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tyrosine kinase Sre, cyclooxygenase expression and PGE2 synthesis
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I. Introduction

It is well known that Korean herbal
medicine, Jahage (Hominis Placenta) (HP)
is effective for the treatment of inflammation,
arteriosclerosis, and gynecological diseases
such as osteophoresis and bone resorption
according to the ancient Chinese and
Korean medicinal and herbal literature®.
The HP is also known as an effective
biological response modifier for
augmenting host homeostasis of body
circulation”. The pharmacological action
of HP has been limitedly studied in
regard to gynecological diseases. This
herbal medicine has been shown to

express activities such as

diverse
immunomodulating, anti-infarction, anti
~allergic and anti-inflammatory effects”.
In addition, it has anti-inflammatory
properties. It is used in the treatment
of Yin deficiency of liver and kidney,
hectic fever, night sweat, and dizziness”.
Thus, it still occupies an important
place in traditional Oriental medicine.
Natural products of plant origin are
still a major part of traditional
medicinal  systems in  developing
countries. There is also a resurgence of
interest in herbal medicines in western
countries as an alternative source of
drugs often for intractable diseases such
as rheumatoid arthritis*”. A literature
survey on the fetal human Hominis
Placenta revealed that there is no
scientific evidence of its usefulness in

the treatment of RA and osteoporosis.

The need for safer and effective
anti-inflammatory drug and the lack of
enough scientific data to support the
claims made in ancient literature
prompted the present study.

The cytokine interleukin-18(IL-1B),
interleukin-6(IL-6) and tumor necrosis
factor-a(TNF-a), which are produced
mainly by actibated monocytes or
macrophages, stimulate bone resorption
as well as enhance PGE; production in
several type of cells including calvarial

osteoblasts®®’.

Prostaglandins play an
important role in the inflammatory
processes including periodontitis,
osteoporosis and RA. The production of
prostaglandins is regulated by the
rate-limiting  enzymes  phospholipase
Ax(PLAs) and cyclooxygenase(COX).
The PLA»

liberation of arachidonic acid(AA) from

enzymes catalyzes the
membrane phospholipids whereas the
enzyme COX mediates conversion of
AA to prostaglandins’. The enzyme
COX exists at least in two isoforms,
the constitutive COX and the inducible
Ccox-2 *".

Osteoporosis is a disease characterized
by low bone mass and microarchitectural
deterioration of bone tissue leading to
enhanced bone fragility, and a
consequent increase in fracture risk. The
low bone mass results from an
imbalance between bone formation and
bone resorption, coupled processes that
skeletal
conditions that lead to osteoporosis

maintain integrity. Most
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(estrogen deficiency in postmenopausal
women, hyperparathyroidism, hyperthyroidism,
and  corticosteroid = treatment)  are
associated - with increased bone
resorption, which is determined by the
number and activity of bone-resorbing
cells, or osteoclasts’”. The differentiated
osteoclast is- a large, multinucleated,
highly motile cell of hematopoietic
origin®.

Soriano et al'* demonstrated that
mutant mice with a disrupted Src gene
develop osteopetrosis, a disease
characterized by a lack of osteoclastic
activity. These Src-deficient mice had
normal numbers of osteoclasts, but
failed to polarize and form ruffled
borders, indicating that Src isnot
required for osteoclast formation but,
rather, for their function™'”. These
findings are consistent with the high
expression of Src in  osteoclasts,
comparable to that in brain and

119 The exact nature of the

platelets
role played by Src is not clear since
osteoclastic bone resorption is a complex
and incompletely understood process.
The tyrosine kinase Src has been
implicated in the process of
osteoclast-mediated bone resorption. It
has been shown in different cell types
that phosphorylation by Src, and
related kinases, of proteins proposed to
participate or regulate the cytoskeletal
architecture is one important
requirement for their proper function'®’.

It was reported that phosphorylation of

Chl is Src dependent in osteoclasts and
that Cbl antisense oligonucleotides can
block osteoclastic bone resorption in
vitro"”. Another possible downstream
Src target, phosphatidylinositol 3-kinase,
has been implicated in intracellular
membrane trafficking and shown to be
located at the osteoclast ruffled border,
and is required for osteoclast-mediated
bone resorption™’.

The demonstration that mutant mice
with a  disrupted Srcgene have
functionally inactive osteoclasts, in the
absence of any other overt pathological
signs, is clear evidence that Src plays a
unique and crucial role in osteoclastic
bone resorption. However, it has not
vet been unequivocally shown whether
the observed bone effect is due to the
lack of kinase activity or to the absence
of a functional SH2 domain, or indeed
to another mechanism. It is unclear
whether
plays any role in those functions
affected by the lack of Sre in

osteoclasts. Only when a potent, specific

integrin-mediated - signaling

Src  inhibitor with an acceptable
pharmacokinetic profile is available this
point can be resolved in experiments
with ovariectomized rats.

To examine the inhibitory effect of
some oriental medicinal extracts on the
bone resorption and collagenolysis in
the mouse calvarial bone cells, we have
screened and assayed the inhibitory
activities.. of ~ HP.  Although the

effectiveness of HP for gynecological
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and inflammatory diseases .has been
widely  demonstrated by
administration, -the scientific and acting

clinical

mechanisms for those are not understood
and elucidated. It is generally known
that  inflammation induces  bone
resorption and osteophoresis. Therefore,
anti-bone resorption activity may be
assessed by the effect on osteoblastic
cells. The present paper reports the
effect of extracts obtained from HP on
cytokine-induced  experimental  bone
resorption in mouse calvarial cells.
Thus, it was concluded that the HP
extracts are highly stable and applicable

to clinical uses in osteoporosis.

II. Materials and methods

1. Medicinal herbal formulation

The aqueous extracts of HP, which
was massproduced as for clinical use,
were kindly supplied by the Oriental
Medical Hospital of Dongguk
University College of Oriental Medicine
(Kyungju, Korea).

2. Reagents

Radiochemicals were from Amersham
International Co. (Seoul, Korea). All
other chemicals and biochemicals were
of analytical grade and were purchased
from Sigma Chem. Co. (St. Louis, MO)
or Boehringer Mannheim Biochemicals
(Seoul, Korea).

Human recombinant IL-1 was our
deposit””. TNF-a and IL-6 were

purchased  from R&D Systems
(Funakoshi, Co., Ltd., Tokyo, Japan).
Herbimycin A was from  Sigma
Chemical CO. (St. Louis, MO, USA).
Radioimmunoassay kits for PGE; were
from Ammersham. It was stored in
aliquots of 100 mg dissolved in 91 mL
of 100 mmol/L Tris buffer (pH 7.8)
containing 2 mmol/L sodium azide, and
diluted with phosphate-buffered saline
(PBS) prior to use.

3. Calvarial osteoblast cultures
Cultures of osteoblast cells were
established from calvaria obtained from
healthy 10 mice with 2 months of age.
Minced pieces of the tissue were
explanted to 25 cm2 Falcon tissue
culture flasks containing 5 ml of Eagle's
basal medium (BME). The osteoblasts
were obtained by trypsinisation of the
primary outgrowth of cells as previously
described®”. Osteoblasts were seeded
and grown in BME supplemented with
5% fetal calf serum, L-glutamine,
penicillin-streptomycin and HEPES for
24 h. The cell layers were then rinsed
three times with serum-free BME
medium and incubated in the absence
or presence of IL-13, TBF-a, IL-6 and
HP alone or in combinations at the
concentrations indicated in the legends
to figures and tables. At the end of the
incubation period, indicated in the
legends to figures and tables, the
monolayer was frozen for isolation of
total RNA. The cells used for the
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proliferated in the
logarithmic phase between the 6th and
the 12th passage.

experiments

4. Quantification of mRNA for COX-1
and COX-2.

The cells were scraped in 2 ml of 10
mM EDTA (pH8.0), 05% SDS and
RNA was isoalted according to
Sambrook et al.”’. The levels of mRNA
for COX-1 and COX-2 were determined
by southern hybridization which was
carried out by using RNA probes,
synthesized in vitro using a RNA
trasncription kit, and labeled with
353-rCTP?.

5. Prostaglandin E; determination
and Protein kinase assays

The amount of PGE; was determined
in the medium by using commercially
avaiable radioimmunoassay kits with
['""I]-PGE: antiserum. The PGE,
antiserum has 30% cross-reactivity with
in PGE..

32P-based tyrosine kinase assays with
human Sre enzyme [Upstate
Biotechnology, Inc. (UBI) Lake Placid,
NY] were performed with a kinase
buffer containing 20 mmol/L Tris, pH
74, 10 mmol/L MgCl,, 0.1 mmol/L
sodium vanadate, and 1 mmol/L
dithiothreitol (DTT), substrates poly
Glu-Tyr (4:1), or optimal Src substrate
(0SS)® peptide at 1 and 0.5 mg/mL:
950 umol/L  adenosine triphosphate
(ATP), and 0.5-2 uCi of 33P-rATP per

assay. Incubations were performed for
15 min at room temperature. The
reactions were stopped with 33 mmol/L
ethylenediaminetetraacetic acid (EDTA)
and spotted onto phosphocellulose paper
squares (Whatman P81, Maidstone,
England). The paper squares were
washed  three times with 0.5%
phosphoric acid, once with absolute
air-dried, and the

paper-bound radioactivity was. quantified

ethanol, and

in a liquid scintillation counter. Chicken
Src was expressed and purified as
described  before™: the assay was
similar to that with human Src except
that 6 umol/L ATP was used for routine
screening, and the phosphorylated poly
retained on  an
(Millipore,

Glu-Tyr was
Immobilon-P  membrane
Volketswil, Switzerland).

6. ICso calculation

The ICso values were determined
graphically as the concentration of
inhibitor which reduced the signal of
untreated control cells by 50%. The
exposures that had an experimental
50% control value (equals the signal of
one half of the protein analyzed)
approaching the calculated 50% signal
(equals calculated half of the control
value) were taken as being in the linear
range for the enhanced chemiluminescence
(ECL) reaction and X-ray film response.

7. Immunoprecipitation and
immunodepletion
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Cleared cellular lysates were diluted
with NP-40-lysis buffer to a final
protein concentration of 1 mg/mL and
incubated with 2-4 we of appropriate
antibody for 2-4 h on ice on an orbital
shaker. The immune complexes were
subsequently captured with 10 wlof
protein A- or protein G-Sepharose for
30 min. The beads were washed
according to one of the following
protocols: (a) twice with 1 L of TNEN
buffer (50 mmol/L Tris HCl, pH 8.0,
900 mmol/L NaCl, 2 mmol/L EDTA,
0.5% NP-40), twice with 1 m of TNE
(TNEN without NP-40), and once with
30 mmol/L Tris, pH 7.5: or (b) four
times with 1 ml of lysis buffer (the
second two washes without protease
inhibitors) and once with 50 mmol/L
Tris, pH 7.4. The proteins in immune
complexes were analyzed either by
SDS-PAGE Western blotting or in
immune complex kinase assays. For
Western blotting analysis, the antigens
were released from the beads by boiling
in 50 ul SDS sample buffer, proteins
were resolved by SDS-PAGE, and
immunoblotting was done as described
above. Src immune complexes were
analyzed on longer gels (8 x 9 cm: Mighty
Minigel: Biotechnologies,
Dubendorf, Switzerland) at 20 mA/gel
to achieve separation or Src and

Pharmacia

antibody chains. Gels were dried and
exposed on a Phosphorlmager screen for
4-40 h. The bands of interest were

quantified with the ImageQuant

program (Molecular Dynamics) and
corrected for the background signal. The
protein in each fraction was determined
as previously described, and equal
amounts of protein (7 we) from the
lysate and immunodepleted supernatants
were subjected to SDS-PAGE.

8. In vitro bone resorption assay
Fetal rat long bones were prepared
and cultured as described by Feyen et
al™. In brief, timed pregnant Sprague
-Dawley rats were injected with
radiolabeled 45Ca subcutaneously (s.c.)
(100 uCi) on the 18th day of gestation.
The following day, radii and ulnae were
dissected and then precultured in 0.5
mL of BGJ medium supplemented with
1 mg/mL of bovine serum albumin
(BSA) in 24 well tissue culture plates
in a CO; incubator at 37Cfor 24 h. The
bone explants were then cultured in the
presence or absence of the agents to be
tested for 2 days. The medium was
removed and replaced with fresh
medium supplemented with the test
agents, and culture was continued for
another 3 days before terminating the
experiment. Aliquots of conditioned
medium of day 2 and day 5 and the
acid  extract  [trichloroacetic  acid
(TCA), 5% (w/v)] of the bone
explants were counted for 45Ca by
liquid scintillation. Bone resorption was
assessed as the percentage of total 45Ca

that was released into the medium.

61



AHSEAHQ! tyrosine kinase Src, cyclooxygenase 2481, PGE? Btal SO| NAIE E5t RS2 AMS T

9. IL-1B-induced hypercalcemia in
mice

The method of Sabatini et al® was
used to induce hypercalcemia in mice.
An Alzet minipump (type 1003D: Alza
Palo | Alto, CA) was
implanted on the upper side of the neck

Corporation,

of each mouse while in anesthesia with
halothane/air (4:96%). The minipump
infused IL-1b dissolved in PBS at a
rate of 2 mg/day for 72 h. The control
group received a  similar minipump
infusion of PBS. The test compounds
were administered subcutaneously twice
daily at 6:30 and 2:30. The last
administration (seventh injection) was
given in the morning of day 4: 2 h
thereafter the mice were killed and
blood samples were collected. The total
serum  calelum  concentration  was
determined colorimetrically at 570 nm
with o-cresolphthalein complexone using
a commercially available kit (MPR
Calcium: Boehringer Mannheim, Germany)
in a microtitre plate format. The serum
amyloid protein concentration of the
blood samples - was determined by an
ELISA method™.

10. Bone loss in ovariectomized rats

Four groups of eight rats and mouse
were ovariectomized (ovx) by
electrotomy via the dorsal route in
anesthesia. One additional group of rats
served as the intact control group.
Immediately after ovariectomy, two ovx
groups were given 10 and 50 mg/kg of
HP by oral gavage twice daily on

weekdays and once a day at weekends
for 6 weeks. The intact control group
and one ovx control. group were
similarly treated with 0.9% (w/v)
saline. The first
(LV-1) and both femurs were removed

lumbar  vertebra

for biochemical and  morphometric
analyses. Calcium and hydroxyproline in
femoral trabecular bone were determined
by chemical analysis according to the
method of Gunness-Hey and Hock™.
Briefly, the femurs were cut in half at
the middiaphysis and the proximal
halves were discarded. The epiphysis of
the distal half was cut off and the bone
was split into saggital halves, then the
marrow was flushed out with water.
With a dental curette, the trabecular
bone was scraped out of both cortical
shells, combined and put into 5%
trichloroacetic acid (TCA). After standing
16 h at room temperature, the TCA
extract was removed and its calcium
content determined colorimetrically with
o-cresolphthalein complexone. The
remaining demineralized matrix was
successively washed with ethanol and
methylenechloride and dried under
vacuum prior to determining its
content. The dried
matrix was hydrolyzed with 6 mol/L
HCl at 120Cfor 5 h and the
hydroxyproline content was determined

hydroxyproline

colorimetricallysn.

11. Statistics
Results of the above animal studies
are given as mean z*standard error of

62



The Journal of Oriental Obstetrics & Gynecology Vol.20 No.4 November 2007

the mean (SEM). Statistical analysis of after. TNF-a, IL-Band IL-6 treatment.

the data was performed by one-way When 100 we/ml of HP was ‘treated
analysis of variance (ANOVA) and by with - TGF-B(10- U/ml . to . the
Tukey's multiple comparison test osteoblast cells to examine whether the
against the control group. HP inhibits . synergistically the COX

: : , mRNA levels and PGE: production
. Results after TNF-a, IL-B and IL-6 treatment,

COX-2 mRNA expression and PGE:
production were greatly reduced - by
HP(100 we/ml) synergistically with a
significant  difference (P<0.001). This
result also indicated that the HP is
acting in stage of COX-2 mRNA
transcription and PGE; synthesis of the
osteoblast cells (Fig. 1A, B, C).

1. Synergistic Inhibitory effect of
HP and TGF-B on TNF-a, IL-18
and IL-6 -induced COX mRNA
levels and PGE: production

The cytokine TGF-B (10 U/ml)
significantly reduced COX-2 mRNA
levels in cultures of osteoblasts (Fig. 1
A, B, C) when TGF-B were treated

A ) A) TGF-$ on IL-1B B ) B) TGF- on TNF-u

500

00 *
300
5 14+HP S+HP

g g 8 8

g

COX-2 mRNA (cpm/10: RNA}
8

g 8
COX~2 MRNA (cpm /10a RNA}

g

B i L

controf ° 1

control [ 1 5 14 Hp StHp
IL-1B (10ng/ml) + concentration of TGF {ng/mi) TNF-a {10U/mi) + concentration of TGF (ng/mi)

700

C ) C} TGF-§ on L~

500

COX-2 mRNA (cpm /1049 RNA)

100 i
| ‘ '
‘ |
o i

control 0 1 5 1+ HP S+HP
L~6 (50ng/ml) + concentration of TGF {ng/mi)

Fig. 1. Synergistic inhibitory activity of HP (100ug/ml) on inhibitory effect of TGF-8
on IL-1B-induced COX mRNA levels.

Effect of TGF-b, at different concentrations, in the absence or presence of IL-1B (10 ng/ml). in
6 h cultures, was assayed to see the expression of COX-2 mRNA level in mouse osteoblasts
(N=6). Mean+-SD of triplicate experiments representing one of three separate experiments
with similar results. * significantly different from untreated control cells (P<0.01), **,
significantly different (P<0.001).
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2. Inhibitory activity of HP on effect
of TNF-a, IL-1Band IL-6 alone or
in combination on PGE; production

The cytokine IL-1B and to a lesser
extent IL-6 (=10 ng/ml), stimulated
PGE: production in osteoblasts (Fig.
2A.B). Furthermore, the increase of
COX-2 mRNA levels stimulated by the
combination of IL-18 and IL-6 were
accompanied by a synergistic increase of
PGE; production which was dependent
on the concentration of IL-6. HP
treatment with 100ng/ml of IL-6 in the
presence or absence of IL-18 (Fig. 2A)

and TNF-a (Fig. 2B) showed the
significant inhibition of PGE:
production which was dependent on the
concentration of IL-6.

Neither IL-1B, TNF-a, and IL-6 not
the combination of the three cytokines
increased COX-1 mRNA levels in
mouse osteoblasts(Fig. 3). Furthermore,
when TNF-a or IL-6 in the absence or
presence of HP (100 we/ml) in 6 h of
cultures, on COX-1 and COX-2 mRNA
level were assayed in osteoblasts, the
COX-2 mRNA levels were significantly
decreased.

PGE? production (pg/10 2 cells)
s 8 8 8 B B

B

control {0} 1

o

A ) A) IL-6 and HP on IL-1

B)

THF-2 ()
- B) IL-6 and HP on TNF-a 7 gy

’*—%
10

H

g

PGE; production (pg/1¢ celis)
g 8

8

L=

BTNF-a (4}

control {0) 1

100 + HP

concentration of IL~6 (ng/mi)

Fig. 2. Inhibitory activity of HP (100+ug/ml) of effect of IL-6, at different
concentrations,in the absence or presence of IL-18 (10 ng/ml) or TNF-a, in 6 h
cultures, on the PGE; production in mouse osteoblasts (N =86).

Mean+-8D of triplicate experiments representing one of three separate experiments with similar

results. *

from IL-1Bor IL-6-treated cells (P<0.001). **,

IL-6-treated cells (P<0.001).

significantly differentfrom untreated control cells (P<0.01), #. significantly different
significantly different from HP and 100ng/ml
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|SIL-8
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COX-1

cox-2

Fig. 3. Effect of IL-18, TNF-a or IL-6 in the absence or presence of HP (100 ug/ml)
in 6 h of cultures, on COX-1 and COX-2 mRNA level in osteoblasts (N=6).

3. Inhibitory effect of HP and TGF-
B on TNF-q, IL-18 and IL-6-
induced PGE2 production

The cytokine TGF-B (10 U/ml)
significantly reduced PGE: production
levels in cultures of osteoblasts (Fig.
4A,B.C) when TGF-B were treated
after TNF-o, IL-18 and IL-6
treatment. Inhibitory effect of TGF-B
and a combination of TGF-B plus(+)
HP on IL-1B-induced PGE; production
were examined. Effect of TGF-B, at
different concentrations, in the absence
or presence of IL-18 (10 ng/ml), in 6 h
cultures, was assayed to see the PGE
production level in mouse osteoblasts
(N=6). As shown in Fig. 4 A.B.C.
TNF-a, IL-1Band IL-6 -induced PGE;
production were significantly decreased
(P<0.001) by 5 or 10ng/ml TGF-B, and
more stronlgy by TGF-B+ HP.

4, Effect of HP and tyrosine kinase
inhibitors on COX-2 mRNA level
and PGE:; production in mouse
calvarial osteoblasts

To compare the biological activity of
HP .,the effects of tyrosine kinase
inhibitors, herbimycin A (Herb), on
COX-2 mRNA level and PGE:
production was also investigated (Fig.
5). The specific tyrosine kinase
inhibitor, HERB and HP  strongly
reduced COX-2 mRNA levels induced
by IL-1B, TNF-a or IL-6 or the
combination of them. However, HERB
and HP did not affect COX-1 mRNA
level induced by the cytokines (data
not shown). Also, the specific tyrosine
kinase inhibitor, HERB, did not affect
COX-1 mRNA level in osteoblasts (Fig.
5). These indicate that HP plays a role
in inhibiting tyrosine kinase activities of
the bone resorbing cells.

65



AISEHO] tyrosine kinase Src, cyclooxygenase &8, PGE2 BfA S0l HHIE S8 SBANMEs ANS Bt

B TG§ on TNF—u

‘,,

A) L A) TGF on IL-1p B )

3 s

®

PGE: production (pg/1( cells)

#

|

control 0 1 10 10+ HP 0

IS

#

i

control 0 1 5 5+ HP
IL-18 {10ng/mi) + concentration of TGF (ng/ml) TNF-a (10U/mi) + concentration of TGF—8 (ng/mi)

1
‘ C ) " C) TGF on L6

e
PGE: production (pg/1¢ celis)

]
]

|

PGE2 production (po/10 ? cells)

-

control [ 1 5 5+HP

°

IL-8 (60ng/mi) + concentration of TGF- {ng/mi)

Fig. 4. Inhibitory effect of TGF-B and a combination of TGF-B plus(+) HP on
IL-1B-induced PGE: production

Effect. of TGF-B, at different concentrations, in the absence or presence of IL-18 (10 ng/ml).
in 6 h cultures, was assayed to see the PGE; production level in mouse osteoblasts (N=6).
MeantSD of triplicate experiments representing one of three separate experiments with similar
results. * significantly different from untreated control cells (P<0.01), **, significantly different
(P<0.001). # significant different from 5 or 10ng/m! TGF-8 and TGF-B+ HP

: lacontrol
Fig. 5 ‘IL—W
|BTNF-a
|SIL-6 :
@IL-1B +IL-6 |
\EM‘L*'L—*}J

PGE 2 production (pg/10 2 celis)

+ Herb + Herb + HP

Fig. 5. Effect of 1L-1B8, TNF-aor IL-6 in the absence or presence of HERB (1.0 uM)
and HP in 6 h of cultures, on PGE.> production in osteoblasts (N=6).

5. In vitro activity of HP on Src The finding that HP exhibit potent
inhibition by means of ICs value tyrosine kinase inhibition is novel. Fig.

HP has been identified as potent 6 shows in vitro activity of HP. The
inhibitors of Src in enzymatic assays. HP compound inhibited chicken Src
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with an ICsy value of 0.1 umol/L, was
selective against the serine/threonine
Cde2. HP
increased the potency of Src inhibition
in vitro and HP for further
characterization in vitro and in vivo.

kinase In  conclusion,

chose

Furthermore, inhibitory ICs; values of

HP (ug/ml for HP) were calculated for
the inhibition of purified protein kinase
When
chicken recombinant Src enzyme was

activity in enzymatic assays.

used in these assays, HP - inhibited
chicken Src with ICs value of 16 we
/ml.

35
. 32
Fig. 6 I
30
25
E
2
5 2
5 16
3 15
[
2
e 10
5
2.2
0.2
4
Sre ot enzyme Cellular Src Src of enzyme Cellutar Src

Herbimycin A (uM)

HP (ug/eri)

Fig. 6. Potency of inhibitor, HERB and HP toward protein kinase in vitro.

ICs values (umol/L for HERB or ug/ml for HP) were calculated for the inhibition of purified
protein kinase activity in enzymatic assays. Chicken recombinant Src enzyme was used in these
assays. For a descriptionof enzymes and assays, see the Materials and Methods section.

6. HP inhibits PTH-induced bone
resorption in vitro

The effect of the Src inhibitor HP on
bone resorption was evaluated in vitro
in the fetal rat long bone organ culture
system described previously”’. Fetal rat
long bones were cultured in the presence
of 10 nmol/L human PTH-(1-34) in
the presence or absence of HP over the
concentration range 0.1-100 ug/ml. Bone
resorption the
percentage release of 45Ca into the
culture medium at day 5 of culture.
this  system, resorption s
stimulated with PTH and measured by
the release of 45Ca into the medium

was  assessed as

In
bone

from fetal long bones prelabeled with
45Ca. As the results in Fig. 7show, HP
inhibited the PTH-stimulated release of
45Ca

manner with an apparent ICsy value of

in a concentration-dependent
17 we/ml. This value is similar to that
obtained for the
with  isolated

of 23 we/ml our
This of
inhibition of bone resorption was in the

inhibition of bone

resorption osteoclasts
(ICs0

preliminary data).

value in

potency

range of inhibition of Src activity in
cells (17-34 wg/ml), suggesting that the
observed inhibition of bone resorption
may be mediated via Src inhibition. We
could also show that HP did not affect
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signaling by several growth factors in
osteoblastic cells. In addition, the HP
did not affect the activity of several
serine/threonine protein kinases in vitro
(data not shown). Thus, HP was not

32)

in osteoblasts™’. Furthermore, Src is not

required for PTH-mediated adenylate
cyclase response in osteoblastic cells®™ .
Thus, it is likely that the inhibitory

effect of HP in this organ culture

expected to inhibit the  serine/ system is mediated by Src in
threonine-specific cAMP-dependent protein osteoclasts.
kinase, a major mediator of PTH action

Fig. 7

“Scalcium release
=
s

control (PTH) 0.1 1 10 50 100

concentration of HP (ug)

Fig. 7. HP inhibits bone resorption in the fetal long bone organ culture system.

Fetal rat long bones were cultured in the presence of 10 nmol/L human PTH-(1-34) in the
presence or absence of HP over the concentration range 0.1-100 ug/ml. Bone resorption was
assessed as the percentage release of 45Ca into the culture medium at day 5 of culture. Four
experiments are done and the results from a representative experiment are shown as percent
release over control for six long bones per group (mean * SEM, n = 6). Open circles show
45Ca release in nontreated controls and PTH-treated samples: closed circles show 45Ca release
in samples treated with PTH and HP.

7. HP partially prevents bone loss femur. HP was administered twice a

and rescues bone microarchitectural day at doses of 10 and 50 mg/kg orally

features in young ovx rats

The ovx rat is often used as a model of
Whether
HP partly prevents bone loss in young

postmenopausal osteoporosis34).

ovariectomized (ovx) rats, the effect of
HP on bone loss in young ovx rats was
measured by the trabecular calcium and
hydroxyproline content of the distal

for 6 weeks, beginning immediately after
We 8-week-old
female rats to assess the effect of orally

ovariectomy. used
administered HP on the ovariectomy
-induced bone loss. These findings were
further corroborated by microtomographic
analysis of the architectural changes in
bone. Trabecular

vertebral cancellous
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bone volume, number, separation, and
trabecular bone pattern factor all
deteriorated in estrogen-depleted, osteopenic
rats(Table 1). Treatment with 50
mg/kg HP significantly reduced these
effects by approximately 60%. This
example shown had a BV/TV fraction
very close to the average value of the
corresponding group. In ovx animals a

stronger prevalence of rod-like

structures can be seen than in control
or treated animals. This phenomenon
was correspondingly reflected by the
morphometric parameters in Table 1.
Together, these data show that we
identified an Src inhibitor which is
potent and specific in enzymatic and
cellular assays, and which can inhibit
bone resorption in vitro and in vivo.

Table 1. HP partly prevents ovariectomy-induced changes in the morphometric
parameters of vertebral trabeculae in young rats.

Parameter Control(PBS) Control (OVX) OVX +20mg/kg
BV/TV{(%) 23.6£2.6 15.3£1.3 21.5x2.1
Tb.N (1/mm) 0.45+0.01 0.28+0.03 0.34+0.02
Tb.Sp (uM) 21.6%2.1 32.6+4.3 28.4£2.5
Tbh.Th (uM) 5.5%0.3 4.2+0.4 45.6+5.3**
TBPf (1/mm) 4.3£0.5 9.4x0.5 7.5+0.8*

HP was administered twice a day at doses of 10 and 20 mg/kg orally for 4 weeks, beginning
immediately after ovariectomy. The vertebral bone was analyzed with a high-resolution
microtomograph and the static bone morphometric parameters were calculated as described.

These results are expressed as mean + SEM. (*, p<0.05: ** p<0.01 against the OVX control
group.)

(OVX, ovariectomized animals: BV/TV, bone volume/tissue volume; Th.N, trabecular

number: Tb.Th, trabecular thickness Th.Sp. trabecular separation: TBPF, trabecular bone
factor )

IV. DiSCUSSiOH demonstrate that it can inhibit bone

resorption in vitro and in vivo. Both in

enzymatic and cellular assays HP was
TGF-B  strongly suppressed the Y

activities of the cytokines IL-183, TNF-
a and IL-6 actions on stimulation of
COX-2 mRNA expression and PGE;
production in osteoblasts (N =6). It has
been reported that TGF-B inhibit
prostaglandin  production (data not
shown).

selective toward several other tyrosine

protein  kinases from  receptorand
different

profiles of the Src inhibitors may be

nonreceptor families. The
useful for addressing various questions
in  cell Dbiology and in potential
treatments for distinct diseases such as
immune

cancer, atherosclerosis,

In this study, we describe a potent

s : . disorders, and bone metabolism disease.
inhibitor of the tyrosine kinase Src and
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Our data show that the selective Src
inhibitor HP inhibits bone resorption in
the fetal long bone system. Obviously,
it is hard to totally exclude that
inhibition of another protein kinase does
not contribute to inhibition of bone
resorption.- An increase in bone mass
results from a positive balance between
osteoblast-mediated bone formation and
osteoclast-mediated bone resorption:
thus, an inhibitor of osteoclasts should
not inhibit osteoblasts as well. ‘

Administration of IL-1 to mice leads
to increased bone resorption, resulting in
the release of bone calcium and an
calcium®™. The
IL-1-induced  bone
resorption . probably involves multiple

increase in ° serum
mechanism  of
effects  on the osteoclast lineage,
including stimulation of progenitors,
increased differentiation, and activation
cells™.

src—/-osteopetrotic mice with IL-1 does

of mature Treatment  of
not induce hypercalcemia, elegantly
showing that Src, functional osteoclasts,
and bone resorption are all required for
IL-1 to increase blood calcium levels®™.
A previous report with the nonspecific Src
inhibitor herbimycin A showed a reduction
in IL-1-induced hypercalcemia® .

We have demonstrated IL-6 enhances
COX-2 mRNA level as well as
synergistically potentiates IL-13-induced
COX-2 mRNA level in mouse gingival
fibroblasts which was also reflected by
increased PGE: production. The data
COX-2

demonstrating reduction of

mRNA level and subsequently PGE:
production by tyrosine kinase inhibitors
provide also an important role - for
tyrosine kinases which, by mediating
COX-2 at
translational level ‘might be a link in

transcriptional and

the pathogenesis of periodontal diseases.
Interleukin-1 together with IL-6 and
TNF-ais thought to play a major role
in the ovariectomy-induced bone loss™.
Thus, based on the inhibition of
IL-1-induced hypercalcemia with HP, it
was expected that the ovariectomy
-induced bone loss would be affected as
well, but it was possible that theeffect
on bone mass could be obscured by
unfavorable pharmacokinetics or toxic
effects of the compound. We have
shown that the loss of the trabecular
bone is partly prevented by treatment
with the Src inhibitor HERB. Toxicity
of HP did not seem to contribute to
the positive effects on bone, since the
animals survived 6 weeks treatment
with relatively high doses without
significant changes in body weight
(data not shown). Taken as a whole,
our data show that Src inhibitor may
be effective in preventing bone loss in
animal models, and may be useful for
the treatment of conditions associated
with bone loss in humans, such as
tumor-

postmenopausal  osteoporosis,

induced hypercalcemia, and Paget's
disease.
Natural products of plant origin are

still a major part of traditional
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medicinal  systems in  developing
countries. There is also a resurgence of
interest in herbal medicines in western
countries as an alternative source of
drugs often for intractable diseases such
as rheumatoid arthritis®”. A literature
survey on the fetal human Hominis
Placenta revealed that there is no
scientific evidence of its usefulness in
the treatment of RA and osteoporosis.
The need for safer and effective
anti-inflammatory drug and the lack of
enough scientific data to support the
claims made in ancient literature

prompted the present study.

O % 2 920074 109 269
OA A o @ 20074 119 02¢
O Axrgtsd @ 20074 119 06%
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