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The Chicken Combs Extract Alleviates Pain and
Cartilage Degradation in Rat Model Osteoarthritis
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Osteoarthritis (OA) is a degenerative and inflammatory disorder on particular joint inducing annihilation of articular cartilage. This study
is aimed to investigate the therapeutic effect of extract of chicken combs (CCE) on pain severity and cartilage degeneration in an experi-
mental model of rat OA. OA was induced in rats by intra-articular injection of monosodium iodoacetate (MIA) to the right knee. CCE,
hyaluronic acid and celecoxib were administrated orally every day after MIA injection. Pain severity was estimated by evaluation of sec-
ondary tactile allodynia using the von Frey assessment test. The severity of cartilage degradation was examined by histological analysis
and Mankin scoring system. Protein expression was observed by immunohistochemistry. Real-time polymerase chain reaction was used
to measure mRNA level. CCE decreased secondary tactile allodynia revealed by a promoted pain withdrawal latency and pain withdraw-
al threshold. Cartilage destruction in the osteoarthritic joints was improved by CCE treatment. CCE also suppressed the expression of
metalloproteinase (MMP)-3, -13, interleukin-1p, inducible nitric oxide synthase and nitrotyrosine increased in osteoarthritic joints. The
MRNA level of MMP-1, 3, and -13 was down-regulated by CCE treatment. On the other hand, CCE treatment induced the gene expres-
sion of tissue inhibitor of metalloproteinase-1 and -3. CCE treatment demonstrates the therapeutic effect of pain relief and attenuates
cartilage degeneration through the suppression of inflammatory mediators and metalloproteinases performing a pivotal function in OA

pathogenesis.
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INTRODUCTION

Osteoarthritis (OA) is a degenerative disorder up-regulating
pressure on a particular joint or a destruction of articular car-
tilage matrix and characterized by increasing pain and move-
ment limitations. It has been recognized that OA is the most
common type of arthritis and recognized to interrupt quality
of life [1,2]. Recently, the concept of OA has been changed as
inflammatory disease [3]. The expression of proinflammatory
cytokines, chemokines, matrix metalloproteinases (MMPs)
and reactive oxygen species are increased in OA joint tissues
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inducing cartilage degradation [4,5].

Hyaluronic acid (HA) is a heteropolysaccharide shaped by
various repeating unit of D-glucuronic acid and N-acetylglu-
cosamine. As HA is constituent in synovial fluids and conducts
biophysical and biochemical function in joint synovial tissues,
it has been widely used to relive pain and articular destruction
in knee of OA [6-8]. But, HA has several adverse effect in OA
treatment. For example, HA injection results in harmful stim-
uli at injection area [9]. Moreover, it has been suggested that
intra-articular injections of HA causes several adverse effect
such as septic arthritis [10,11].

Celecoxib (CLX) is a nonsteroidal anti-inflammatory drug
and works by suppression of hormones that lead to inflamma-
tion and pain. It is well documented that CLX is administered
to various inflammatory diseases including OA [12]. However,
CLX results in many side effects. It has been demonstrated that
CLX leads to vascular related complication such as myocardial
infarction, nonfatal stroke or problems with vision [13,14]. It



is also reported that serious complications on the stomach or
intestines including perforations and gastrointestinal bleeding
are caused by CLX [14].

Chicken comb extract (CCE) used as a typical component
in several recipes contains HA mainly [15]. It is well reported
that CCE induces hyaluronic acid production by human syn-
oviocytes [16]. As HA reveals anti-inflammatory effect, CCE
has a potentiality of the therapeutic function in OA. It has been
suggested that CCE attenuates several symptoms of OA pa-
tients such as pain and discomfort [1,17]. In addition, CCE may
ameliorate the OA involved in biomarker such as the balance
of cartilage type II collagen degradation/synthesis in knee of
OA patients [17].

As OA is regarded as a disease of maintaing inflammation,
we hypothesized that CCE has a therapeutic function on the
inflammatory response in OA. Thus, it is plausible that CCE
might have a therapeutic role in OA as well. The purpose of
the present study was to determine whether CCE reduces pain
and cartilage degradation in OA rat model.

MATERIALS AND METHODS

Animals

Male Wistar rats (Central Lab. Animal Inc., Seoul, Korea)
weighing 140-230 g (6 weeks of age) at the start of the experi-
ment were used. The animals were housed three per cage in a
room with controlled temperature conditions (21-22°C) and
lighting (12/12 h light/dark cycle), and had free access to ster-
ile food and water. All of the animal procedures were approved
by the Animal Research Ethics Committee at The Catholic
University of Korea (Permit Number: 2014-0002-01).

Induction of OA in the rats and treatment with CCE,
HA, and CLX

The animals were randomized and assigned to treatment
groups before the study began. OA was induced by intra-artic-
ular injection of 50 uL containing 3 mg monosodium iodoac-
etate (MIA; Sigma, St. Louis, MO, USA) using a 26.5 G needle
inserted through the patellar ligament into the intra-articular
space of the right knee. The CCE (Api Co. Ltd., Gifu, Japan)
and HA were kindly provided by Everlife. Co., Ltd. (Fukuoka,
Japan). Animals with OA were treated with saline, CCE (200
mg/kg), HA (25 mg/kg), or CLX (5 mg/kg). CCE, HA, and
CLX were administered orally each day.

Assessment of pain behavior

As described in detail in previously [4,18], the MIA-treated
rats were randomized to each experimental group and mechan-
ical sensitivity was assessed using a dynamic plantar aesthesi-

TEBM

ometer (UgoBasile, Comerio, Italy), which is essentially an au-
tomated version of the von Frey hair assessment procedure. The
rats were placed on a metal mesh surface in an acrylic chamber
in a temperature-controlled room (21-22°C), and were allowed
to acclimatize for 15 min before the testing began. The touch
stimulator unit was oriented under the animal. An adjustable
angled mirror was used to place the stimulating microfilament
(0.5 mm diameter) below the plantar surface of the hind paw.
When the instrument was activated, a fine plastic monofilament
was advanced at a constant speed and touched the paw in the
proximal metatarsal region.

The filament exerted a gradually increasing force on the plan-
tar surface, starting below the threshold of detection and in-
creasing until the stimulus became painful, as indicated by re-
moval of the paw. The force required to elicit a paw withdrawal
reflex was recorded automatically and measured in grams. A
maximum force of 50 g and a ramp speed of 20 s were used for
all of the aesthesiometry tests. Pain behavioral tests of second-
ary tactile allodynia were conducted immediately before ad-
ministering CCE, HA, and CLX.

Joint histology and immunohistochemical analyses
Histological changes were assessed to confirm the effects of
CCE, HA, and CLX on cartilage degeneration in the knee joints
of OA rats. The knee joints, including the patella and joint cap-
sule, were resected and kept in the 10% neutral buffered for-
malin for an additional 48 h at 4°C. The fixed specimens were
decalcified with 5% formic acid decalcifier for 6 days at 4°C.
After decalcification, the specimens were embedded in paraf-
fin. Standardized 7-pm serial sections were obtained at the
medial and lateral mid condylar level in the sagittal plane and
were stained with hematoxylin and eosin (H&E), Safranin O-
fast green, and toluidine blue to enable evaluation of proteogly-
can content. Slides for immunohistochemistry were deparaf-
finized and rehydrated using a graded ethanol series. The
sections were depleted of endogenous peroxidase activity by
adding methanolic H,O, and then blocked with normal goat
serum for 30 min. The samples were incubated overnight at 4°C
with antibodies to interleukin (IL)-1p at a dilution of 1:50 (San-
ta Cruz Biotechnology, Santa Cruz, CA, USA), MMP-13 at
1:50 (Abcam, Cambridge, UK), MMP-3 at 1:100 (Santa Cruz
Biotechnology, Santa Cruz, CA, USA), inducible nitric oxide
synthase (iNOS) at 1:100 (Abcam), nitrotyrosine 1:100 (Santa
Cruz). The samples were then incubated with the respective
secondary antibodies, biotinylated anti-mouse IgG or rabbit
IgG, for 20 min, conjugated to a streptavidine peroxidase com-
plex (Vector Laboratories, Burlingame, CA, USA) for 1 h, and
finally with 3,30-diaminobenzidine (Dako, Glostrup, Den-
mark). The sections were counterstained with Mayer’s hema-
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toxylin and photographed using an Olympus photomicro-
scope (Olympus, Tokyo, Japan).

A modified Mankins histological score [19] (original score
proposed by Mankin et al. [20]) was used to score histological
injuries of the articular cartilage as follows. The structure was
scored on a scale of 0-6, where O=normal; 1=irregular surface,
including fissures into the radial layer; 2=pannus; 3=absence
of superficial cartilage layers; 4=slight disorganization (cellular
row absent, some small superficial clusters); 5=fissure into the
calcified cartilage layer; and 6=disorganization (chaotic struc-
ture, clusters, and osteoclasts activity). Cellular abnormalities
were scored on a scale of 0-3, where O=normal; 1=hypercellu-
larity, including small superficial clusters; 2=clusters; and
3=hypocellularity. The matrix staining was scored on a scale of
0—4, where O=normal/slight reduction in staining; 1=staining
reduced in the radial layer; 2=staining reduced in the interter-
ritorial matrix; 3=staining present only in the pericellular ma-
trix; and 4=staining absent. Joint space width was estimated
measuring the sum of the nearest distance of medial and later-
al tibiofemoral joints. Histological evaluation was performed
by two independent experienced researchers who were blind-
ed to the treatment arm.

Microscopic imaging analysis of OA joints

Global joint pathology was evaluated by India ink. Femoral
and tibial were carefully dissected separately without damping
the cartilage surface, and were then stained with India ink to
identify the location, size and severity of cartilage degradation.
Digital images were taken using an Olympus photomicro-

scope (Olympus, Tokyo, Japan).

Chondrocyte isolation and expansion

Our study was approved by the Institutional Review Board
of Bucheon St. Mary’s Hospital (HC15TISI0002) and was per-
formed in accordance with the Helsinki I Declaration. All pa-
tients were informed and gave their written consent. An in-
formed consent was obtained from all patients with OA, who
fulfilled the American College of Rheumatology criteria for
this disease [21]. Cartilage samples were washed in calcium-
and magnesium-free PBS and finely grounded. Chondrocytes
were obtained by digesting the articular cartilage with 0.2%
pronase (Sigma) for 1 h, followed by digestion with 0.2% Clos-
tridia collagenase (Sigma) for 3 h at 37°C in high-glucose Dul-
becco’s modified Eagle medium (DMEM; Life Technologies,
Gaithersburg, MD, USA) containing an antibiotic-antimycotic
solution (100 U/mL penicillin, 100 pg/mL streptomycin, and
0.25 pg/mL amphotericin B; Life Technologies). Undigested
cartilage was removed with a 70-pg nylon mesh (Cell Strainer;
Falcon), and the chondrocytes were collected by centrifuga-
tion, washed twice, followed by being resuspended in DMEM
with 10% fetal bovine serum (FBS; Life Technologies). Finally,
the cells were plated in 100-mm tissue culture dishes for ex-
pansion at 37°C in a 5% CO, humidified atmosphere for 10
days (Shel Lab). The medium of the suspension culture was
changed every 2-3 days. In all experiments, chondrocytes were
cultured under FBS-free DMEM conditions (5%, v/v) and
were used in monolayers at confluence. Cells (1x10° cells/
well) were placed in 24-well tissue culture plates, and the me-
dium was replaced with serum-free DMEM on the next day.
Twenty-four hours later, the cells were pretreated with eupatil-
in for 2 h and then stimulated with or without recombinant
human IL-1B (20 ng/mL; R&D Systems, MN, USA) for 48 h.
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Figure 1. Therapeutic effect of chicken comb extract (CCE) in an early phase of monosodium iodoacetate (MIA) induced osteoar-
thritis (OA) in rats. CCE was administered orally every day from 4th day after MIA injection in the right knee of rats. Behavioral tests
of secondary tactile allodynia in the right knee MIA injected rats treated with hyaluronic acid (HA), celecoxib (CLX) or CCE were
measured using a dynamic plantar esthesiometer (n=10 on each day for each group). (A) Compared with vehicle-treated OA rats,
OA animals treated with CCE at a dose of 100 mg/kg showed a significant increase in paw withdrawal latency (PWL). (B) Paw with-
drawal threshold (PWT) was increased significantly in OA animals treated with CCE. The data are expressed as mean and error
bars for three animals per group. PWL and PWT were conducted right before the administration of CCE. Significant differences be-
tween vehicle- and CCE-treated groups: *p<0.05 and p<0.001 compared with the vehicle-treated OA group.
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Figure 2. Histological evaluation of joints and osteoclastic activity after treatment with chicken comb extract (CCE) in monosodium
iodoacetate (MIA)-induced osteoarthritis (OA). (A) The knee joints from the OA rats treated with hyaluronic acid (HA), celecoxib
(CLX) or CCE were stained with hematoxylin and eosin (H&E), Safranin O-fast green, and toluidine blue. Compared with MIA
group, comprehensive cartilage degradation, bone destruction, and fibrosis are suppressed in the HA, CLX, or CCE treated group.
The joint lesions were graded on a scale of 0—13 using the modified Mankin scoring system. (B) Total Mankin score is a sum of the
scores for cartilage structure, cellular abnormalities, and matrix staining. The data are expressed as meantstandard error of the

mean for six animals per group. *p<0.05 and *p<0.001 compared with the MIA-injected group. WT: wild type.

Reverse transcription reaction and real-time
polymerase chain reaction

Total RNA was isolated from human chondrocytes using the
TRIzol method (Invitrogen). The complimentary DNA (cDNA)
was prepared by reverse transcription of the single-stranded
RNA according to the manufacturer’s directions included in
the High Capacity cDNA Reverse Transcription Kit (Applied
Biosystems). The levels of mRNA expression were estimated
using real-time quantitative polymerase chain reaction (PCR)
with LightCyclerFastStart DNA Master SYBR green I (Takara),
according to the manufacturer’s instructions. The primer pairs
used in these reactions were as follows: for control human
B-actin, forward 5-GGA CTT CGA GCA AGA GAT GG-3;
reverse 5-TGT GTT GGC GTA CAG GTC TTT G-3’; for hu-

man tissue inhibitor of metalloproteinase (TIMP)-1, forward
5-AAT TCC GAC CTC GTC ATC AG-3; reverse 5-TGC
AGT TTT CCA GCA ATG AG-3’; for human TIMP-3, for-
ward 5-CTG ACA GGT CGC GTC TAT GA-3] reverse 5-
GGC GTA GTG TTT CTG GT-3; for MMP-1, forward 5'-
CTG AAG GTG ATG AAG CAG CC-3;] reverse 5-AGT CCA
AGA GAA TGG CCG AG-3’; for MMP-3, forward 5-CTC
ACA GAC CTG ACT CGG TT-3; reverse 5-CAC GCC TGA
AGG AAG AGA TG-3’; for MMP-13, forward 5-CTA TGG
TCC AGG AGA TGA AG-3; reverse 5-AGA GTC TTG CCT
GTA TCC TC-3. The amplification reactions, data acquisition,
and analysis were performed with the LightCycler Real-Time
PCR system (Roche Diagnostics, San Francisco, CA, USA),
and the relative levels of gene expression were normalized
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Figure 3. Microscope analysis of the damaged cartilage in the femoral and tibial articular cartilage of an osteoarthritis rat model us-
ing India ink staining at 4 weeks after monosodium iodoacetate (MIA) injection. The gross morphological changes of the femoral
condyles and tibial plateau were photographed using a digital camera with application of India ink to contrast the cartilage lesions.

CCE: chicken comb extract, HA: hyaluronic acid, CLX: celecoxib.

against B-actin.

Statistical analysis

The change of pain behavior was expressed as means*stand-
ard error of the mean. Each value of histological assessments
and pain behaviors was represented as a dot plot. One-way
analysis of variance followed by Bonferroni’s post-hoc test was
used to compare pain and histological scores. To assess the
Gaussian distribution and the equality of variance, Shapiro-
Wilk test and Levene’s test were used, respectively. The program
used for the statistical analysis was SPSS statistical software
package standard version 16.0 (SPSS Inc., Chicago, IL, USA). p
values less than 0.05 (two-tailed) were considered significant.

RESULTS

CCE revealed anti-nociceptive effects on MIA-induced
OA rats

Secondary tactile allodynia in MIA-induced OA rats was
performed to measure the ability of CCE to reduce the pain in
OA compared to HA and CLX. In the automated von Frey
hair assessment tests, the paw withdrawal latency (PWL) and
the paw withdrawal threshold (PWT) were significantly en-
hanced in the group of OA rats treated with CCE (Fig. 1) versus
the MIA group of OA rats. Treatment with HA and CLX also
increased PWL and PWT, but CCE treatment most enhanced

356 Tissue Eng Regen Med 2015;12(5):352-361

PWL and PWT in OA rats.

Cartilage damage was attenuated with CCE
treatment in MIA-induced OA rats

The knees were excised, and the cartilage was stained with
H&E, Safranin O-fast green, and toluidine blue to evaluate the
ability of CCE to reduce cartilage damage in OA compared to
HA and CLX. Compared to the MIA group, cartilage thickness
and the proteoglycan content in joints of OA rats were reduced
by treatment with CCE, HA, and CLX (Fig. 2A). The degree of
cartilage degradation was evaluated using Mankin’s score sys-
tem. This system scores structural damage, cellular abnormali-
ties, and matrix staining. The CCE-, HA-, and CLX-treated
groups all showed significantly lower Mankin scores than the
MIA group (Fig. 2B).

Reduced joint damage by oral administration of CCE
in MIA-induced OA rats

We assessed damage to the articular cartilage surface using
India ink 4 weeks after MIA injection. Grossly, the normal joints
revealed smooth and shiny articular surfaces. The knees of the
MIA-treated group showed irregular abrasions on the articular
cartilage surfaces of the femoral condyle and the tibial plateau,
but the CCE-, HA-, and CLX-treated animals had smoother ar-
ticular surfaces than the MIA-treated group. The CCE treatment
group was most similar to the normal group (Fig. 3).
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Figure 4. Effect of chicken comb extract (CCE) on the expression of interleukin (IL)-18, matrix metalloproteinases (MMP)-3 and -13
in osteoarthritis joints. (A) Immunohistochemical staining was used to identify the expression of IL-18, MMP-3, and -13 in the articu-
lar cartilage. (B) The cells expressing IL-13, MMP-3, and -13 was reduced by hyaluronic acid (HA), celecoxib (CLX), or CCE in the
articular cartilage of monosodium iodoacetate (MIA)-injected rats. The data are expressed as meanztstandard error of the mean for

six animals per group. *p<0.05, 1p<0.01, and ¥p<0.001 compared with the MIA-injected group.

CCE treatment reduced expression of matrix
MMP-3 and MMP-13 and IL-1p in OA rats

Expression of the matrix degrading enzymes, MMP-3 and
MMP-13, was evaluated to assess the chondroprotective effect
of CCE to suppress cartilage damage in OA compared to HA
and CLX. MMP-3 and MMP-13 expression, upregulated by
MIA injection, was downregulated after treatment with CCE,
HA, and CLX. Expression of the proinflammatory cytokine
IL-1p was also decreased by treatment with CCE, HA, and CLX.
CCE treatment showed the largest decreases in IL-13, MMP-3,
and MMP-13 (Fig. 4).

Expression of inducible nitric oxide synthase and
nitrotyrosine was decreased by treatment with CCE
in OA rats

To measure the ability of CCE to inhibit oxidant factors re-
lated to OA’ pathogenesis, compared to HA and CLX, the ex-
pression of iNOS and nitrotyrosine production in joints of OA
rats were examined by immunohistochemistry. The expression
of iNOS and nitrotyrosine production, induced by MIA injec-
tion, was suppressed after treatment with CCE, HA, and CLX.
CCE treatment showed the largest decreases in IL-1f, MMP-3,
and MMP-13 (Fig. 5).
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Figure 5. Attenuated induced nitric oxide synthase (INOS) and nitrotyrosine in chicken comb extract (CCE)-treated osteoarthritis
(OA) rats. (A) Immunohistochemical staining was used to identify the expression of INOS and nitrotyrosine in the joint tissue. (B)
The cells expressing INOS and nitrotyrosine was suppressed in hyaluronic acid (HA), celecoxib (CLX) or CCE treated OArats. The
data are expressed as meantS.E.M for three animals per group. *p<0.05, p<0.01, and *p<0.001 compared with the monosodium

iodoacetate (MIA)-injected group.

CCE treatment affected the balance between anabolic
and catabolic mediators

The expression levels of anabolic and catabolic mediators
were measured by real-time PCR to evaluate the ability of
CCE to control the balance between anabolic and catabolic ac-
tivity in OA, compared to HA and CLX. The relative mRNA
expression levels of MMP-1, MMP-3, and MMP-13 were most
significantly decreased by CCE treatment. Treatment with
CCE most significantly increased the mRNA levels of TIMP-1
and TIMP-3 (Fig. 6).

358 Tissue Eng Regen Med 2015;12(5):352-361

DISCUSSION

Although CCE has been used as part of many dishes and rec-
ognized tissues containing HA, there is little evidence of the
therapeutic role of CCE for OA related medical condition. In
the present study, we showed the inhibitory cartilage degener-
ation and anti-inflammatory effect of CCE in MIA induced
OA rat model.

The most important observation in this investigation is anti-
oxidant function of CCE. It is well reported that nitric oxide
(NO) is involved in the pathogenesis of OA and the expression
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Figure 6. The regulation of anabolic and catabolic activity in human osteoarthritis (OA) chondrocytes by chicken comb extract
(CCE) treatment. (A, B, and C) The mRNA level of catabolic mediators such as matrix metalloproteinases (MMP)-1, -3, and -13
was decreased in human OA chondrocytes by CCE treatment. (D and E) The mRNA level of MMPs inhibitors such as TIMP metal-
lopeptidase inhibitor (TIMP)-1 and -3 was increased in human OA chondrocytes by CCE treatment. *p<0.05, p<0.01, and *p<0.001
compared with the monosodium iodoacetate (MIA)-injected group. IL: interleukin, HA: hyaluronic acid, CLX: celecoxib.

of NO is promoted in OA reducing matrix synthesis and en-
hancing its degradation [22,23]. Additionally, the inhibition of
iNOS suppresses the advancement of experimental OA reduc-
ing the expression of major catabolic factors such as MMP and
IL-1P [24,25]. As NO and iNOS have been known as marker
that is generated and increased in OA [26,27], the reduction of
nitrotyrosine and iNOS expression is notable characteristic to
attenuate OA. Therefore, our results have suggested that CCE
can conduct therapeutic role in OA reducing MMP and IL-1p.

Anti-cartilage degenerative activity of CCE is an important
finding in this study. It has been known that the degeneration
of articular cartilage is the clinical syndrome of OA [28]. Car-
tilage degeneration is one of the most prevalent elements of
joint pain and dysfunction [28,29]. Moreover, previous inves-
tigation has demonstrated that OA leads to deformation of
tibia and femur [30]. CCE treatment decreases PWL and PWT
indicating that CCE performed antinociceptive effects in

pres,ent study. It also shows the inhibitory effect of cartilage
degeneration, tibia and femur changes in joint of MIA induced
OA rat like that of HA and CLX. Thus, CCE has a potential to
improve joint disability and pain induced by OA.

As the imbalance between anabolic and catabolic factors re-
sults in cartilage degeneration, catabolic activity is significant in
OA pathogenesis. There is evidence that several catabolic mol-
ecules such as MMP-3 and -13 are involved in OA pathogene-
sis and play a key role in advancement of OA [31,32]. The in-
ducer of TIMPs reveals protective function in OA because
TIMP-1 and -3 reduce MMPs activity [33,34]. Our observa-
tions show that CCE suppresses the mRNA expression of
MMP-1, -3, and -13. On the other hands, TIMP-1 and -3
mRNA level is increased by CCE treatment. These results indi-
cate that CCE may inhibit cartilage degradation and reveal
therapeutic effect in OA.

As pain and inflammatory response in OA patients of the
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knee was reduced by HA treatment, it has been recognized that
HA is effective treatment for OA [35-37]. Based on our results,
CCE has a therapeutic function in OA such as HA and the ef-
fect of CCE may be related with HA because CCE contains
high amount of HA [38]. Moreover, HA was extracted from
chicken comb and used to decrease the joint injury-associated
cartilage degradation [38-40]. Thus, the therapeutic function
of CCE may result from the therapeutic mechanism of HA.
There is little evidence in the study addressing inhibition of
cartilage degeneration and pain relief by CCE. The present in-
vestigation suggests that CCE ameliorates MIA induced OA
through the reduction of oxidative stress and MMPs. The func-
tion of CCE identified in this investigation demonstrates that it
likely plays a significant role in suppression of OA. In conclu-
sion, CCE can be candidate to therapeutic substance for OA.

Conflicts of Interest
The authors have no financial conflicts of interest.

Ethical Statement

All of the animal procedures were approved by the Animal
Research Ethics Commiittee at The Catholic University of Ko-
rea (Permit Number: 2014-0002-01).

REFERENCES

1. Kalman DS, Heimer M, Valdeon A, Schwartz H, Sheldon E. Effect of a
natural extract of chicken combs with a high content of hyaluronic acid
(Hyal-Joint) on pain relief and quality of life in subjects with knee osteo-
arthritis: a pilot randomized double-blind placebo-controlled trial. Nutr
] 2008;7:3.

2. Gupta S, Hawker GA, Laporte A, Croxford R, Coyte PC. The economic
burden of disabling hip and knee osteoarthritis (OA) from the perspec-
tive of individuals living with this condition. Rheumatology (Oxford)
2005;44:1531-1537.

3. Berenbaum E Osteoarthritis as an inflaimmatory disease (osteoarthritis
is not osteoarthrosis!). Osteoarthritis Cartilage 2013;21:16-21.

4. Lee ], Hong YS, Jeong JH, Yang EJ, Jhun JY, Park MK, et al. Coenzyme
Q10 ameliorates pain and cartilage degradation in a rat model of osteo-
arthritis by regulating nitric oxide and inflammatory cytokines. PLoS
One 2013;8:69362.

5. Kapoor M, Martel-Pelletier ], Lajeunesse D, Pelletier JP, Fahmi H. Role
of proinflammatory cytokines in the pathophysiology of osteoarthritis.
Nat Rev Rheumatol 2011;7:33-42.

6. Verbruggen G. Chondroprotective drugs in degenerative joint diseases.
Rheumatology (Oxford) 2006;45:129-138.

7. Ghosh P, Guidolin D. Potential mechanism of action of intra-articular
hyaluronan therapy in osteoarthritis: are the effects molecular weight
dependent? Semin Arthritis Rheum 2002;32:10-37.

8. Moreland LW. Intra-articular hyaluronan (hyaluronic acid) and hylans
for the treatment of osteoarthritis: mechanisms of action. Arthritis Res
Ther 2003;5:54-67.

9. Adams ME, Lussier AJ, Peyron JG. A risk-benefit assessment of injec-
tions of hyaluronan and its derivatives in the treatment of osteoarthritis
of the knee. Drug Saf 2000;23:115-130.

10. Evanich JD, Evanich CJ, Wright MB, Rydlewicz JA. Efficacy of intraar-

360 Tissue Eng Regen Med 2015;12(5):352-361

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

ticular hyaluronic acid injections in knee osteoarthritis. Clin Orthop
Relat Res 2001;(390):173-181.

Sun SE Chou YJ, Hsu CW, Hwang CW, Hsu PT, Wang JL, et al. Efficacy
of intra-articular hyaluronic acid in patients with osteoarthritis of the
ankle: a prospective study. Osteoarthritis Cartilage 2006;14:867-874.
McCormack PL. Celecoxib: a review of its use for symptomatic relief in
the treatment of osteoarthritis, rheumatoid arthritis and ankylosing
spondylitis. Drugs 2011;71:2457-2489.

Lund BC, Neiman RE. Visual disturbance associated with celecoxib.
Pharmacotherapy 2001;21:114-115.

Coxib and traditional NSAID Trialists’ (CNT) Collaboration, Bhala N,
Emberson J, Merhi A, Abramson S, Arber N, et al. Vascular and upper
gastrointestinal effects of non-steroidal anti-inflammatory drugs: meta-
analyses of individual participant data from randomised trials. Lancet
2013;382:769-779.

Nakano T, Imai S, Koga T, Sim JS. Light microscopic histochemical and
immunohistochemical localisation of sulphated glycosaminoglycans in
the rooster comb and wattle tissues. ] Anat 1996;189 (Pt 3):643-650.
Torrent A, Ruhi R, Theodosakis J, Blanco FJ. 520 comparative efficacy of
IB0004, extracted hyaluronic acid (HA) and fermented HA on the syn-
thesis of endogenous HA by human synoviocytes. Osteoarthritis Carti-
lage 2009;17 Suppl 1:5278-S279.

Nagaoka I, Nabeshima K, Murakami S, Yamamoto T, Watanabe K, To-
monaga A, et al. Evaluation of the effects of a supplementary diet con-
taining chicken comb extract on symptoms and cartilage metabolism in
patients with knee osteoarthritis. Exp Ther Med 2010;1:817-827.

Moon SJ, Woo Y], Jeong JH, Park MK, Oh H]J, Park JS, et al. Rebamipide
attenuates pain severity and cartilage degeneration in a rat model of os-
teoarthritis by downregulating oxidative damage and catabolic activity
in chondrocytes. Osteoarthritis Cartilage 2012;20:1426-1438.

Bulstra SK, Buurman WA, Walenkamp GH, Van der Linden AJ. Meta-
bolic characteristics of in vitro cultured human chondrocytes in relation
to the histopathologic grade of osteoarthritis. Clin Orthop Relat Res
1989;(242):294-302.

Mankin HJ, Dorfman H, Lippiello L, Zarins A. Biochemical and meta-
bolic abnormalities in articular cartilage from osteo-arthritic human
hips. II. Correlation of morphology with biochemical and metabolic
data. ] Bone Joint Surg Am 1971;53:523-537.

Altman R, Asch E, Bloch D, Bole G, Borenstein D, Brandt K, et al. De-
velopment of criteria for the classification and reporting of osteoarthri-
tis. Classification of osteoarthritis of the knee. Diagnostic and Therapeu-
tic Criteria Committee of the American Rheumatism Association.
Arthritis Rheum 1986;29:1039-1049.

Scher JU, Pillinger MH, Abramson SB. Nitric oxide synthases and osteo-
arthritis. Curr Rheumatol Rep 2007;9:9-15.

Abramson SB. Osteoarthritis and nitric oxide. Osteoarthritis Cartilage
2008;16 Suppl 2:515-520.

Pelletier JP, Jovanovic D, Fernandes JC, Manning P, Connor JR, Currie
MG, et al. Reduced progression of experimental osteoarthritis in vivo by
selective inhibition of inducible nitric oxide synthase. Arthritis Rheum
1998;41:1275-1286.

Pelletier JP, Lascau-Coman V, Jovanovic D, Fernandes JC, Manning P,
Connor JR, et al. Selective inhibition of inducible nitric oxide synthase
in experimental osteoarthritis is associated with reduction in tissue lev-
els of catabolic factors. ] Rheumatol 1999;26:2002-2014.

Spreng D, Sigrist N, Schweighauser A, Busato A, Schawalder P. Endoge-
nous nitric oxide production in canine osteoarthritis: detection in urine,
serum, and synovial fluid specimens. Vet Surg 2001;30:191-199.
McInnes IB, Leung BP, Field M, Wei XQ, Huang FP, Sturrock RD, et al.
Production of nitric oxide in the synovial membrane of rheumatoid and
osteoarthritis patients. ] Exp Med 1996;184:1519-1524.

Buckwalter JA, Mankin HJ. Articular cartilage: degeneration and osteo-
arthritis, repair, regeneration, and transplantation. Instr Course Lect



29.

30.

31.

32.

33.

34.

35.

1998;47:487-504.

Buckwalter JA, Mankin HJ, Grodzinsky AJ. Articular cartilage and os-
teoarthritis. Instr Course Lect 2005;54:465-480.

Cicuttini FM, Wluka AE, Stuckey SL. Tibial and femoral cartilage
changes in knee osteoarthritis. Ann Rheum Dis 2001;60:977-980.
Blasioli DJ, Kaplan DL. The roles of catabolic factors in the development
of osteoarthritis. Tissue Eng Part B Rev 2014;20:355-363.

Mueller MB, Tuan RS. Anabolic/Catabolic balance in pathogenesis of os-
teoarthritis: identifying molecular targets. PM R 2011;3(6 Suppl 1):S3-S11.
Zhang FJ, Yu WB, Luo W, Gao SG, Li YS, Lei GH. Effect of osteopontin
on TIMP-1 and TIMP-2 mRNA in chondrocytes of human knee osteo-
arthritis in vitro. Exp Ther Med 2014;8:391-394.

Kashiwagi M, Tortorella M, Nagase H, Brew K. TIMP-3 is a potent in-
hibitor of aggrecanase 1 (ADAM-TS4) and aggrecanase 2 (ADAM-TS5).
] Biol Chem 2001;276:12501-12504.

Petrella R]. Hyaluronic acid for the treatment of knee osteoarthritis:
long-term outcomes from a naturalistic primary care experience. Am J
Phys Med Rehabil 2005;84:278-283; quiz 284, 293.

36.

37.

38.

39.

40.

TEBM

Balazs EA, Denlinger JL. Viscosupplementation: a new concept in the
treatment of osteoarthritis. ] Rheumatol Suppl 1993;39:3-9.

Rydell N, Balazs EA. Effect of intra-articular injection of hyaluronic acid
on the clinical symptoms of osteoarthritis and on granulation tissue for-
mation. Clin Orthop Relat Res 1971;80:25-32.

Yoshimura M, Aoba Y, Watari T, Momomura R, Watanabe K, Tomonaga
A, et al. Evaluation of the effect of a chicken comb extract-containing
supplement on cartilage and bone metabolism in athletes. Exp Ther
Med 2012;4:577-580.

Kang DY, Kim WS, Heo IS, Park YH, Lee S. Extraction of hyaluronic
acid (HA) from rooster comb and characterization using flow field-flow
fractionation (FIFFF) coupled with multiangle light scattering (MALS). J
Sep Sci 2010;33:3530-3536.

Srisantisaeng P, Garnjanagoonchorn W, Thanachasai S, Choothesa A.
Proteolytic activity from chicken intestine and pancreas: extraction, par-
tial characterization and application for hyaluronic acid separation from
chicken comb. J Sci Food Agric 2013;93:3390-3394.

www.term.or-kr 361





