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Deer bone extract has the potential to relieve the
discomfort or the articular cartilaginous damage
associated with osteoarthritic (OA) and may be
useful as a natural supplement for OA treatment
without serious side effects. We analyzed the expres-
sion of pro-inflammatory cytokine and cartilage-
related genes in monosodium iodoacetate-induced
OA rats. Increases in the levels of serum pro-inflam-
matory cytokines, such as interleukin-1β, interleukin-
6, and tumor necrosis factor-α were significantly
inhibited by the administration of deer bone extract
(p < 0.05). Decreases in the expression of collagen type
II (COL2) and tissue inhibitors of metalloproteinases
(TIMPs) mRNAs in the cartilage were significantly
inhibited by deer bone extract treatment (p < 0.05).
The deer bone extract significantly suppressed the
expression of matrix metalloproteinases (MMPs)
mRNAs in the cartilage. The deer bone extract
induced the up-regulation of COL2 and TIMP
mRNAs and the down-regulation of MMP mRNAs
by suppressing the expression of pro-inflammatory
cytokine mRNAs.

Key words: osteoarthritis; deer bone extract; pro-
inflammatory cytokines; tissue inhibitors
of metalloproteinases; matrix metallopro-
teinase

Osteoarthritis (OA) is defined as a heterogeneous con-
dition that leads to joint symptoms and signs that are
related to defects in the integrity of articular cartilage, in
addition to related changes in the underlying bone at the
joint margins.1) Fifty-five recent studies indicated that
OA is related to an excess of matrix metalloproteinases
(MMPs) that can collectively degrade all of the structural
proteins of the extracellular matrix (ECM), including
interstitial collagen type II (COL2).2–4) MMPs are
controlled by a group of inhibitor proteins known as the

tissue inhibitors of metalloproteinases (TIMPs).5) Previ-
ous studies have demonstrated that various cytokines can
affect MMP and TIMP gene expression.6,7) OA chondro-
cytes secret pro-inflammatory cytokines, such as inter-
leukin-1β (IL-1β), interleukin-6 (IL-6), and tumor
necrosis factor-α (TNF-α).8) 62 The key events in the
irreversible degradation of the cartilaginous matrix are
up-regulated MMP expression and down-regulated
TIMP expression by these pro-inflamatory cytokines.9)

It was previously believed that once damaged articu-
lar cartilage could not be restored. Treatments were,
therefore, targeted toward symptomatic relief with anal-
gesics and anti-inflammatory agents, as well as lubricat-
ing and cushioning agents. However, research has
provided evidence suggesting that some forms of
intervention may support the body’s ability to repair
damaged articular cartilage.10) The administration of
non-steroidal anti-inflammatory drugs is the conven-
tional treatment of OA management. These medications
often relieve pain or OA symptoms but can causes seri-
ous side effects, for example, hepatic or renal failure
and peptic ulcers.11,12) Many people with OA try com-
plementary and alternative therapies. Therefore, efforts
are being made to elucidate the potential of natural
products in OA treatment.13,14) In recent years, several
investigators have suggested that certain supplements
may stimulate the repair of damaged articular cartilage
or at least decelerate its progressive degradation14);
these supplements include chondroitin sulfate and
collagen hydrolysate.15)

Deer bone extract is a proprietary nutraceutical grade
powder containing various components associated with
cartilage, such as glucosamine, calcium, and ganglio-
side, as well as chondroitin sulfate and collagen hydro-
lysate. Deer bone extract has the potential to relieve the
discomfort or the articular cartilaginous damage associ-
ated with OA, and may be useful as a natural supple-
ment for OA treatment without serious side effects.
However, the pharmacological actions of deer bone
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extract on OA have not been well documented. As a
plausible remedy for OA with no side effects, the
pharmaceutical effect of deer bone extract should be
evaluated.

Therefore, the objective of this study was to evaluate
the anti-osteoarthritic effect of deer bone extract using
an OA animal model. We investigated the expression
of pro-inflammatory cytokine and cartilage-related
genes in OA rats treated with deer bone extract.

Materials and methods
Preparation of deer bone extract. Dried antlers

(Cervi elaphus) from adult male New Zealand elks
were obtained from the Nongshim Co. (Seoul, Korea).
The distal end portion of the deer bone was extracted
with distilled water under pressure and cooling. The
lipid layer of extract was removed by oil separator.
The separated solution was filtered and concentrated
using a vacuum evaporator and was then dried. Table 1
shows the components of deer bone extract used in
this study.

Experimental animals. Six-week-old male Wistar
rats were obtained from Daehan Biolink (Daejeon,
Korea). The rats were individually housed in plastic
cages. The temperature (24 ± 1 °C), atmospheric humid-
ity (60%), and light–dark cycle (12 h/12 h) in the room
were controlled. Before the experiment, the rats had
ad libitum access to water and a commercial diet
mainly composed of plant (grain) sources those have
been confirmed as no direct effects on inflammation
(Samyang Co., Seoul, Korea).

OA induction. OA induction was performed as
previously described by Duhan et al.16) with some
modifications. Briefly, the rats were anesthetized with
isoflurane (Abbott Lab., IL, USA) and given a single
intra-articular injection of 3 mg of monosodium iodoac-
etate (MIA; 101 Sigma Co., MO, USA) through the
infrapatellar ligament of the knee joint. MIA was dis-
solved in phosphate-buffed saline (PBS) and injected in
a volume of 50 μL using a 27-gauge, 0.5-inch needle.

Experimental protocol. The rats were randomly
divided into the following five groups (10 rats/group):
sham control (SC: non-treatment without OA induc-
tion); negative control (NC: non-treatment after OA
induction); positive control (PC: 125 mg/kg glucosa-
mine sulfate (GS) + 125 mg/kg chondroitin sulfate (CS)

after OA induction); low dosage of deer bone extract
(LDB: 250 mg/kg deer bone extract after OA induc-
tion); and high dosage of deer bone extract (HDB:
500 mg/kg deer bone extract after OA induction). Each
substance was administered orally in a volume of
10 mL/kg once per day for 50 days from day after
MIA was injected. All of the rats were anesthetized by
an intra-peritoneal injection of sodium pentobarbital
(30 mg/kg) and killed by cervical dislocation at 50th
day after MIA injection. All of the experiments were
reviewed and approved by the Korea University
Animal Care Committee (KUIACUC-2012-165).

IL-1β, IL-6, and TNF-α in serum. At the end of
the experimental feeding period, the rats fasted 24 h
before being sacrificed. Blood samples were collected
into serum-separation tubes. The tubes were maintained
for 30 min at 25 °C and centrifuged at 3000×g for
10 min at 4 °C. The IL-1β, IL-6, and TNF-α levels in
serum were determined using enzyme-linked immuno-
sorbent assay kits (R&D Systems, MN, USA) accord-
ing to the manufacturer’s instruction.

Expression of COL2 MMP and TIMP mRNAs in
articular cartilage. The expression of COL2, MMP,
and TIMP mRNAs was evaluated using real-time quan-
titative polymerase chain reaction (qPCR) assays. The
articular cartilage was extracted, weighed, immediately
frozen in liquid nitrogen, and stored in the freezer at
−70 °C. RNA was extracted from the articular cartilage
and cDNA was synthesized following the method of
Marlovits et al.17) The synthesized cDNA (100 ng) was
subjected to qPCR amplification using the TaqMan®

gene-expression master mix (Applied Biosystems, CA,
USA) according to the manufacturer’s instruction. The
TaqMan® gene expression assay kits for MMP-2,
MMP-3, MMP-9, MMP-13, TIMP-1, and TIMP-2 as
the target genes (FAM® 129 MGB probe) and for beta-
actin (ACTB) as the endogenous control gene (VIC®

130 MGB probe) were purchased from Applied
Biosystems. Respective interrogated sequences for
Taqman gene expression assay and tissues from where
the mRNA levels were determined are: TIMP1:
NM_001044384.1; TIMP2: NM_011594.3; MMP-2:
NM_008610.2; MMP-3: NM_010809.1; MMP-9:
NM_013599.3; MMP-13: NM_008607.2.
A StepOne real-time PCR system (Applied Biosys-

tems) was used for the qPCR assays. The cycling con-
ditions were 2 min at 50 °C, 10 min at 95 °C, 15 s at
95 °C (40 cycles), and 1 min at 60 °C. The relative
expression ratio was calculated using comparative
methods.

Statistical analysis. The statistical analysis was
performed using the statistical package for social sci-
ences software (SPSS, SPSS Inc., IL, USA). The
results are given as mean values ± standard deviation
(SD). The differences among groups were analyzed
using one-way analysis of variance (ANOVA) with
Tukey’s multiple range tests. Values of p < 0.05 were
considered to be statistically significant.

Table 1. Contents of components in deer bone extract.

Item Contents (%)

Crude protein (collagen) 80.94 (30.81)
Crude lipid 12.47
Ash 3.52
Moisture 3.07
Chondroitin sulfate 2.29
Ganglioside 0.11
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Results
Body weight and food intake
The body and organ weights of the OA rats treated

with deer bone extract for 50 days are presented in
Table 2. The intra-articular injection of MIA resulted in
a significant decrease in body weight (SC: 334.1 g vs.
NC: 302.5 g, p < 0.05). When the deer bone extract
was administered to the OA rats for 50 days, the body
weight was slightly higher compared with that of the
rats administered the vehicle. Treatment with the deer
bone extract also tended to normalize the food intake
that was decreased by OA induction, but there was no
significant difference in the food intake of the
untreated-OA group and deer bone extract treated-OA
group (data not shown). Moreover, the administration
of 250–500 mg/kg deer bone extract did not affect the
weights of the internal organs in terms of the liver,
heart, spleen, and kidneys of the OA rats.

IL-1β, IL-6, and TNF-α in serum
Figs. 1 and 2 show the pro-inflammatory cytokine

levels in the serum of OA rats treated with deer bone
extract for 50 days. The IL-1β, IL-6, and TNF-α levels
were 88.0, 183.6, and 16.6 pg/mL, respectively, in the

normal rats. MIA-induced OA significantly increased
the IL-1β, IL-6, and TNF-α levels to 102.7 pg/mL,
210.2 pg/mL, and 22.8 pg/mL, respectively (p < 0.05).
The increase of the levels of pro-inflammatory cyto-
kines was significantly inhibited by the administration
of deer bone extract in a dose-dependent manner
(p < 0.05). In particular, the administration of 500 mg/kg
deer bone extract resulted in the recovery of the levels
of these pro-inflammatory cytokines in OA rats to
normal levels.

Expression of COL2, MMP, and TIMP mRNAs in
articular cartilage
Figs. 3–5 present the expression levels of COL2,

MMPs, and TIMPs mRNAs in the articular cartilage
of OA rats treated with deer bone extract for 50 days.
Compared with the normal group, COL2 expression
was down-regulated significantly in the MIA-induced
OA group (SC: 1.2 vs. NC: 0.1, p < 0.05) (Fig. 3).
The intra-articular injection of MIA resulted in signifi-
cant increases in the expression of MMP-2, -3, -9,
and -13 mRNAs (p < 0.05) (Fig. 3). In addition, the
expression of TIMP-1 and -2 declined significantly
following OA induction (p < 0.05) (Fig. 5). The MIA-
induced decrease in COL2 expression was lessened

Table 2. Body and organ weights of the MIA-induced OA rats treated with deer bone extract for 50 days.

Weight (g)

Groups

SC NC PC LDB HDB

Body 334.1 ± 16.4a 302.5 ± 11.4b 317.3 ± 18.2ab 309.4 ± 32.1ab 320.8 ± 20.1ab

Liver 8.7 ± 0.9NS 7.8 ± 0.5 8.3 ± 0.5 7.7 ± 1.6 8.7 ± 0.6
Heart 1.0 ± 0.1NS 0.9 ± 0.1 0.9 ± 0.1 0.9 ± 0.1 0.9 ± 0.1
Spleen 0.6 ± 0.1NS 0.6 ± 0.1 0.6 ± 0.1 0.6 ± 0.1 0.6 ± 0.1
Kidney 2.1 ± 0.2NS 2.0 ± 0.2 2.0 ± 0.2 1.9 ± 0.3 1.8 ± 0.5

Note: Values are mean ± SD. Differences between groups (10 rats/group) were analyzed using one-way ANOVA by Tukey’s multiple range tests. Means with different
superscript letters are significantly different at p < 0.05. Each group was assigned as follows: SC (PBS injection + non-treatment); NC (MIA injection + non-treatment); PC
(MIA injection + 125 mg/kg glucosamine sulfate + 125 mg/kg chondroitin sulfate); LDB (MIA injection + 250 mg/kg deer bone extract); HDB (MIA injection + 500 mg/kg
deer bone extract). NS; not significant.

Fig. 1. IL-1β (A) and IL-6 (B) levels in serum of the MIA-induced OA rats treated with deer bone extract for 50 days.
Note: Values are mean ± SD. Differences between groups (10 rats/group) were analyzed using one-way ANOVA by Tukey’s multiple range tests.

Means with different superscript letters are significantly different at p < 0.05. Each group was assigned as follows: SC (PBS injection + non-treatment);
NC (MIA injection + non-treatment); PC (MIA injection + 125 mg/kg glucosamine sulfate + 125 mg/kg chondroitin sulfate); LDB (MIA injection +
250 mg/kg deer bone extract); HDB (MIA injection + 500 mg/kg deer bone extract).

Effects of deer bone extract on the osteoarthritic rats 1705



significantly by the administration of deer bone
extract (p < 0.05) and the HDB extract (HDB: 0.8)
was significantly more effective in preserving COL2
expression than the low dosage (LDB: 0.5) or GS +
CS (PC: 0.6) (p < 0.05). Administration of deer bone
extract significantly suppressed the increase in MMP-
2, -171, 3, -9, and -13 mRNA expression induced by
MIA injection in a dose-dependent manner, compared

with administration of the vehicle. In particular, the
administration of 500 mg/kg deer bone extract main-
tained MMP-9 and -13 expression in the OA rats at
normal levels. TIMP-1 and TIMP-2 expression levels
were significantly higher in the cartilage of the deer
bone extract treated-OA group than in the deer bone
extract untreated-OA group. The effects of the deer
bone extract on TIMP-1 and TIMP-2 expression were
also dose-dependent: TIMP-1 (LDB: 1.3 vs. HDB:
1.8, p < 0.05) and TIMP-2 (LDB: 1.0 vs. HDB: 1.7,
p < 0.05).

Discussion

OA is regarded as a non-inflammatory disease, but
some research has demonstrated that inflammation con-
tributed to the integral progression of OA regarding the
development of symptoms.18) Phagocytosis of cartilagi-
nous fragments detached from the synovium could
cause inflammation. The inflamed synovium releases
pro-inflammatory cytokines such as IL-1β, IL-6, and
TNF-α. These pro-inflammatory cytokines bind to
chondrocyte receptors, causing chondrocytes to release
MMPs and inhibit COL2 expression. These responses
enhance cartilage degradation.19,20) Therefore, inhibit-
ing pro-inflammatory cytokines could be an important
approach to managing OA. In this study, the adminis-
tration of deer bone extract effectively inhibited the
progression of OA by suppressing the expression of
pro-inflammatory cytokines in MIA-induced OA rats.
To further evaluate the molecular changes in sub-

chondral bone following MIA injection, the expression
of genes related to the cartilage metabolism was inves-
tigated using qPCR. MIA-induced OA by causing
chondrocyte apoptosis and disturbing cartilage and
subchondral bone metabolism.21) In addition, the
MIA-induced imbalance between anabolism and catab-
olism leads to cartilage degeneration. OA chondrocytes
reduce their expression of COL2 and up-regulate the
expression of matrix-degradation proteases, such as gel-
atinase (MMP-2 and -9), stromelysin (MMP-3), and
collagenase (MMP-13).22) The activity of the MMPs is
controlled by TIMPs. Therefore, disturbances in the
regulation of MMPs and TIMPs cause the loss of carti-
lage.23) In the progression of OA, the expression of cat-
abolic genes such as those encoding MMPs is elevated,
but the expression of anabolic genes such as those
encoding COL2 and TIMPs declines.21,24) 200 The
ability of the combination of GS and CS to inhibit car-
tilage erosion may be attributed to the regulation of
MMPs and TIMPs.25,26) We found that deer bone
extract also induced the up-regulation of COL2 and
TIMP genes and the down-regulation of MMP genes
when it had been administered to OA rats.
Currently, among all of the dietary supplements indi-

cated for OA-associated symptoms, chondroitin sulfate
is most commonly used. Studies have shown that chon-
droitin sulfate induces the production of proteoglycans
and the IL-1β-based reduction of proteoglycan produc-
tion in OA chondrocytes.27,28) Chondroitin sulfate is
reported to provide building blocks for the synthesis of
proteoglycans and increase sulfate incorporation by OA
proteoglycans.29,30) Chondroitin sulfate stimulated the

Fig. 2. TNF-α level in serum of the MIA-induced OA rats treated
with deer bone extract for 50 days.
Note: Values are mean ± SD. Differences between groups (10 rats/

group) were analyzed using one-way ANOVA by Tukey’s multiple
range tests. Means with different superscript letters are significantly
different at p < 0.05. Each group was assigned as follows: SC (PBS
injection + non-treatment); NC (MIA injection + non-treatment); PC
(MIA injection + 125 mg/kg glucosamine sulfate + 125 mg/kg
chondroitin sulfate); LDB (MIA injection + 250 mg/kg deer bone
extract); HDB (MIA injection + 500 mg/kg deer bone extract).

Fig. 3. COL2 mRNA expression in articular cartilage of the
MIA-induced OA rats treated with deer bone extract for 50 days.
Note: Values are mean ± SD. Differences between groups (10 rats/

group) were analyzed using one-way ANOVA by Tukey’s multiple
range tests. Means with different superscript letters are significantly
different at p < 0.05. Each group was assigned as follows: SC (PBS
injection + non-treatment); NC (MIA injection + non-treatment); PC
(MIA injection + 125 mg/kg glucosamine sulfate + 125 mg/kg chon-
droitin sulfate); LDB (MIA injection + 250 mg/kg deer bone extract);
HDB (MIA injection + 500 mg/kg deer bone extract).
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Fig. 4. COL2 mRNA expression in articular cartilage of the MIA-induced OA rats treated with deer bone extract for 50 days.
Note: Values are mean ± SD. Differences between groups (10 rats/group) were analyzed using one-way ANOVA by Tukey’s multiple range tests.

Means with different superscript letters are significantly different at p < 0.05. Each group was assigned as follows: SC (PBS injection + non-treat-
ment); NC (MIA injection + non-treatment); PC (MIA injection + 125 mg/kg glucosamine sulfate + 125 mg/kg chondroitin sulfate); LDB (MIA
injection + 250 mg/kg deer bone extract); HDB (MIA injection + 500 mg/kg deer bone extract).

Fig. 5. TIMPs mRNA expression in articular cartilage of the MIA-induced OA rats treated with deer bone extract for 50 days.
Note: Values are mean ± SD. Differences between groups (10 rats/group) were analyzed using one-way ANOVA by Tukey’s multiple range tests.

Means with different superscript letters are significantly different at p < 0.05. Each group was assigned as follows: SC (PBS injection + non-treat-
ment); NC (MIA injection + non-treatment); PC (MIA injection + 125 mg/kg glucosamine sulfate + 125 mg/kg chondroitin sulfate); LDB (MIA
injection + 250 mg/kg deer bone extract); HDB (MIA injection + 500 mg/kg deer bone extract).

Effects of deer bone extract on the osteoarthritic rats 1707



accumulation of molecules such as COL2 in the ECM,
due in part to the down-regulation of MMPs.28) It,
therefore, was thought that the chondroitin sulfate in
the deer bone extract could account for its beneficial
effects in the treatment of OA.

There is also growing interest in collagen
hydrolysate as a nutraceutical supplement because
collagen-derived peptides possess a variety of inter-
esting biological properties. First, collagen hydroly-
sate has been shown to stimulate chondrocytes to
produce COL2.31) Second, collagen hydrolysate has
been shown to be deposited into the articular carti-
lage.32) In addition, collagen hydrolysate led to the
presence of various di- and tripeptides, including pro-
line-hydroxyproline (Pro-Hyp) dipeptide as the major
form.33) Pro-Hyp dipeptides inhibit the loss of chon-
drocytes and thinning of the articular cartilage caused
by phosphorus treatment suggesting that collagen
hydrolysate-derived Pro-Hyp may promote chondro-
cyte differentiation, resulting in cartilage protection
under stressful conditions.34) These results raise the
intriguing possibility that collagen hydrolysate, which
is contained in the deer bone extract, may repair or
regenerate deteriorating cartilage.

It was reported that the disease-modifying effect—
the ability to retard the progression of cartilage degen-
eration, of the modified components related to OA, was
more efficacious than any component alone.25) Also,
immunosuppressive activity of deer antler extract
in vitro as well as in vivo was well reported.35,36)

Therefore, although the chondroitin sulfate and colla-
gen hydrolysate in the deer bone extract are the major
active components in OA treatment, it is believed that
the various other OA-related components and modified
application of deer components might be beneficial in
the OA. One possible modified application can be
found in the report from elsewhere that deer aqua-
acupuncture has protective effect on arthritis.37)

In conclusion, we found that treatment of OA with
the deer bone extract induced the up-regulation of
COL2 and TIMPs and the down-regulation of MMPs
by suppressing pro-inflammatory cytokines. The deer
bone extract exhibited recovery effects similar to those
of a positive supplement (i.e. the GS and CS combina-
tion) for all of the parameters evaluated in the
MIA-induced OA rats. Therefore, our results suggest
that the deer bone extract could be a potent neutral
nutraceutical agent for OA treatment.
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