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plants may play an antioxidative role in the prevention
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protection from lipid peroxidative damage in vitro and
in vivo'?. Therefore, much attention has been focused on
natural antioxidants**. In particular, it was reported that
the extract of Bombusae concretio Salicea (BCS) is
specifically effective for cerebrovascular lesion and
aphasia during the treatment of Wind-heat syndrome
and heat-phlegm in Oriental medicine’. In recent study,
the pharmacological mechanism for BCS was attributed

to antioxidative activities in experimental in vitro and in



vivo systems®’, although little is yet known about the
pharmacological effects or active ingredients.

It was demonstrated that one such as cytokine,
interleukin-1 (IL-1), can modulate several aspects of the
activity of various bone cell types. IL-1 is a potent
stimulator of bone resorption in vitro®, an action
apparently partially mediated via the stimulation of
osteoclast cell formation indicating the modulation of
osteoblast cell activity by IL-1°. Previous studies have
demonstrated that interleukin-18 (IL-18) regulate
several aspects of the functional activity of human
osteoblast-like cells in vitro'®!. It is also a potent
inducer of prostanoids'>’. Both prostaglandin-
dependent and prostaglandin-independent effects on
bone metabolism have been reported. For example,
injection of IL-1 above the calvariae of mice caused a
short-term prostagladin-independent stimulation of
bone resorption followed by a prolonged increase in
resorption, which was prostaglanding-dependent',
Osteocalcin and alkaline phosphatase, as phenotype
markers of the osteoblast cells®, are inducible factors of
vitamine D. Elevated production of IL-183 has been
implicated in the pathogenesis of osteoporosis and with
humoral hypercalcemia associated with some
calcinomas.

In this study, we have examined whether these effects
are exhibited by IL-18 on mouse calvarial osteoblast
cells derived from fetal mouse. IL-18 suppressed the
osteocalcin and alkaline phosphatase, as phenotype
markers of the osteoblast cells, in association with the
stimulation of cell proliferation and the effects of these
phenotype markers were strongly antagonized by IL-153
in a dose-dependent manner. Also, the medicinal
extracts of BCS was tested for the inhibitory effects
against TL-18-induced PGE: production and IL-183-
stimulated bone resorption in the mouse calvarial bone
cells having both of the osteoblast and osteoclast cells.

The inhibitory effect of BCS extracts was highly similar
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to that of calcitonin treatment, indicating these two
subjects play some key roles in inhibition of the

osteoclast-mediated bone resorption.
. #4%t & Fi&

1. Bombusae concretio Salicea and the extraction

Bombusae concretio Salicea (OHC-B-3 in harbarium
record) (300 g) was obtained from Oriental Medical
Hospital, College of Oriental Medicine, Dongguk
University and extracted with 500 ml of boiling water
for 3 hr. After the extract was centrifuged at 7500 rpm
for 30 min, the supernatant was lyophilized. For direct
use, the extract solution was stored at 4C in aliquots.
Depending upon the experimental group, BCS was
added (at 2% volume in culture medium) to or omitted
from flasks. After 16~ 18 hr, cells were washed twice
with warm phosphate-buffered saline (PBS) and serum-
free medium added to the flask.

2. Materials and Mouse bone cell culture

Explants of mouse calvarial bone were cultured as
described’. The cells obtained have been routinely
characterized and shown to express an osteoblast-like
phenotype in culture. Recombinant pure human IL-13
(specific activity 5 x 10° U/mg) was a our deposti.
Salmon calcitonin was obtained from Armour
Pharmaceutical Co. (IL, USA). )

Dulbecco' s modified Eagle' s medium (DMEM),
bovine serum albumin and other chemicals were
obtained from Sigma Chemical Company (St. Louis,
MO, USA). PGE: antibody was purchased from

Immunoassay Co. (Tokyo, Japan).

3. Osteocalcin assay
Osteocalcin released into the culture media, over a
72hr incubation period was measured using a specific

radioimmunoassay with an antibody raised in rabbits
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against purified bovine osteocalcin. Results are

expressed as ng osteocalcin per g cell protein.

4, Alkaline phosphatase assay

Alkaline phosphatase activity in the solubilized cell
layer was measured by monitoring the release of p-
nitrophenol from disodium p-nitrophenyl phosphate.
The assay buffer consisted of 0.1 M diethanolamine,
supplemented with 0.5 M magnesium chloride (pH
10.5). Results are expressed as pmoles per pg cell

protein per hr.

5. Prostaglandin assay

Prostaglandin E: (PGE:) released into the culture
medium over a 72hr incubation period was measured by
radioimmunoassay using an antiserum with specificity
towards PGE: (Immunoassay, Co., Tokyo Japan) as
descrived by Ruch ef al'. Results are expressed as ng

PGE-: per pg cell protein.

6. Effects of BCS-treatment on IL-15-induced
PGE--production, osteocalcin production, alkaline
phosphatase activity and bone resorption in
calvarial bone cells.

Two different assays were carried out to assess the
activities of BCS extracts (each u#g/ml) on IL-18-
induced PGE:-production, osteocalcin production,
alkaline phosphatase activity and bone resorption in the
cells, as follows ;

1) Experiment-1 (post treatment) : The mouse
calvarial bone cells were treated with IL-13 to induce
PGE:-production, osteocalcin production, alkaline
phosphatase activity and bone resorption for 24 hr, and
the treated cells were further treated with BCS (50 ¢
g/ml) with time courses of 1 and 16 hr, and each activity
was assayed.

2) Experiment-2 (pretreatment) : The mouse calvarial
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bone cells were initially treated with BCS (50 pg/ml) for
1 hr and further treated with IL-18 to induce for 46 and
56 hr. Finally, each activity was assayed.

7. Bone resorption assay

The fetal mouse long bone organ tissue culture
system was based on that described by Raisz". Fetal
bones were labeled with #Ca by injecting the mother
with 200 #2Ci “Ca (NEN, Boston, MA) on the
eighteenth day of gestation. Radii and ulnae bone shafts
were obtained from 19 day fetuses by microdissection.
The shafts were cut just beyond the calcified zone and
therefore contained short lengths of cartilage at the
ends. Bones were cultured on sunk Millipore filter dots
in 24-well Limbro plates. The shafts were first cultured
in 0.5 ml BGJ, medium(Gibco Laboratories, Grans
Islan, NY) containing 1.0 ml/ml bovine serum albumin,
100 units/ml penicillin G, and 1 #g/ml polymyxin B for
1 day to reduce exchangeable “Ca. One bone from a
fair (right and left radii or right and left ulnae from a
single fetus) was then transferred into medium
containing agonist(s) (treatment) and the contralateral
bone was placed into identical medium without
agonist(s) (control). A typical test group consisted of 5
pairs of bones. Bones were cultured for 5 days in a 95%
air / 5% CO2 incubator at 37°C and 95% humidity with
one change of media after 2 days. The percentage of
“Ca released from a bone into the medium during the 5-
day culture was determiend by measuring the
radioactivity in mediuml, medium 2, and the
trichloroacetic acid solubilized bone using a liquid
scintillation counter. Stimulated resorption was
expressed as the paired difference bwtween treatment
and control bone percent *Ca released from during the
5-day culture. Dead bone “Ca release in this system was
apprximately 10%. BGJs control “Ca release was 16-
20% and maximum IL-1b “Ca release was 60-80%.

Since “stimulated” release is expressed as the mean
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Fig. 1. The Effects of IL-18 on the Prodcution of PGE2 by
Mouse Bone Cells Including Osteoblasts and
Osteoclast Cells, and Inhibitory Effect of
Pretreatment of BCS Extracts on IL-15-induced PGE:
Production. After 1 hr of BCS treatment, IL-13 (2.0
ng/mly was added and PGE. production was
observed after 46 and 56 hr. PGE: released into the
culture media was measured as described in
Materials and Methods. Values represent mean +
S.E (n=3). * p<0.05 compared with 46 hr-treated

group ; # p<0.05 compared with IL-18 (2 ng/mi)-
treated group.

difference betwaeen paired BGJ» control bones (C%)
and treated bones (T%), the T%-C% for an inactive
treatment is zero, and a maximum IL-1b response is
approximately 40-60%. Each bone was labeled with
approximately 20,000 CPM “Ca.

8. Statistics

Standard procedures were use to calculate means and
standard error. Values were compared using student s t-
test with on SigmaPlot for Windows program (Version
3.02, Jandel Corporation). P<0.05 was considered

significant.
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Fig. 2. The Effects of IL-18 on the Prodcution of PGE2 by
Mouse Bone Cells including Osteoblasts and
Osteoclast Cells and Inhibitory Effect of
Posttreamnet of BCS Extracts on IL-18-induced
PGE: Production.PGE: released into the culture
media was measured as described in Materials and
Methods. After 56 hr of IL-18 (2.0 ng/ml) treatment,
BCS was further treated to that, and then PGE:
production was observed after 1 and 16hr. Values
represent mean + S.E (n=3). * p<0.05 compared
with 1 hr-treated group ; # p<0.05 compared with IL-1
£ (2 ng/ml)-treated group.

IL-1$-induced PGE: production in the mouse
osteoblasts

IL-13 stimulated the production of PGE: in a dose-
dependent manner over the concentration range of 0.01
ng - 5 ng/ml with a maximal effect being observed at 2
ng/ml (Fig. 1). The stimulation of cell proliferation was
most pronounced at 2.0 ng/ml, while concentrations
below 1.0 ng/ml exhibited no detectable activity on the
synthesis of PGE:. To examine the inhinitory effect of
BCS, the medicinal extracts of BCS was tested for
whether they could inhibit IL-18-induced PGE:
production (Fig. 1). Cell viability was not significantly
affected by treatment with the indicated concentration
of the extracts alone (data not shown). The medicinal
extracts were shown to have the inhibitory effects
against the synthesis of PGE:. This result indicates that
the BCS extracts could inhibit the cyclooxygenase-2
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Fig. 3. Effect of IL-18 on Alkaline Phosphatase Activity in -
the Mouse Osteoblast Cells and BCS Pretreatment.-
The alkaline phosphatase activity of the solubilized
cell layer of the mouse osteoblast cells was
measured as described in Materials and Methods.
Values represent mean + S.E (n=3).

activity or gene expression of cyclooxygenase-2, which
is a mediator of the synthesis of PGE: from arachidonic
acid. However, their effects were not stringent to protect
the synthesis of PGE:. The PGE:-induction agents has
been known to increase the susceptibility of the
calvarial cells against bone resorption, although there
are some controversies. Thus, we examined the effect of
the pretreatment and posttreatment with a
concentrations of the BCS extracts (50 ug/ml) then the
PGEz-induction agent was added. Pretreatment of the
BCS extracts for 1 hr, which by itself had little effect on
cell survival, did not enhance the synthesis of PGE-, nor
significantly reduced the synthesis of PGE: by
pretreatment. Treatment group for 56 hr after
preteatment of BCS (50 #g/ml) showed much higher
inhibitory effects (Fig. 1).

Also, after 56 hr of IL-15 (2.0 ng/ml) treatment, BCS
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Fig. 4. Effect of IL-18 on Aalkaline Phosphatase Activity in
the Mouse Osteoblast Cells and BCS Posttreatment.
The alkaline phosphatase activity of the solubilized
cell layer of the mouse osteoblast cells was
measured as described in Materials and Methods.
Values represent mean + S.E (n=3). * p<0.05
compared with 1 hr-treated group.

was further treated to that, and then PGE: production
was observed after 1 and 16 hr to examine the effect of
BCS posttreatment. The effects of posttreatment was
lower than that of pretreatment (Fig. 2).

2. Inhibitory effect of BCS extracts (50 pg/ml) on
IL-13-alkaline phospahatse activity and osteocalcin
production stimulated by vitamin D in the mouse
calvarial bone cells

To examine the effects of IL-18 on alkaline
phosphatase activity in the mouse calvarial bone cells, it
is important to know the cell differentiation. When
various concentrations IL-13 were treated to the cells
and then alkaline phosphatase activities were assayed,
the basal alkaline phosphatase activity of the mouse
osteoblast cells was decreased by IL-18 over the dose
range of 0.01 - 5.0 ng/ml (Fig. 3).

Next, the effect of the pretreatment and posttreatment
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Fig. 5. Effect of IL-18 on Osteocaicin Production Stimulated
by Vitamin D in the Mouse Osteoblast Ccells, and
Eeffect of BCS Pretreatment on IL-18-Aantagonized
Osteocalcin Production in Osteoblast Cells
Stimulated by Vitamin D. Vitamin D (5 xg/ml) was
treated to cells and a series of concentration of IL-15
was added to the vitamin D-treated cells. The
osteocalcin production of the solubilized celf layer of
the mouse osteoblast cells was measured as
described in Materials and Methods. Values
represent mean + S.E (n=3). * p<0.05 compared
with 46 hr-treated group ; # p<0.05 compared with IL-
18 (2 ng/mi)-treated group.

with BCS extracts (50 ug/ml) was examined after the
addition of TL-18. Treatment group for 46 hr after
pretreatment of BCS extracts did not show any change
of alkaline phosphatase activity, while treatment group
for 56 hr after pretreatment of BCS (50 pg/ml) extract
showed much higher inhibitory effects (Fig. 3). Also,
after IL-18 (2.0 ng/ml) treatment, BCS was further
treated to that, and then alkaline phosphatase activity
was observed to examine the effect of BCS
postireatment. The effects of posttreatment was lower
than that of pretreatment without significance (Fig. 4).
When the production of osteocalcin by osteoblast
cells were assayed after stimulation by vitamin D,

osteocalcin production was significantly antagonized by
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Fig. 6. Effect of IL-18 on Osteocalcin Production Stimulated
by Vitamin D in the Mouse Osteoblast Cells and
Effect of BCS Posttreatment on IL-15-Antagonized
Osteocalcin Production in Osteoblast Ccells
Stimulated by Vitamin D. Vitamin D (5 x#g/ml) was
treated to cells and a series of concentration of IL-15
was added to the vitamin D-treated cells. The
osteocalcin production of the solubilized cell layer of
the mouse osteoblast cells was measured as
described in Materials and Methods. Values
represent mean + S.E (n=3). * p<0.05 compared
with 1 hr-treated group ; # p<0.05 compared with IL-1
B (2 ng/mi)-treated group.

IL-18 in range of 0.01 - 5.0 ng/ml (Fig. 5). However,
pretreatment group of BCS extracts (50 #g/ml) for both
46 and 56 hr elevated the osteocalcin production (Fig.
5). Also, after [L-18 (2.0 ng/ml) treatment, BCS was
further treated to that, and then osteocalcin production
was observed to examine the effect of BCS
posttreatment. The effects of posttreatment was lower
than that of pretreatment with significant difference
(Fig. 6).

3. Stimulation of 1L-1 on bone resorption and
inhibition of IL-1p-stimulated bone resorption by
calcitonin and BCS extracts in the mouse calvarial
bone cells
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Table 1. Inhibition of IL-18-Mediated Bone Resorption by Calcitonin and BCS Treatment.

Addition to Bone resorbing activity*

bone culture (Calcium release (T% - C%)
None 89+14
Calcitonin (0.5 U/ml) 44+07
Calcitonin (0.5 U/ml) + BCS 29+04
IL-18 (100 ng/ml) 13.6+£0.6
Calcitonin + IL-13 T4+0.6
Calcitonin + IL-18 + BCS 51+1.27
Devitalized bone 2.1+£012

Bone resorption was measured as percent release of “Ca during 5 days of culture. Each point is the mean paired difference 4= S.E. for 5

treatment-control bone pairs.

“‘Data shown are means + S.E for quadruplicate determinations.
Bone were devitalized by three cyclyes of freeze-thawing.

* Significantly different from bone treated with IL-18. *p<0.05. **p<0.01.
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Fig. 7. Inhibitory Effect of Pretreatment of BCS Extracts on
IL-18-Induced Bone Resorption in Mouse Calvarial
Cells. Bone resorption was measured as percent
release of “Ca during 5 days of mouse calvarial
bone cell culture. Each point is the mean paired
difference + S.E. for 5 treatment-control bone pairs.
# p<0.05 compared with IL-18 (2 ng/ml)-treated
group.

Treatment of IL-183 resulted in stimulating of bone
resorption. As shown in Fig. 7, IL-18 is a potent in
stimulating bone resorption as measured by means of
calcium release when each is normalized to nano gram
of amounts. Interestingly, BCS extracts were shown to
have the inhibiting effects against IL-14-stimulated

bone resorption in cells having both of the osteoblast
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Fig. 8. Inhibitory Effect of Posttreatment of BCS Extracts on
IL-18-Induced Bone Resorption in Mouse Calvarial
Cells. Bone resorption was measured as percent
release of “*Ca during 5 days of mouse calvarial
bone cell culture. Each point is the mean paired
difference + S.E. for 5 treatment-control bone pairs.
* p<0.05 compared with 1 hr-treated group ; # p<0.05
compared with IL-18 (2 ng/ml)-treated group.

and osteoclast cells. When various concentrations of
BCS extracts were pretreated and then the agents was
treated, pretreatment of the BCS extracts did not
enhance the bone resorption, nor significantly reduced
the bone resorption by pretreatment (Fig. 7), while its
posttreatment of BCS was lower than that of

pretreatment (Fig. 8). The bone resorption induced by



IL-15 appears to be osteoclast-mediaed, since it was
largely inhibited by calcitonin treatment, as shown in
Table 1. These results are similar to the results from
calcitonin treatment (Table 1) and the BCS extracts play
key role in inhibition of the osteoclast-mediated bone

resorption induced by TL-18.

IV. &3

It was known that TL-15 is reactive to progressive
degradation of bone by activating osteoblast cells and
by causing the progeniror cells to mature cells'. IL-18
stimulated the plasminogen activator activity of the
mouse osteblast cells in a dose-dependent manner. The
stimulation of plasminogen activator activity by IL-18
has been observed in several connective tissue cell
types, indicating human osteoblast-like cells’. TL-18 is a
potent stimulator of bone resorption both in vifro' and
in vivo through an action which may be mediated
primarily via the osteoblast®. The observation that TL-1
8 stimulates the plasminogen activator activity of the
mouse osteoblast cells may indicate a potential
mechanism for the osteoblast-mediation of bone
recorption.

The stimulation of prostaglandin E: production by II-
18 allows bone breakdown by bone resorption and by
stimulating the plasminogen activator activity of
osteoblast-cell like cells’. The synthesis of prostaglandin
E: production by IL-18 and resulting stimulation of
bone resorption can occur partially via prostaglandin Es-
dependent mechanism. Elevated production of TL-13
has been implicated in the pathogenesis of osteoporosis
and with humoral hypercalcemia associated with
squamous cell carcinomas. Osteocalcin and alkaline
phosphatase are widely accepted phenotype markers of
the osteoblast cells’ and the induction of these two
factors in response to vitamine D was strongly

antagonized by IL-18.

When the medicinal extracts of BCS was tested for
whether they could inhibit 1L-18-induced PGE:
production, cell viability was not significantly affected
by treatment with the indicated concentration and the
BCS extracts were shown to have the inhibitory effects
against the synthesis of PGE:, indicating that the BCS
extracts could inhibit the cyclooxygenase-2 activity or
gene expression of cyclooxygenase-2, which is a
mediator of the synthesis of PGE: from arachidonic
acid. Pretreatment of the BCS extracts for 1 hr, which
by itself had little effect on cell survival, did not
enhance the synthesis of PGE., nor significantly
reduced the synthesis of PGE: by pretreatment.
Treatment group for 46 hr after pretreatment of BCS
extracts did not show any change of alkaline
phosphatase activity, while treatment group for 56 hr
after pretreatment of BCS (50 ug/ml) extract showed
much higher inhibitory effects. However, the effect of
posttreatment was lower than that of pretreatment
without significance. Pretreatment of BCS extracts (50
pg/mi) for 1 hr elevated the osteocalcin production.

Cell viability was not significantly affected by
treatment with the indicated concentration of the
extracts. Also, the BCS extracts were shown to have the
protective effects against plasminogen dependent
fibrinolysis induced by IL-15. BCS extracts showed the
inhibiting effects against 1L-18-stimulated bone
resorption. When the effect of the pretreatment with the
BCS extracts was assayed, the extracts strongly reduced
the bone resorption. The absolutely same result was also
observed in case of calcitonin treatment. Thus, these
results suggested that the BCS extracts inhibit the bone
resorption and osteoporosis by inhibiting the osteoclast-
mediated bone resorption reaction, which is usually
induced by TL-15.
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Bombusae concretio Salicea (BCS) is a medicinal
plant used in Korea for the treatment of various
symptoms accompanying hypertension and
cerebrovascular disorders. We studied the protective
effect of the BCS extracts on the bone resorption of the
mouse calvarial bone cells. Interleukin-158 (IL-15)
regulates the osteoblast cells derived from mouse
calvarial bone explants in vitro. When the medicinal
extracts of BCS was tested for whether they could
inhibit IL-18-induced PGE: production. Cell viability
was not significantly affected by treatment with the
indicated concentration of the extracts. The BCS
extracts were shown to have the inhibitory effects
against the synthesis of PGE.. The effect of the
pretreatment with the BCS extracts and then treated the
PGE:-induction agents, pretreatment of the BCS
extracts for 1 hr, which by itself had little effect on cell
survival, did not enhance the synthesis of PGE-.
Pretreatment of the BCS (50 pg/ml) extracts for 1 hr did
not show any change of alkaline phosphatase activity,
while treatment group for 56 hr after BCS pretreatment
showed much higher inhibitory effects. However, the
effect of posttreatment was lower than that of
pretreatment. Pretreatment of BCS extracts (50 pg/ml)
for 1 hr elevated the osteocalcin production. Finally,
calcitonin showed the inhibitory activity the IL-18-
stimulated bone resorption in the mouse calvarial bone
cells having both of the osteoblast and osteoclast cells.
Seemingly, pretreatment of the BCS extracts for 1 hr
reduced the bone resorption. These results clearly
indicated that calcitonin and BCS extracts play key
roles in inhibition of the osteoclast-mediated bone

resorption.
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