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—{ Abstract )

Objectives : Deer antler Water Extract(DAE), prepared from the pilose antler of Cervus korean
TEMMINCK var. mantchuricus Swinhoe (Nokyong), a traditional immuno-suppressive and immuno-
activating Korean herbal-acupuncture, is thought to play an important role in human bone remodeling.

Methods @ To determine whether DAE can induce the differentiation of resting zone
chondrocytes(RC) or not, confluent cell cultures were pretreated for 24, 36, 48, 72, and 120hrs with DAE.
At the end of pretreatment, the media were replaced with new media containing 10°~10"*M
1,25-(OH)2Ds and the cells incubated for an additional 24hrs.

Results : This second treatment was chosen because prior studies had shown that only the more
mature growth zone chondrocytes(GC) respond to this vitamin Ds metabolite. The effect of DAE
pretreatment on cell maturation was confirmed by measuring alkaline phosphatase (ALPase)-specific
activity. Changes in matrix protein synthesis were examined by measuring collagen synthesis, as well as
%50, incorporation into proteoglycans. When RC cells were pretreated for 120h with DAE, treatment
with 1,25-(OH):Ds caused a dose-dependent increase in ALPase-specific activity and collagen synthesis,
however, the proteoglycan production was not affected. RC cells pretreated with 1,25-(OH):Ds responded
like RC cells that had not received any pretreatment.

Conclusion ' These results indicate that DAE directly regulates the maturation of RC chondrocytes
into GC chondrocytes. Therefore it was indicated that DAE may play a significant role in regulating
chondrocyte maturation during endochondral ossification.
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I. Introduction

The structural integrity of the constituent
cartilage and bone components, which is dependent
upon an equilibrium between the processes of
tissue synthesis and degradation during cartilage
and bone remodelling, directs the normal joint
function. Proteolytic enzymes are known to be
involved in the catabolic aspect of normal tissue
1_2), and the altered activity of these
enzymes is responsible for cartilage destruction

remodelling

and bone erosion associated with rheumatoid
arthritis(RA). It is a systemic inflammatory disorder
characterised by inflammatory cell infiltration of
proliferated synovial linings, and subsequent tissue
erosion. Although increased protease activity has
been implicated in the pathogenesis of RA,
differences in mechanism associated with these
disorders remains not to be elucidated.

During endochondral bone formation, chondrocyte
terminal differentiation is accompanied by an
accumulation of calcium and phosphate ions. Prior
to deposition of apatite in the extracelllar matrix,
there was a marked accumulation of phosphate
ions”. Na-Pi transporters are expressed in
chondrocytes4). At the mineralization front, cell
death is linked directly to the elevation in
environmental anion  concentration and the
concomitant rise in intracellular Pi levels.

The endochondral bone formation consists of a
developmental cascade of chondrocyte differentiation
that culminates in extracellular matrix mineralization
before osteogenesis can occur. The process is
required for normal growth and development of
long bones and for certain kinds of bone repair.
During the chondrogenic phase of the process,
chondrocytes are responsible for the synthesis,
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maintenance, and maturation of a calcifiable
extracellular matrix that is composed mainly of
proteoglycan and collagen®.

In the Liver, Vit. Ds is converted into activity
form by specific enzyme and then into 25-
OH-Ds. This goes to the Kidney by specific
transport protein through the blood and there, it is
converted into 125-(OH):Ds by hydroxy reaction
with another enzyme. 1,25-(OH)D; facilitates
absorption of Calcium and Phosphate and if in the
blood concentration of Calcium and Phosphate
increase, it will make skeletal normal calcification
by linking Calcium and Phosphate and then
depositing in the bone.

In vivo, resting zone chondrocytes enter a
proliferative phase and undergo a period of
maturation defined histologically. However, little is
known about the mechanisms involved in the
transition from a resting zone chondrocyte phenotype
to a growth zone phenotype. Recently, it was
found that 24,25-(OH):Ds causes resting zone cells
to acquire responsiveness to 125-(OH):Ds a
phenotype characteristic of growth zone chondrocytesG).

In this culture model, 125-(OH):Ds inhibits
[*H]-thymidine incorporation by both cell types,
but its effects on alkaline phosphatase(ALPase),
collagen, and proteoglycan are cell-maturation-
dependent. Growth zone cells exhibit increased
alkaline phosphatase and proteoglycan sulfation,
but 1,25-(OH):Ds has no effect on resting zone
cells. In contrast, 1,25-(OH):Ds; inhibits collagen
production by resting zone chondrocytes.

Deer antler Water Extract(DAE), prepared from
the pilose antler of Cervus korean TEMMINCK
var. mantchuricus Swinhoe (Nokyong), a traditional
immunosuppressive and immuno-activating Korean
aqua—acupuncture, is a traditional Korean herb
grown in south of Korea. DAE has been widely
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used in the treatment of some immune-related
diseases, especially rheumatoid arthritis (RA) and
satisfactory results are obtained . The deer
antler has long been recognized as one of the
most effective and powerful invigorants, as well
as an enhancer of systemic resistance to
infectious diseases. However, little is still known
about the mode of action of this herbal medication
on RA. Previously, it was confirmed that DAE
protected chondrocytes from death at dose of 20
ug/kg concentration™”,

It was suggested that DAE might also play a
role in inducing resting zone cells to progress
down the endochondral pathway and acquire a
growth zone-like phenotype. To confirm this, it
was investigated whether resting zone cells
acquired responsiveness to 1,25-(OH)Ds following
exposure to DAE.

. Materials and methods

1. Materials

A water extract of Deer antler were purchased
from Kyungju Oriental Medical Hospital, Dongguk
University, Kyungju city, Kyungpook, Korea as an
ip injection grade for human. For ip. injection
into rats, randomly selected tablets were ground
and suspended in normal saline at a concentration
of 50ug/10.4.

2. Methods

1) Chondrocyte cultures

Chondrocytes for this study were isolated from
the resting zone and growth zone of the
costochondral cartilage of 125g Sprague Dawley
rats, as previously descn'bedm), and cultured in
Dulbecco’s modified Eagle medium (DMEM) containing
10% fetal bovine serum (FBS), 50 ug/m vitamin C,
and 196 penicillin—streptomycin-amphotericin B in an

atmosphere of 5% CO; and 100% humidity at
37°C. Fourth passage cells were used for the
experiments because previous studies have
demonstrated that these cells retain their
differential phenotype, including response to the
vitamin D metabolites at this passagels). At
confluence, media were ;eplaced with fresh media
containing vehicle alone or DAE in phosphate-
buffered saline (PBS). At appropriate time points,
these media were replaced with fresh media
containing vehicle alone or 10°~10"M 125~
(OH):Ds,

2) Experimental design

Preliminary experiments were performed to
determine the optimal dose and time of DAE
addition on alkaline phosphatase activity in resting
zone chondrocytes. Confluent fourth passage
resting zone chondrocytes were treated for 1, 2, 4,
6, 8, or 10 days with control medium or medium
containing 0, 5 or 10gt/mé DAE and then
assayed for alkaline phosphatase (ALPase) specific
activity. To verify that 125-(OH)Ds did not
affect the response of resting zone cells to DAE,
resting zone chondrocyte cultures were treated for
24 h with DAE at concentrations of 0.1, 0.5, 1.0,
20, and 5.0u4/mé in the presence of either 107 or
10%M 125-(OH):Ds prior to analysis of ALPase-
specific activity. ~

For subsequent experiments, 2 and 5ub/ml
DAE were used and cultures were pretreated for
24, 48, 72, and 120hrs. For those cells pretreated
for 120hrs, fresh media containing the appropriate
concentration of DAE were added at 72hrs. At the
end of the pretreatment period, the media were
again replaced with medium containing 1,25-(OH)2Ds
at a concentration of 10°~10*M or vehicle alone
and grown for an additional 24hrs. At that time,
the cells were harvested and assayed as described
in what follows.

3) AlPase-specific activity
Specific activity of ALPase (orthophosphoric
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monoester phosphohydrolase alkaline [EC 3.1.3.1])
in Triton X-100 lysates of fourth passage resting
zone chondrocytesm was measured as a function
of  para-nitrophenol release from  para-
nitrophenylphosphate, pH 102, as previously
described™?.

4) Collagen and noncollagen protein
synthesis

Incorporation of L-["H]-proline (New England
Nuclear, Boston, MA} into collagenase-digestible
protein (CDP) and collagenase-nondigestible protein
(NCP) in the cell layer was used to estimate
matrix protein synthesis by resting zone cells as
previously described”.  Percent collagen synthesis
was calculated after multiplying the labeled proline
in NCP by 54 to correct for its relative abundance
in collagenl4). This assay did not take into
account any degradation that may have occurred.

5) [®S]-sulfate incorporation

Proteoglycan . synthesis was assessed by
measuring [®S]-sulfate incorporation in the cell
layer according to the method of O'Keefe et al.lS), as
described by us previously.

6) Statistical analysis

The data presented in the figures are from one
experiment that was repeated three or more times
with comparable results. For any given experiment,
each data point represents the mean + SEM for
six individual cultures. The data were analyzed by
analysis of variance, and statistical significance
determined by comparing each data point to the
control (containing ethanol vehicle) using Bonferroni’s
modification of the f-test.

II. Results

1. ALLPase-specific activity
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Optimal stimulation of alkaline phosphatase was
seen in resting zone chondrocytes treated with 2
w/mt  DAE. The effect of DAE was biphasic,
both in terms of dose response and time course.
Al Pase-specific activity of cultures treated with
10x/mt  DAE was significantly elevated by 24hrs
and remained at increased levels throughout the
time course of the experiment, with comparable
levels seen at 1, 2, 4, and 6 days of treatment. At
8 and 10days, 2ut/m¢ DAE still stimulated ALPase
activity above control levels, however, there was
a noticeable decrease in activity on those days.
Addition of 5u8/mé DAE only stimulated AlPase
activity when included in the culture medium for
2days, with no stimulatory effect seen at 1, 4, 6,
8, or 10 days. Addition of 10x4/m¢ DAE had no
effect on cell layer ALPase activity. Expansion of
the dose response from 05 to 10w/mé DAE
confirmed that maximal stimulation of ALPase
took place at 05 to 2ué/ml. (Fig.l)

2. Hfect of DAE prefreatmment on AlPase-
specific activity of resting zone chondrocytes

treated with 1,25-(OH).Ds

DAE induced the resting zone cells to become
responsive to 1,25-(0H):Ds, but the effect was
dependent on DAE concentration and the time of

8
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Fig. 1. Effect of DAE on AlLPase-specific activity
of the cell layer of resting zone chondrocytes
Cultures were treated for 1~10 days with 0, 1, 2, or
5ut/mé  of DAE, the cell layers isolated, and then
assayed for ALPase-specific activity  Each data
point is the mean + SEM of six cultures.
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Fig. 2. Effect of DAE pretreatment on ALPase-specific activity of resting zone chondrocytes subsequently

treated with 1,25—~(OH)zDs

Cultures were pretreated with DAE (2 or Sp/ml ) for 24hrs(Fig.2A) or bdays (Fig.2B) and then treated with
10%°~10°M 1,25-(OH):Ds for an additional 24hrs. At harvest, cell layer APLase-specific activity was measured
as described in Materials and Methods. The data are from one of three replicate experiments yielding similar
results. Each data point is the mean + SEM for six cultures.

*: p<0.0B, treatment vs. control; # p<0.05, vs. cells pretreated with DAE, but not subsequently treated with

1,25~(OH)zDs.
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Fig. 3. Effect of DAE pretreatment time on
ALPase activity of resting zone chondrocytes
treated with 1,25-(OH)zDs
Cultures were pretreated with 2ul/mé DAE for 24,
48, 72, or 120hrs and then treated with 10° M
1,25-(OH)2D; for an additional 24hrs. At harvest,
ALPase-specific activity in the cell layer was
measured as described in Materials and Methods.
The data are from one of three replicate experiments
vielding similar results. Each data point is the mean
* SEM for six cultures.

* p < 0.0b, treatment vs. control;, # p<0.05, vs. cells
pretreated with DAE, but not treated with
1,25-(OH)aDs.

exposwre. Treatment with DAE for 24 hrs did
sightly increase the responsiveness of the cultures
to either 107, 107, or 10°M 1,25-(OH)Ds, regardiess

of the concentration of- growth factor used. (Fig.
2A) However, after pretreatment for 5 days with
2ut/mé DAE, there was a significant increase in
Al Pase-specific activity in cultures challenged
with 10 or 10°M 1,25-(OH)Ds. (Fig. 2B)

3. Time-dependent effect of DAE
pretreatment on ALPase activity of resting
zone chondrocytes treated with 1,25-(OH)Ds

Whereas stimulation of AlPase by 2ué/mé DAE
was seen at 24, 48 72, and 120 hrs, the increase in
1,25~(OH)oDs responsiveness was only seen following
a 120 h exposure to the growth factor. (Fig.3)

4. Effect of DAE pretreatment on
collagen production by resting zone
chondrocytes treated with 1,25~(OH)2Ds3

Collagen synthesis was inhibited by 10710~
10*M 1,25-(OH);Ds in control cultures, and by
109~10"M 1,25-(OH)2D; in DAE-pretreated cultures
at 24hrs. However, when the cultures were pretreated
with 2u6/m¢ DAE for bdays, there was a
significant increase in collagen synthesis after
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Fig. 4. Effect of DAE pretreatment on collagen production by resting zone chondrocytes freated with

1,25-(OH)zD3

Cultures were pretreated with DAE (2 or 5ul/mé ) for 24hrs(Fig.4A) or 5days (Fig4B) and then treated with
10™°~10"M 1,25-(OH):Ds for an additional 24h. Each data point is the mean + SEM for six cultures.
x p < 0.05, treatment vs. control; # p<0.05, vs. cells pretreated with DAE, but not subsequently treated with

1,25-(OH)2Ds3.
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Fig. 5. Effect of DAE pretreatment time on
collagen production by resting zone chondrocytes
treated with 1,25-(OH)2Ds
Cultures were pretreated with 2u¢/m¢ DAE for 24,
48, 72, or 120hrs and then treated with 10°M
1,25-(OH):D; for an additional 24h. At harvest,
percent collagen production was measured as
described in Materials and Methods. The data are
from one of three replicate experiments yielding
similar results. Each data point is the mean * SEM
for six cultures.

* p < 0.05 treatment vs. control; # p < 005, vs.
cells pretreated with DAE, but not subsequently
treated with 1,25-(0OH)zDs.

challenge with 10° and 10°M 1,25-(OH)Ds. In
contrast, control cultures still exhibited 1,25-(OH)oDs
~dependent inhibition of collagen production. (Fig.4)

5. Time—-dependent effect of DAE
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pretreatment on collagen production by
resting zone chondrocytes treated with
1,25-(OH)2Ds

The time course of the effect of DAE
pretreatment on 1,25-(OH);Ds -stimulated collagen
production showed that responsiveness to
1,25-(OH)aDs was not present at 24 ot 48hrs, but
120hrs.  Proteoglycan
sulfation by resting zone cells was unaffected by
treatment with DAE, or by challenge with
1,25-(OH)Ds, whether or not the cells were
treated with DAE for up to 120hrs. (Fig.)

was present at 72 and

IV. Discussion

The present results showed that DAE can
induce resting cells to acqure a
1,25-(OH):Ds-responsive  phenotype characteristic
of more mature growth zone chondrocytes with a
dose-dependent manner. Although 2u¢/m{ DAE
was effective, higher concentrations of the growth
factor did not elicit this response. This suggests
that resting zone cells are sensitive to a limited

zone
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range of DAE concentrations. The effects of DAE
on the phenotypic shift in maturation state were
time-dependent. Responsiveness to 1,25-(OH)D;
required at least 5 days of exposure to the DAE,
indicating that DAE initiates a cascade of
responses leading to upregulation of receptors to
the vitamin D metabolite.

When cells like chondrocytes or osteoblasts are
isolated from tissue, they retain a memory of their
maturation state in vivo, and the cells continue
their proliferation and differentiation. Thus, in the
absence of DAE, resting zone chondrocytes continue
to express increased AlPase activity as a
function of time. In control cultures at 5 days,
collagen synthesis was still inhibited in control
cultures challenged with 107°~10"M 1,25-(OH):Ds.
However, DAE treatment for 5 days induced
dose-dependent responsiveness to 1,25-(OH)Ds in
the resting zone chondrocyte cultures. These data
are consistent with the resting zone -cultures
acquiring a growth zone-like phenotype, because
1,25-(OH)Ds stimulates collagen synthesis in
growth zone chondrocyte cultures®.  Unlike the
results obtained for collagen synthesis, proteoglycan
production was not affected by DAE pretreatment,
suggesting that this marker of chondrocyte
differentiation may either require additional culture
time with DAE in the acquisition of this phenotypic
marker.

These cells also have been shown to respond
to 1,25-(OH):Ds. However, the molecular mechanism(s)
for these effects is not understood. In future
study, therefore, it will be interesting to examine
whether 1) 1,25-(OH):Ds influences growth factor
and cytokine signaling via the JAK/STAT pathway
in mice bone cells; 2) whether 1,25~(0OH)Ds
prolonged cytokine signaling via the JAK2/STATS
pathway; 3) whether pretreatment of cells with
1,25-(OH)2D; is also necessary in order to detect
the IL-1B and TGF-B-induced transcriptional response
by the activation of the STATS5-responsive
reporter gene; and 4) whether the treatment of
1,25-(OH)»Ds affects on IL-1p and TGF-B
~signaling via the JAK/STAT pathway in mice

bone cells”.

DAE which is pilose antler of deer has been
used invigorate the shen-vang, rveplenish vital
essence and blood and strengthen muscle and
bones in Korean traditional medicine for a long
time. Also DAE has been widely used in the
treatment of osteoporosis and satisfactory results
are obtained.

The bioactivity of the deer antler may act as
1819 Previously, antifungal
activity, and the suppressing activity of the
hyphal transition from yeast in corpus albicans,

an immune enhancer

was found from deer antler extract”. By using
biochemical and chemical methods, we identified
the compound from deer antler extract that is
responsible for the suppression of hyphal transition
as 2-lysophosphatidylcholine (Iyso-PC), and this
suppression may be mediated through the MAP
kinase pathwa )

The mechanism by which the DAE extract
modify the clinical status of RA are not well
understood. DAE administered orally into the
inhibited cytokine
production from both T cells and macrophages

patients proinflammatory
and potent effects on RA?. The degenerative joint
disorder RA is characterised by cartilage destruction
and bone erosion, resulting from mechanical wear
or following joint tissue inflammation, respectively.
The vprecise mechanisms responsible for the
differential pathogenesis of RA remain unknown.
DAE extract might be a useful tool for the
treatment of RA. It would be incredible if the
drugs as powerful as this did not have seriuos
toxicity, but further studies will be necessary to
answer this question. However, biochemical and
metabolic analysis of the constituents of DAE
extract have to be analysed in further delineating
its mechanisms of action in arthritis.

In summary, the study demonstrates that resting
zone chondrocytes in culture can be induced to
differentiate into the more mature phenotype
characteristic of growth zone chondrocytes, showing
that DAE plays a significant role in growth plate
cartilage development. The exact mechanism utilized
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by DAE in this process is not clear, although it is and in vitro. Journal of Medical and
likely to be mediated by its effects upon vitamin Pharmaceutical Society for WAKAN-YAKU
D3 metabolism. Resolution of these issues is 5, 123-128 (1983). -~

presently underway. 8. Wang B-X, Zhao X-H, Qi S-B, Kaneko
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