±30.15 ac  30.63±3.02 ac 379.60±59.09 ad

  AR 219.44±26.64 ac 214.43±21.77 ac  28.14±2.57 ac 358.40±53.08 ac

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

  200 mg/kg  359.51±47.36 cegh  347.64±35.18 bcegh  16.24±3.11 bcegh  74.30±15.28 acegh

  100 mg/kg  326.73±55.75 acegh  304.56±21.52 acegh  18.28±3.02 acegh 138.90±42.91 acegh

  50 mg/kg 309.44±16.61 acegh 282.77±26.13 acfgh  19.50±1.96 acegh 195.10±23.95 acegh

Values are expressed mean ± SD of 10 rats. AR = Aqueous extracts of Achyranthis Radix; OA = Osteoarthritis; EC = Aqueous extracts of 
Eucommiae Cortex; PCP = Pomegranate Concentration Powder; AC = Articular cartilage; SM = Synovial membrane; IF = Inflammatory. 
a p<0.01 and b p<0.05 as compared with sham control; c p<0.01 and d p<0.05 as compared with OA control; e p<0.01 and f p<0.05 as 
compared with PCP single formula; g p<0.01 as compared with EC single formula; h p<0.01 as compared with AR single formula.
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combination treatment groups compared with the OA 

control group (Fig 8, Table 12).

Effects on the PARP-immunoreactive cells 

in the femoral and tibial AC with SM

The number of PARP-immunoreactive cells in the 

femoral and tibial AC with SM was significantly 

increased in the OA control group, while all test 

substance-treated groups showed significant decreases 

in PARP immunoreactivity compared with the control 

groups. In particular, the 200, 100, and 50 mg/kg 

combination treatment groups showed significant, 

dose-dependent decreases in the number of 

PARP-immunolabeled cells in the femoral and tibial 

AC, and SM compared with the PCP, EC and AR single 

treatment groups (Fig 9, Table 13).

Fig. 8. Effect of mixed formulation (Pomegranate 
Concentration Powder (PCP): Aqueous extracts of 
Eucommiae Cortex (EC): Aqueous extracts Achyranthis 
Radix (AR) 5:4:1 (g/g) on the femur and tibia AC with 
SM in surgically induced osteoarthritis (OA). Histological 
images shown are representative of ten rats per each 
groups. (A), Sham vehicle control; (B), OA control; (C), 
OA-surgery+ diclofenac sodium 2 mg/kg subcutaneously; 
(D), OA-surgery+ 200 mg/kg PCP only; (E), 
OA-surgery+200 mg/kg EC only; (F), OA-surgery+200 
mg/kg AR only; (G), 200 mg/kg PCP:EC:AR 5:4:1 (g/g); 
(H), 100 mg/kg PCP:EC:AR 5:4:1 (g/g) mixed formula; 
(I), 50 mg/kg PCP:EC:AR 5:4:1 (g/g) mixed formula. 
Arrows indicated the thicknesses of tibia or femur AC 
or of SM lining epithelium. All Safranin O stain. Scale 
bars = 120 µm.

Fig. 9. Effect of mixed formulation (Pomegranate 
Concentration Powder (PCP): Aqueous extracts of 
Eucommiae Cortex (EC): Aqueous extracts Achyranthis 
Radix (AR) 5:4:1 (g/g) on Cleaved poly(ADP-ribose) 
polymerase (PARP)-immunoreactive cells on the femur and 
tibia Articular cartilage (AC) with Synovial membrane (SM) 
in surgically induced osteoarthritis (OA). 
Immunohistochemistrical images shown are representative 
of ten rats per each groups. (A), Sham vehicle control; (B), 
OA control; (C), OA-surgery+ diclofenac sodium 2 mg/kg 
subcutaneously; (D), OA-surgery+ 200 mg/kg PCP only; (E), 
OA-surgery+200 mg/kg EC only; (F), OA-surgery+200 mg/kg 
AR only; (G), 200 mg/kg PCP:EC:AR 5:4:1 (g/g); (H), 100 
mg/kg PCP:EC:AR 5:4:1 (g/g) mixed formula; (I), 50 mg/kg 
PCP:EC:AR 5:4:1 (g/g) mixed formula. ABC, Avidin-biotin 
complex. All ABC immunostain. Scale bars = 120 µm.
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Effects on COX-2 and TNF-α 

immunoreactive cells in the femoral and 

tibial AC with SM

Significant increases in the number of femoral and 

tibial AC SM COX-2 and TNF-α-immunoreactive cells 

were detected in the OA control group. Conversely, 

COX-2- and TNF-α-immunoreactive cells of the 

femoral and tibial AC, and SM were significantly lower 

in all test substance-treated groups when compared with 

the OA control group. Of note, the 200, 100 and 50 

Table 14. Femur and Tibia AC with SM COX-2-immunostained Cell Numbers in Sham-operated or OA Rats

Items
Groups

COX-2-immunostained cell numbers

Femur AC Tibia AC SM

Controls

  Sham  65.70±16.71  96.50±32.30  22.50±9.52
  OA 398.70±115.55 a 359.70±53.47 a 478.30±119.79 a

Diclofenac 142.40±29.31 ac 143.50±26.87 ac 137.30±38.62 ac

Single formula (200 mg/kg)

  PCP 238.40±37.46 ac 205.10±42.04 ac 306.80±47.80 ac

  EC 261.80±36.14 ac 261.80±24.27 ac 343.00±52.93 ac

  AR 271.90±35.78 ac 246.10±24.12 ac 354.90±57.22 ac

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

  200 mg/kg  87.30±15.36 acdef 103.40±15.32 cdef  69.80±14.01 acdef

  100 mg/kg 130.60±28.98 acdef 121.20±19.44 bcdef  94.00±14.55 acdef

  50 mg/kg 140.90±21.65 acdef 144.10±26.95 acdef 133.40±28.92 acdef

Values are expressed mean ± SD of 10 rats, cells/mm2. AR = Aqueous extracts of Achyranthis Radix; OA = Osteoarthritis; EC = Aqueous 
extracts of Eucommiae Cortex; PCP = Pomegranate Concentration Powder; AC = Articular cartilage; SM = Synovial membrane; COX = 
Cyclooxygenase. a p<0.01 and b p<0.05 as compared with sham control; c p<0.01 as compared with OA control; d p<0.01 as compared with 
PCP single formula; e p<0.01 as compared with EC single formula; f p<0.01 as compared with AR single formula.

Table 15. Femur and Tibia AC with SM TNF-α-immunopositive Cell Numbers in Sham-operated or OA Rats

Items
Groups

TNF-α-immunopositive cell numbers
Femur AC Tibia AC SM

Controls
  Sham   63.80±14.41   43.40±12.15   16.10±4.63
  OA 309.90±73.26 a 307.60±23.06 a 583.70±85.67 a

Diclofenac 144.50±33.01 ab 150.30±28.82 ab 218.10±38.43 ab

Single formula (200 mg/kg)
  PCP 193.00±23.96 ab 230.40±43.21 ab 297.70±46.82 ab

  EC 216.90±37.79 ab 255.50±40.60 ab 327.50±54.02 ab

  AR 234.80±35.25 ab 256.20±47.66 ab 321.00±78.56 ab

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

  200 mg/kg   89.80±12.05 abcde   67.90±15.36 abcde   44.70±13.90 abcde

  100 mg/kg 119.00±25.22 abcde 130.70±20.15 abcde   87.20±19.11 abcde

  50 mg/kg 154.60±24.42 abcde 153.00±14.67 abcde 178.60±43.63 abcde

Values are expressed mean ± SD of 10 rats, cells/mm2. AR = Aqueous extracts of Achyranthis Radix; OA = Osteoarthritis; EC = Aqueous 
extracts of Eucommiae Cortex; PCP = Pomegranate Concentration Powder; AC = Articular cartilage; SM = Synovial membrane; TNF = 
Tumor necrosis factor. a p<0.01 as compared with sham control; b p<0.01 as compared with OA control; c p<0.01 as compared with PCP 
single formula; d p<0.01 as compared with EC single formula; e p<0.01 as compared with AR single formula.
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mg/kg combination treatment groups showed significant 

decreases in the number of COX-2- and TNF-α

-immunolabeled cells in the femoral and tibial AC, 

and SM, compared with the PCP, EC and AR single 

treatment groups (Fig 10 and 11, Table 14 and 15)).

Fig. 11. Effect of mixed formulation (Pomegranate 
Concentration Powder (PCP): Aqueous extracts of 
Eucommiae Cortex (EC): Aqueous extracts Achyranthis 
Radix (AR) 5:4:1 (g/g) on the Tumor necrosis factor (TNF)-
α-immunoreactive cells on the femur and tibia AC with 
SM, on the femur and tibia Articular cartilage (AC) with 
Synovial membrane (SM) in surgically induced 
osteoarthritis (OA). Immunohistochemistrical images 
shown are representative of ten rats per each groups. 
(A), Sham vehicle control; (B), OA control; (C), 
OA-surgery+ diclofenac sodium 2 mg/kg subcutaneously; 
(D), OA-surgery+ 200 mg/kg PCP only; (E), 
OA-surgery+200 mg/kg EC only; (F), OA-surgery+200 
mg/kg AR only; (G), 200 mg/kg PCP:EC:AR 5:4:1 (g/g); 
(H), 100 mg/kg PCP:EC:AR 5:4:1 (g/g) mixed formula; 
(I), 50 mg/kg PCP:EC:AR 5:4:1 (g/g) mixed formula. ABC, 
Avidin-biotin complex. All ABC immunostain. Scale bars 
= 120 µm.

Fig. 10. Effect of mixed formulation (Pomegranate 
Concentration Powder (PCP): Aqueous extracts of 
Eucommiae Cortex (EC): Aqueous extracts Achyranthis 
Radix (AR) 5:4:1 (g/g) on the Cyclooxygenase 
(COX-2)-immunoreactive cells on the femur and tibia 
AC with SM, on the femur and tibia Articular cartilage 
(AC) with Synovial membrane (SM) in surgically induced 
osteoarthritis (OA). Immunohistochemistrical images 
shown are representative of ten rats per each groups. 
(A), Sham vehicle control; (B), OA control; (C), 
OA-surgery+ diclofenac sodium 2 mg/kg subcutaneously; 
(D), OA-surgery+ 200 mg/kg PCP only; (E), 
OA-surgery+200 mg/kg EC only; (F), OA-surgery+200 
mg/kg AR only; (G), 200 mg/kg PCP:EC:AR 5:4:1 (g/g); 
(H), 100 mg/kg PCP:EC:AR 5:4:1 (g/g) mixed formula; 
(I), 50 mg/kg PCP:EC:AR 5:4:1 (g/g) mixed formula. ABC, 
Avidin-biotin complex. All ABC immunostain. Scale bars 
= 120 µm.



Journal of Korean Medicine 2018;39(4)

http://dx.doi.org/10.13048/jkm.18037106

Discussion 

Several previous studies have reported that PCP, 

EC and AR have individual disease-modifying effects 

against OA15-17),26),27),29),30). Furthermore, our previous 

in vitro studies showed that pretreatment with PCP, 

EC and AR (1 mg/mL) inhibited inflammatory damage 

to chondrocytes by lipopolysaccharide and ECM 

degradation induced by recombinant human IL-1α35). 

An in vivo study36) showed that a PCP:EC:AR ratio 

of 5:4:1 had the highest inhibitory activity against 

surgically induced OA among nine mixed formulations 

of PCP with EC and AR. Nevertheless, our previous 

study focused on determining the appropriate 

proportions for further examining the effects of the 

PCP:EC:AR 5:4:1 (g/g) mixed formula. Dose-response 

information is necessary for the safe and effective use 

of a novel formula. Thus, to obtain additional 

information, this study examined the dose-dependent 

anti-OA potential of the 5:4:1 (g/g) PCP:EC:AR 

formulation on rats with surgically induced OA. 

OA is a type of chronic degenerative inflammatory 

disease that results from the destruction of joint cartilage. 

During the progression of OA, cartilage damage can 

induce the release of leukotrienes, potent inflammatory 

mediators, by increasing COX-2 and 5-LPO activity, 

coordinated by IL-1 and TNF-α. IL-1 and TNF-α 

increase the production of NO and PGE2, disrupting 

the ability of chondrocytes to maintain cartilage 

homeostasis48). These acute inflammatory factors 

contribute to the increase in joint thickness and abnormal 

bone growth of painful osteophytes, and edematous 

changes to the surrounding tissue 13),49-51). Conversely, 

suppressing these inflammatory factors ameliorates OA 

symptoms. As a result, OA control rats showed an 

increase in knee thickness. In addition, decreases in 

the femoral and tibial AC thickness were detected. The 

number of COX-2- and TNF-α-immunolabeled cells 

increased, along with an increase in PGE2 and LPO 

activity. However, these alterations were inhibited by 

the PCP:EC:AR 5:4:1 (g/g) combination in a 

dose-dependent manner. The 50 mg/kg PCP:EC:AR 

5:4:1 (g/g) mixed formula showed favorable 

anti-inflammatory activity comparable to 2 mg/kg 

diclofenac, and was more potent than 200 mg/kg PCP, 

EC or AR used alone. These results support that the 

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

OA by inhibiting inflammatory activity in rats with 

surgically induced OA.

Physical injuries can cause the loss of a joint region, 

cartilage erosion and osteophyte formation. These 

changes can been observed by gross observation and 

X-ray images37),52), and are considered a reasonable 

index for measuring the efficacy of anti-OA drugs53),54). 

BMD is used as a predictor of bone disease 

susceptibility55),56) as well as for information regarding 

bone quality in osteoporosis treatment trials57). 

Additionally, the measurement of focal BMDs and bone 

strength can be used to estimate the extent of OA 

progression58-61). As a result, we observed loss of the 

knee joint region, femoral and tibial AC erosion, and 

osteophyte formation in OA control rats through DEXA 

image analysis. In addition, corresponding significant 

decreases in the focal BMD of the total knee joint, 

and the femoral and tibial AC surface regions were 

observed concomitantly with the decrease in femoral 

and tibial AC focal CS in the OA control group compared 

with the sham control group. Surgically induced 

OA-related focal loss of AC, osteophyte formation and 

decreased BMD and CS in OA-model rats were 

dose-dependently inhibited by treatment with the 200, 

100 and 50 mg/kg PCP:EC:AR 5:4:1 (g/g) combination. 

We speculate that the surface cartilage CS may be 

involved in the formation of a component of the ECM 

and conditioning of chondrocytes. Healthy ECM and 

chondrocytes improve compressive strength.
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MMPs are pivotal proteolytic enzymes involved in 

deconstructing chondrocytes and bony tissue. Under 

normal conditions, MMPs are suppressed by the tissue 

inhibitor of metalloproteinase system62). MMPs act as 

proteases that degrade the ECM, predominately PG63), 

and are responsible for the destruction of cartilage 

components. Thus, inhibiting MMPs is a reasonable 

strategy to treat OA7),64). The induction of OA by surgery 

increased the MMP-2 and -9 activity in the femoral 

and tibial AC, and SM, while the combination treatment 

dose-dependently suppressed these alterations. These 

results indicate that PCP:EC:AR 5:4:1 (g/g) will 

potentially be useful to treat OA. 

An important indicator of OA is fibrosis, resulting 

in joint stiffness and pain. Fibrosis is defined as the 

excessive accumulation of connective tissue, potentially 

leading to organ malfunction. The maximum extension 

angle of a joint is used as a measure of its stiffness. 

0° indicates the maximum extension. The lower the 

value, the better the knee function34),37-39),43). The 

maximum extension angles in knees of OA rats were 

dose-dependently increased by 200, 100 or 50 mg/kg 

PCP:EC:AR 5:4:1 (g/g) treatment. In addition, 

OA-induced hypertrophy and hyperplasia of the SM 

were also dose-dependently inhibited by 200, 100 and 

50 mg/kg PCP:EC:AR 5:4:1 (g/g). Our results indicate 

that PCP:EC:AR 5:4:1 (g/g) synergistically ameliorated 

OA-related joint stiffness. 

The Mankin scoring system is widely accepted as 

a histopathological method to examine AC damage, 

including cartilage surface damage, decreased 

chondrocyte numbers, clone formation and Safranin-O 

stain intensity. In this system, the higher the score, 

the higher the level of OA34),37-39),43),65). Decreases in 

AC thickness are consistently detected in OA model 

animals34),37-39),66-68). We observed that the Mankin 

scores dose-dependently decreased in response to 

treatment with the PCP:EC:AR 5:4:1 (g/g) mixed 

formula for both the femoral and tibial AC compared 

with the OA control group. The extent of OA-decreased 

femoral and tibial AC thickness was also ameliorated 

in PCP:EC:AR 5:4:1 (g/g) combination-treated rats 

compared with the OA control rats. As the PCP:EC:AR 

5:4:1 (g/g) combination dose-dependently decreased 

OA-related joint stiffness, it suggests that the 

combination could be suitable to relieve OA symptoms. 

Apoptosis is a regulated form of cell death involved 

in development, homeostasis and aging69-71). 

Chondrocytes are the only cell type in the AC72), so 

the dysregulation of chondrocyte death and survival 

can lead to the disintegration of the AC73),74). In the 

current study, PARP was selected as an apoptotic 

marker. The PARP immunoreactivity increased in the 

femoral and tibial AC, and SM, after OA surgery. 

Treatment with the PCP:EC:AR 5:4:1 (g/g) combination 

dose-dependently decreased OA-induced PARP 

immunoreactivity. The inhibition of apoptosis by 

PCP:EC:AR 5:4:1 (g/g) is evidence of its protective 

effect against OA. 

BrdU immunohistochemistry can be used to detect 

chondrocyte proliferation in cartilage66),75). When the 

chondrocytes have proliferative capacity, the cell will 

uptake BrdU 34),37-39),66). BrdU-immunoreactivity was 

significantly reduced in the femoral and tibial AC of 

the OA control group, indicating the inhibition of 

OA-related chondrocyte proliferation. The number of 

BrdU-positive chondrocytes in the sham control group 

was significantly lower than in the OA control group, 

indicating OA-associated fibrosis and hyperplasia at 

the SM. However, the number of BrdU-immunostained 

cells notably increased in response to the 200, 100 

and 50 mg/kg PCP:EC:AR 5:4:1 (g/g) combination 

treatments in both femoral and tibial AC, but decreased 

in the SM. The enhancement of chondrocyte 

proliferation by PCP:EC:AR 5:4:1 (g/g) treatment 

suggests that PCP:EC:AR 5:4:1 (g/g) is a promising 
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agent for the treatment of OA.

AC must tolerate repetitive physical stress on the 

human body. It is connective tissue composed of 

chondrocytes within an ECM of collagen, PG, aggrecan 

and SOX96),7). Changes in the ECM are a major feature 

in the pathogenesis of OA. AC is damaged by physical 

force, loses PG content, and undergoes swelling and 

hypertrophy. Chondrocytes release degradative 

enzymes when they detect these changes in the ECM. 

ECM degradation is associated with inflammation, 

chondrocyte death and damage leading to the failure 

of the maintenance and function of AC76). The 

transcription factor SOX9 plays an important role in 

chondrogenic differentiation77). Collagen and aggrecan 

in the ECM are key components of healthy cartilage45). 

Therefore, preventing ECM degradation is a relevant 

approach for the treatment of OA44),45),78). Treatments 

with the PCP:EC:AR 5:4:1 (g/g) combination 

dose-dependently downregulated the OA-associated 

reduction in the transcript levels of collagen type II, 

and increased the transcript levels of chondrogenic genes 

in the SM. All doses of the combined treatment 

significantly increased the ECM formation-related 

factors in the rats with surgically induced OA when 

compared with each individual treatment. These results 

suggest that the PCP:EC:AR 5:4:1 (g/g) formula 

facilitated ECM formation in rats with surgically 

induced OA.

Conclusion 

The results of this study suggest that the PCP:EC:AR 

5:4:1 (g/g) combination synergistically increased the 

anti-OA effects of each ingredient through 

anti-inflammatory and chondrogenic activity in rats with 

surgically induced OA. 200, 100 and 50 mg/kg 

PCP:EC:AR 5:4:1 (g/g) treatments showed 

dose-dependent inhibitory activity against OA-related 

signs compared with 200 mg/kg PCP, EC or AR. The 

50 mg/kg PCP:EC:AR 5:4:1 (g/g) treatment showed 

similar protective effects on the AC to 2 mg/kg 

diclofenac. Therefore, it is expected that the 

PCP:EC:AR 5:4:1 (g/g) combination formula is a 

promising new potent AC-protective agent for relieving 

various signs of OA.
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