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I. Abstract

of Cervi
Pantotrichum Cornu(CPC) prepared from the
pilose antler of Cervus korean TEMMINCK
var. mantchuricus Swinhoe (Nokyong), a tra—

The effect of water extract

ditional immunosuppressive and immunoacti—
vating Korean herbal acupuncture, on Pi-in—
duced apoptosis in chondrocytes from rat was
studied.
Phosphate
chondrocytes via the

ions(Pi) are transported into
Na—Pi

channel, then the chondrocytes are subjected

transporter

to apoptosis by transported phosphate ions.
Therefore, it is needed to block the Na—Pi
transporter to bone resorption inhibition, It
was known that Pi induced apoptosis of ter—
minally differentiated hypertrophic chondro—
cytes. Pi induces cell death via the plasma
membrane Na—Pi cotransport. This indicates
that Pi—induced apoptosis can be prevented

by inhibiting the plasma membrane Pi trans—
port of chondrocytes.

Terminally differentiated hypertrophic chon-
drocytes were isolated from rat costochon—
drial cartilage and cell death was measured in
the presence of 3—5 mM/L Pi. The effect of
10pxg/ml Cervi Pantotrichum Cornu herbal
acupuncture (CPH) was compared to that of
phosphonoformic acid (PFA), a competitive
inhibitor of the Na-Pi
Pi~induced apoptosis in chondrocytes. 1
mM/L PFA blocked anion—induced cell death
and prevented an increase in the cell Pi

co—transport on

content. In a parallel study, we determined
that the CPH also protected chondrocytes
from death,

On the other hand, the effect of CPH was
also evaluated as an inhibitor of dihydroor—
(DHO-DHase) and
tested in the rat collagen—induced arthritis (CI
A) model. Female 7-week—old Sprague-—
Dawley rats were used for the evaluation of

otate  dehydrogenase
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CPH in the CIA model. Arthritis was eval—
uated by arthritis score, body weight loss,

CPH was ad—
Shinsu(B23) acu-
puncture 5 times per week (10, 20, 30, and
100 # g/kg/day). CPH inhibited rat liver dihy—
droorotate dehydrogenase (DHO-DHase) in
vitro with Ki=843%43 ug/ml. The anti—pro—
liferative effect of CPH was caused by cell

bone destruction score.

ministered by bilateral

cycle arrest at the S—phase. Treatment with
300 mg/kg/day of CPH completely prevented
the development of CIA based on the reduc—
tion of the arthritis score. The 50% effective
dose (ED50) of CPH on arthritis score was
64mg/kg. CPH ameliorated body weight loss
associated with disease onset. Importantly,
CPH suppressed the development of arthritis,
even when it was administered after a boos—
ter immunization of collagen. CPH is a novel
immunosuppressant which inhibits DHO-
DHase and its effects in CIA suggest that it
could be useful in the treatment of rheuma-—
toid arthritis.

[I. Introduction

Cervi Pantotrichum Cornu(CPC) prepared
from the pilose antler of Cervus korean
TEMMINCK var.

(Nokyong),

mantchuricus Swinhoe
is a traditional Korean animal
grown in south Korea and has long been
recognized as one of the most effective and

powerful invigorants, as well as an enhancer
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of systemic resistance to infectious diseases.
Extract from CPC by water boiling methods,
has been widely used in the treatment of
some immune-related diseases, especially RA
obtained"?.
However, little is known about the mode of

and satisfactory results are
action of this medication on RA.

Normal joint function depends upon the
structural integrity of the constituent cartilage
and bone components, which in turn is de—
pendent upon an equilibrium between the
processes of tissue synthesis and degradation
during cartilage and bone remodelling. It is
generally accepted that proteolytic enzymes
are involved in the catabolic aspect of normal

tissue remodellinga"”

, and that altered activity
of these enzymes is responsible for cartilage
destruction and bone erosion associated with
degenerative disorders such as RA. In clinical
practice, RA are the most commonly encoun—
tered of the many forms of degenerative joint
disease, with the former characterised by lo—
calized degenerative change mainly in
weight—bearing joints, it is a systemic in—
flammatory disorder characterised by in—
flammatory cell infiltration of proliferated

and
erosion. Although increased protease activity

has been implicated in the pathogenesis of

synovial  linings, subsequent  tissue

RA, differences in mechanism associated with
these disorders remains to be elucidated.
Programmed cell death, or apoptosis, is an
evolutionarily conserved physiological strat—
egem from the organism. During development,
the apoptotic program functions selectively to
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remove unwanted cells, thereby promoting
establishment of the mature phenotypef’). In
terms of understanding normal endochondral
growth, terminally differentiated chondrocytes
undergo programmed cell death®. Accor-
dingly, apoptosis provides for the rapid and
controlled removal of terminally differentiated
cells from cartilage.

During endochondral bone formation, chon—
drocyte terminal differentiation is accom-—
panied by an accumulation of calcium and
phosphate ions (Pi); it was shown that, prior
to deposition of apatite in the extracellular
matrix, there was a marked accumulation of
Pi”. To explore the mechanism by which Pi
induces apoptosis, Mansfield et al™ reported
the observation that Na—Pi transporters are
expressed in chondrocytes. It was also con—
cluded that, at the mineralization front, cell
death is linked directly to the elevation in
environmental anion concentration and to the
concomitant rise in intracellular Pi levels.

Rats develop polyarthritis upon immuniza—
with type I
changes in the arthritic joints have a sim—

ilarity to those of RA, characterized by a

tion collagen. Pathological

chronic inflammatory reaction in synovial tis—
sue, producing pain, disability and eventual
destruction of joints”. Thus, CIA is consid—
ered as an experimental model for human RA,
and is utilized for development as anti—in—
flammatory and/or anti—arthritis drugs.

CPH inhibits the enzymatic activity of di—
hydroorotate  dehydrogenase (DHO-DHase
[EC 1.3.99.11]), the fourth enzyme of de

novo pyrimidine synthesis. Inhibition of this
enzyme prevents the production of pyrimidine
nucleotides necessary for the synthesis of
RNA and DNA, thus resulting in reduced cell
proliferation'®. Several inhibitors such as
brequinar sodium and leflunomide were re—
ported'?.

In the present study, the effect of CPH
was compared to that of PFA, a competitive
inhibitor of Na—Pi cotransport on Pi—induced
apoptosis in chondrocytes. The effect of wa—
ter extract of CPC was examined on
chondrocytes. We determined that the CPH
also protected chondrocytes from death. We
have also compared the levels of apoptosis of
the CPH— and Pi—treated cells from rat. CPH
treatment at dose of 20 ug/kg suppressed
the apoptosis. It was concluded that CPH is
likely to be of potential importance in the
pathogenesis of RA, and the development of
latter
disorder should include apoptosis inhibitory
elements. We also clarified the inhibitory ac—
tivity of CPH against DHO-DHase and ex-—
amined both the prophylactic and sub—ther—
apeutic effects of CPH in rat CIA.

novel therapeutic strategies for the

[I. Materials and Methods

1. Materials

Female 6—week—old Sprague—Dawley rats
were purchased from KCTC, KRIBB (Taejon,
Korea). They were allowed at least 1 week

13
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to adapt to the environment (2537,
55%5% humidity and a 12 h light/dark cycle)
and were used at 7 weeks of age. Food and
water were provided ad /ibitum.

CPH tablets, a water extract of CPH were
purchased from Gyeongju Oriental Medical
Hospital, Dongguk University (Gyeongju city,
Gyeongbuk), Korea as an i.p injection grade
for human. Each tablet contained 100 #g of
the extract. For ip. injection into rats, ran—
domly selected tablets were ground and sus—
pended in normal saline at a concentration of
50 ug/10 1. CPH were administrated by
bilateral Shinsu(B23) acupuncture to rats at
dosages of 10, 20, 30 and 100 pg/kg rat,
being the day before the initiation of the ar—
thritis for 8 days to 2 weeks.

2. Na—Pi transporter with PFA and
pharmacological CPH

Terminally differentiated hypertrophic chon—
drocytes isolated from rat costochondrial car—
tilage have been shown to undergo apoptosis
when treated with 3~5 mmol/L. Pi. To confirm
whether Pi induces apoptosis or not, we
blocked the activity of the Na—Pi transporter
with PFA and measured chondrocyte death,
Because this agent inhibited apoptosis, we
then treated cells with Pi and determined if
death was linked to an increase in the cell's Pi
content. Finally, we determined whether the
pharmacological CPH could protect
drocytes from apoptosis.

chon—

3. Reagents
Methotrexate (MTX) was purchased from
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Sigma—Aldrich Co. (MO, U.S,A). Prednisolone
and naproxen were purchased from Sigma-
Aldrich Co. (MO. USA). Staurosporine was
purchased from Kyowa Hakko Kogyo Co.
(Tokyo, Japan).

4. Cell Culture

Chondrocytes from costochondrial cartilage
of 125 g Sprague Dawley rats were isolated
as previously reported”). These cells were
grown in a primary culture for 5 days in
Dulbeceo's modified high—glucose Eagle me~—
dium (DMEM: Sigma Chemical Co., St. Louis,
MO, USA) containing 10% defined fetal calf
serum (Jeil Biotech Inc., Taegu, Korea), 2
mM/L and 50 U/mL each of
penicillin/streptomycin. Nonadherent chon—
drocytes were washed gently from the plate

-glutamine,

and used for Pi uptake assays, or replated at
a density of 25,000 cells/cr. To facilitate cell
attachment, cultures were treated with 4 U of
testicular per
medium. After 3 days, cells were exposed
to the agents in a serum—free medium.
Expression of the hypertrophic phenotype
was evaluated by optical microscopy, meas—
urements of alkaline phosphatase activity, and
expressions of type X collagen as described
previouslym.

hyaluronidase milliliter of

5. Treatment Protocol

For the Pi control group, the actual con—
centration of Pi in the serum—free medium
was 1 mM and this value was set as the
control. When the medium was supplemented
with Pi, NaH,PO, was added to the bulk me—
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dium and rapidly mixed, we prevented min—
eral precipitation. Special care was taken to
maintain the medium pH; once the Pi was
dissolved, the pH of the medium was then
adjusted to pH 7.4 with KOH, No significant
change in pH was observed during the
experiment. PFA was used at a concentration
of 10 #M to 1 mM in the presence of 1mM
to 5 mM Pi. Other all reagents were pur—

chased from Sigma—Aldrich Co. (MO, USA).

6. Measurement of Apoptosis

(a) MTT Assay

Chondrocyte viability was determined by
the MTT assay. This assay is widely used to
measure cell death. Chondrocyte apoptosis
could be monitored using the procedures'®.
The assay is based on the ability of mi-—
tochondrial dehydrogenases to oxidize thia—
zoyl blue (MTT), a tetrazolium salt ((3—[4,5
~Dimethyl—2-thiazolyll —2,5—dphenyl—2Hte~
razolium bromide), to an insoluble blue for-—
mazan product. Briefly, cells were grown in
24 well plates in medium with or without the
test agent. At the end of the treatment peri—
od, they were treated with MTT (120 g/mL)
in a serum—free medium and incubated at 3
7C. After 3hrs, the supernatant was removed
and the formazan crystals were solubilized in
0.04 M/L HCl in isopropanol and stirred for
10 min at room temperature. The optical
density was read at 595 nm using an en—
zyme—linked (ELISA)
reader and the results were normalized to

values generated by untreated control cells'”,

immunoassay plate

(b) TUNEL Assay

Cartilage chondrocytes(0.35% 10%cells) were
plated in 6 well plates and treated with Pi in
the presence or absence of PFA or CPH for
24hrs. The cells were fixed and stained using
the Klenow FragEL DNA Fragmentation
Detection Kit(Oncogene Research Products,
Cambridge, MA). While the manufacturer's
instructions were followed, significant changes
were made to the protocol. Thus, cells were
fixed in 4% formaldehyde in phosphate—
buffered saline(PBS), pH 7.2, for at least 30
min. After rinsing with tris—buffered saline
(TBS), cells were permeabilized by incubation
with Proteinase K for 2 min, Cells were then
washed with TBS, incubated with the equili—-
bration buffer for 15 min, and then treated
with the Klenow enzyme
buffer for 3 h at 37C
chamber.

in equilibration
in a humidified
The reaction was stopped and
blocked for 20min, and then incubated with
the conjugate in blocking buffer for 30min at
room temperature, After rinsing, cells were
treated with CPH for 30min. Stained sections
were viewed under microscope(Olympus Co.,
Tokyo, Japan) and images were digitally
captured®.

7. Chondrocyte Pi Uptake

Because measurement of Pi in adherent
cells generates aberrant results due to Pi
binding to matrix protein and mineral, all as—
says were performed using suspension cul—
tures in which there was minimum matrix.
For this study, cells were lifted from the
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plates and resuspended in the medium at a
density of 200,000 cells/mL in the presence
or absence of added Pi. After 24hrs, cells
were placed on ice and washed three times
with a buffer containing 100 mM/L NaCl, 50
mM/L mannitol, 5 mM/L HEPES, and 1 mM/L
PFA (pH 7.5) or 2ug/ml CPH. Cells were
then extracted with ice—cold 3% perchloric
acid centrifuged at 15,000 g for 15 min, and
the Pi concentration of the supernatant was
determined using the method of Van Veld-
hoven and Mannaerts'®, The Bio-Rad DC
protein assay (Bio—Rad, Hercules, CA, USA)
was used to determine the amount of protein
in each sample.

8. Collagen Immunization

Bovine type II collagen solution, which was
purchased from Sigma (St. Louis, Mo, USA)
was diluted (3 mg/ml to 1.6 mg/ml) with 10
mM acetic acid and then emulsified in an
equal volume of incomplete Freund's adjuvant
(Difco Laboratories, Detroit, MI, USA). The
emulsion (500 pl containing 400 ug colla-
gen) was injected intradermally on the back
100 #1 of the
same emulsion was injected intradermally at
the base of the tail.

of rats. Seven days later,

9. CPH Extract Administration

CPH were administrated on bilateral
Shinsu(B23) daily to rats at dosages of 10,
20, 50 and 100 pzg/kg rat being the day be—
fore the initiation of the arthritis for 8 days
to 2 weeks or administered 5 times per week
on the day of the primary immunization with
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type II collagen (i.e. from day 0) to the day
before the last day.

Immunization with type Il collagen was
carried out on Monday in each experiment,
and the drug was administered from Monday
to Friday throughout the experiment. Each
experiment finished on day 18th or day 23th.
Drugs administrated by bilateral Shinsu(B23)
acupuncture to rats were as follows : CPH
(10, 20, 30 and 100 ug/kg), MTX(0.1 mg/
kg), naproxen (3 mg/kg) and prednisolone (3
mg/kg)

The administered dose of MTX (0.1 mg/kg)
was the maximum dose that did not induce
myelosuppression'®. Saline water was admi-
nistered as the vehicle control. In the sub-
therapeutic experiment, CPH were admini—
stered by bilateral Shinsu(B23) acupuncture 5
times per week from day 7 to the day before
the last day of each experiment.

10. Arthritis Evaluation

Rats were examined for visual appearance
of arthritis and the lesion of each hind paw
was graded from O to 4 according to the in—
creasing extent of erythema and edema of
the periarticular tissue, as described below.

The arthritis score of each rat was the
sum of the scores of each of the 4 limbs, the

Arthritic lesion of a scale of 0—4

no change

swelling and erythema of the digit

mild swelling and erythema of the limb
gross swelling and erythema of the limb
gross deformity and inability to use the limb

T =]
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maximum score being 16. A rat that showed
a score of 1 or more was regarded to be
arthritic. The incidence and day of the onset
of arthritis were also recorded.

11. DHO—DHase Activity Measurement

A partially purified preparation of mito—
chondria was produced from rat liver(7 week
male SD rat)®.

Measurement of DHO-D Hase activity was

performed according to Peters et al.*” with
slight modifications,
The kinetic parameters ({(apparent Km,

Vmax, apparent Ki and Ki') of mitocondroal
DHO-DHase were measured using L—dihhy-—
droorotate (L—DHO; 50 M) as a substrate.
The rate of conversion of L—DHO to L—or-
otate was measured by HPLC equipped with
SLC~10A system controller and UV detector
(Shimadzu, Kyoto, Japan).
was achieved by isocratic elution with 10 mM
potassium phosphate buffer (pH.7.2) on a Par-
tisil=10 SAX column(4.6 X250mm, Whatman,
USA). The UV absorbance of the effluent
was monitored at 280 nm.

The separation

12. Proliferation Assay and Cell
Cycle Analysis

Jurkat cells, a human T-—cell line from an
acute leukemia, were obtained from ATCC(T
IB 152) and cultured in RPMI 1640 medium
(Sigma—Aldrich Co., MO, USA) with 10% fe-
tal bovine serum, Proliferation was assessed
by the amount of [*H] thymidine(25 Ci/mmol;
Amersham Pharmacia Biotecs, Buckingham—

shire, UK) incorporation into cells. Jurkat
cells(5X 104 cells/200 ul) were cultured for
in the presence or absence of CPH. After
64hrs [*H] thymidine was added to the cells
and the cells were incubated for a subse—
quent 8hrs. Cell cycle analyses were carried
out using Cycle TEST™ PLUS DNA Reagent
kit from Becton Dickinson Immunocytometry
Systems(San Jose, CA, USA). Also cells were
analyzed by flow cytometry on a FACScan
(Becton Dickinson Immunocytometry Systems,
San Jose, CA, USA) in the presence or ab-—
sence of CPH.

13. Protein Determination

Synovial fluid protein levels, for calculation
of specific proteolytic enzyme activity meas—
urements and specific protein carbonyl meas—
urements above, were determined by the
method of Lowry et al.?"’ using bovine serum

albumin as the standard.

14. Statistical Analysis

All experiments were repeated three to
five times and the mean and SE. were
determined. MTT absorbance values for con—
trol group were normalized to 100% ; ex—
perimental group values were expressed as
percent of control group. Significant differ—
ences . between sets of values for control
group and experimental group were assessed
by one—way analysis of variance (ANOVA)
by Dunnett's test or Kruskal-Wallis. When
required, we took the square root to normal—

22)

ize the data™. The p value refers to a com—
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parison of a measured parameter in the ex—
perimental group with that of the appropriate
control group ; significance was set at p<
0.05.

IV. Results

1. Effect of Pi and PFA and CPH
on chondrocyte apoptosis.

Inorganic Pi (3—5 mM/L) caused a sharp
decrease in the percentage of viable cells.
Thus at 5 mM/L, almost 85% of the cells
were killed by Pi. Treatment with the trans—
port blocker, PFA (1 mM/L), protected the
cells from Pi (Fig. 1A). Fig. 1A shows that,
when the Pi concentration was 3 mM/L, al-
most all of the cells were dead; in the pres—
ence of PFA, 100% of cells were viable. A
same result was seen when the cells were
treated with 5 mM/L Pi. However, treatment
with 10 zg/ml CPH protected the cells from
Pi (Fig. 1B).

Chondrocytes were treated with Pi in the
presence and absence of 1 mM/L PFA or 10
pg/ml CPH. After 24hrs, the viability of the
chondrocytes was determined using the MTT
assay. Although 3 and 5 mM/L Pi caused a
dramatic fall in cell viability, the presence of
PFA completely blocked the apoptotic effects
of the anion. CPH protected the apoptotic ef—
fects of the anion. Values shown represent
mean * S.E. of five separate experiments.
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Fig 1A. Effect of
apoptosis.

PFA on chondrocyte
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Fig 1B. Effect of
apoptosis.

CPH on chondrocyte

* Significantly different from 1mM/L control
group (p < 0.05).

2. Dose—dependent effect of CPH
on Pi—~induced chondrocyte apoptosis.

To determine whether CPH protect the
cells from 3 mM/L Pi or not, the chon—
drocytes were treated with increasing con—
centrations (5~50 ug/ml) of CPH as the
transporter blocker. Fig. 2 shows that CPH

caused a dose—dependent increase in the
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percentage of viable cells. Effective pro—
tection against 3 mM/L Pi was achieved when
the CPH concentration was 20 g#g/ml. An CP
H concentration as low as 5 zg/mlL meanin—
gly inhibited Pi—mediated chondrocyte apop—

tosis.

2 e A ;i
ComirolfSH) I o cPHE o P

Fig 2. Dose—dependent effect of CPH on
Pi—induced chondrocyte apoptosis.

Tibial chondrocytes were treated with in—
creasing concentrations of CPH in the pres—
ence of 3 mM/L Pi in serum—free (SF)
medium. After 24hrs, cells were isolated and
cell death was estimated by the MTT assay.
Although 3 mM/L Pi induced death of almost
90% of the cells, the addition of >20zg/ml
CPH significantly reduced cell death. Values
shown represent mean * S.E. of five sepa—
rate experiments.

* significantly different from serum-—free
control (p < 0.05)

# significantly different from 3 mM/L Pi (p
< 0.05).

3. Effect of Pi and CPH on chon—
drocyte survival as observed by the
TUNEL method

Fig 3. Chondrocytes stained by the TUNEL
method following treatment with Pi and CPH.

Cells were protected from apoptosis is
shown in Fig. 3. Cells were treated with 3
mM/L Pi in the presence or absence of CPH
and apoptosis as determined using the
TUNEL assay. As might be expected, when
the Pi concentration was low (control), few
TUNEL-positive cells were evident; in con—
trast, when treated with 3 mM/L Pi, almost
all of the cells were TUNEL positive, in—
dicating that these chondrocytes were
apoptotic. In the presence of CPH, 3 mM/L Pi
induced few TUNEL-positive cells in the
culture, These results indicate that CPH pro—

19



EBAHN0| YA Tyoe 1 collagen RY HFWY AUH0I2 Y ABMEY HEA0 0] EENBO) f A7

tected the chondrocytes from Pi—induced
apoptosis

Chondrocytes were - treated - with .3 mmol/L
Pi in the presence or absence of 10 xg/ml
CPH. The cells were then fixed and stained
by the TUNEL procedure. (A) Control cells
maintained in serum~free DMEM. (B) Chon-—
drocytes treated with 3 mmolL Pi for 24hrs.
(C) Chondrocytes: treated with 3 mM/L Pi in
the presence of 10 wg/ml CPH for24hrs. In
the presence of 3 mM/L Pi, many of the cells
were TUNEL-positive (B). However, CPH
caused a marked reduction _in’>the number of
positive(amptotic) cells(C). Original magnifi-—
cation X400,

4. Effects on Pi accumuiation and
viability of cells treated with Pi in the
presence or absence of PFA and
CPH.

To ascertain if treatment with Pi influenced
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A. Effect of the Pi content of the treated
cells

the intracellular Pi load, chondrocytes were
treated with Pi in the presence and absence
of CPH. Fig. 4A shows that, in the presence
of 3 mM/L Pi, there was a 27—fold increase
in cellular Pi content (0.028 xM/ug protein
V 0.89 #M/ug protein). In addition, as might
be expected, treatment with PFA as a pos—
itive control or CPH significantly decreased
cell Pi loading. Because the Pi—loading ex—
periment was performed using suspension
cultures, we also assessed the impact of Pi
treatment on cell viability. Fig. 4B shows that
3 and 5 mmol/L Pi induced death in about
75% of treated cells, whereas PFA and CPH
protected the chondrocytes from Pi—depend-
ent apoptosis.

Suspended cultures of tibial chondrocytes
were treated with Pi for 24hrs. Cells were
also treated with 5 mmol/L Pi in the
presence of 3mM/L PFA(3+PFA) or 10xg/ml
CPH(3+CPH). The Pi content(A) and the

A L8]

B. Eftect on the percent viability of the
treated cells

Fig 4. Pi accumuiation and viability of cells treated with Pi in the presence or absence of PFA

and CPH
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percent viability (B) of the treated cells was
then determined. Although Pi caused a 20-
30—fold increase in cell Pi content, PFA and
CPH markedly reduced the total concentration
of Pi accumulated by the treated cells and
protected the cells from apoptosis. Values
shown represent mean * S.E. of five sepa—
rate experiments.

* significantly different from 1 mM/L(con-
trol group) Pi (p<0.05);

# significantly different from 3 mM/L Pi {p
<0.05).

5. Effects of CPH on rat CIA model

Treatment with CPH (100 xg/kg) almost
effectively prevented the development of CIA
Table 1. MTX (0.1 mg/kg) partially pre—
vented the development of CIA., Although the
body weight of vehicle treated rats (control)
decreased with the development of arthritis,
the body weight of rats treated with CPH
was maintained as same level as normal rats
Table I@I. CPH, MTX, naproxen and pre-
dnisolone, suppressed the destruction of bone
Table 1I.

6. Effect of CPH on the DHO—DHase
Activity

Table 1. Effects of CPH and Various Drugs on Incidence of Rat CIA.

Treatment Dose Days after immunization

(#g or mg/ke) 8 10 12 14 16 20
Control - 0/6° 3/6 6/6 6/6 6/6 6/6
CPH 100 #g/ke 0/6 0/6 1/6 1/6 2/6 2/6
MTX 0.1 mg/ke 0/6 2/6 3/6 4/6 4/6 4/6
Naproxen 3 me/ke 0/6 2/6 3/6 4/6 2/6 2/6
Prednisolone 3 me/keg 0/6 0/6 4/6 4/6 3/6 4/6

® The incidence of arthritis was examined on the days indicated

Table II. Effects of CPH and various drugs on body weight change and bone destruction rat CIA®.

Treatment (Ongos&(,l;{'g/tgg}kg) Body weight change(®)® Bone destruction score®
Normal - 36.514.6" -
Control - 14.613.6 125%0.5
CPH 100 373+2.1" 03£0.1°
MTX 0.1 204=x3.7 68137
Naproxen 3 34.7+3.1° 3.1+1.2°
Prednisolone 3 21.7%3.7 4716

* Results are expressed as the mean = S.E. (N=6)

® Body weight change from day 7 to day 18 was measured.

¢ Radiographs were taken on day 20th.
* P<0.05, **P<0.0]1 compared with control group,
*# P<0.05 compared with CPH treated group.
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The activity of DHO—-DHase partially pu—
rified from rat liver was evaluated, the ap—
parent Km value of the substrate (L-DHO)
was 2,86019.4 rg/ml (mean = S.E. in five
experiments) and the Vmax was 26,430 ug/
h/mg protein, determined from a Line—
weaver—Burk plot. CPH effectively inhibited
DHO-DHase activity in a concentration de—
pendent manner. CPH exhibited mixed com—
petitive and noncompetitive inhibition. the
apparent Ki value of CPH was 843%43ug/
ml Table II.

Table II. Kinetics Parameters of CPH on
DHO-DHase Activity in Rat Liver Mitochodria®.

Apparent Ki (zg/ml)

CPH 843143

® Results are expressed as the mean + S.E.

7. Effect of CPH on Cell Progres—
sion in Jurkat Celis

CPH inhibited the proliferation of Jurkat
cells, a human T—cell line, with an ICsy val—
ue of 170 pg/ml. Jurkat cells treated with
CPH for 6hrs induced cell cycle arrest at
the S—phase and entry into the Gp— and
M~phase was inhibited Fig. 5; the minimum
effective concentration of CPH was 3.0ug/
ml. These results suggest that the anti—
proliferative effect of CPH was due to cell
cycle arrest.

Jurkat cells were treated with CPH for 6
h and then analyzed on a flow cytometer.
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Fig 5. Effect of CPH on cell-cycle pro—
gression in Jurkat ceils

Results are shown as the mean*S.E.(N=4),
#x P<(.01, #» P<0.001 compared with
vehicle treated group.

V. Discussion

CPH is widely used in the chronic man—
agement and the treatment of RA, partic—
ularly, in Korea. However, the mechanisms
by which the CPH modifies the clinical sta—
tus of RA are not well understood.

The bioactivity of the deer antler may act
as an immune enhancer®®®. Previously, anti—
fungal activity, and the suppressing activity of
the hyphal transition from yeast in C. albi—
cans, were found from deer antler extract .

By using biochemical and chemical meth—
ods, we identified the compound from deer
antler extract that is responsible for the

suppression of hyphal transition as 2-lyso—
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phosphatidylcholine, and this suppression may
be mediated through the MAP kinase path-
way®.
The mechanisms by which the CPH modi—
fies the clinical status of RA are not well
understood. Previously, our CPH inhibited
production of IL-14 and TNF-a from mac—
rophages in response to in vivo stimulation
with bacterial lipopolysaccharides when the
extract was administered into mice once a
¥ suggesting that the CPH
administered orally into the patients inhibits

day for 7 days

cytokine production from both T cells and
macrophages and potent effects on RA. The
degenerative joint disorder RA is charac—
terised by cartilage destruction and bone
erosion, resulting from mechanical wear or
following joint tissue inflammation, respec—
tively. The precise mechanisms responsible
for the differential pathogenesis of RA re—
main unknown,

CPH might be a useful tool for the treat—
ment of RA. It would be incredible if drugs
as powerful as this did not have serious
toxicity, but further studies will be neces—
sary to answer this question. The recom—
mended dose of CPH in the management and
treatment of rat RA will be 100 ¢ g/kg, which
is two—fifth of the human therapeutic dose.
However, biochemical and metabolic analysis
of the constituents of CPH have to be ana-—
lyzed to further delineate its mechanisms of
action in arthritis.

The exposure to Pi increased the intra—
cellular Pi level and caused chondrocyte

apaptosis. Although it is not clear whether
Pi—mediated apoptosis was receptor—medi—
ated, use of the Na—Pi cotransport inhibitor,
PFA, and the bisphosphonate, alendronate,
provided interesting insights into the mech-
anisms of Pi action?”. Because CPH blocked
apoptosis, the possibility exists that this
medicine can be used to protect chodrocytes
from completing their life cycle. At high
pharmacological concentrations, the drug di—
rectly activated components of the apoptotic
system (caspases). Bravo et ala) reported
that, when isolated mitochondria were treat—
ed with elevated levels of Pi, there were
irreversible changes in mitochondrial oxida—
tive—phosphorylating activity.

A number of more recent studies have
linked apoptosis directly with skeletal cell
functions. Thus, the drug to activate osteo—
clast apoptosis would be ideal for influencing
the remodeling rate, as suggested®. Thus,
it may be possible to regulate abnormal or
premature terminal differentiation of cells in
the growth plate, as well as to control
apoptosis in diseased cartilage.

Administration of CPH at 10ug/kg before
immunization of type II collagen effectively
prevented the development of CIA in rats.
It was discovered that CPH inhibited dihy—
droorotate dehydrogenase (DHO-DHase).
The apparent Ki value of CPH=843%43p
g/ml. As an example of DHO-DHase in-
hibitor, leflunomide is an effective and safe
treatment for patients with active RA%. The
anti—inflammatory and anti—immunosuppre—
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ssive properties of leflunomide are reported
to derive from the inhibition of DHO-D
Hase®” and tyrosine kinases®. Inhibition of
DHO-DHase depletes the orotate and sub—

sequently decreases
3D

uridine  monophos—

phate®”. As a critical level of uridine mono-
phosphate (ribonucleotides) is required to
stabilize p53*”, a lower level of uridine
monophosphate activates pb53 and subse-—
quently cells are arrested in the G,—phase
of the cell cycle®®®®. The effects of CPH on
the cell cycle were similar to that of an ac—
tive leflunomide. These suggest that CPH
may also activate p53. In conclusion, CPH is
a potent iphibitor of DHO—DHase and it ef—
fectively prevents the development of CIA,

VI. Conclusion

Protective and Anti—arthritic Effects of
Cervi Pantotrichum Cornu Herbal Acupunc—
ture, Inhibiting Dihydroorotate De—hydro—
genase, on Phosphate lons—mediated Chon—
drocyte Apoptosis and Rat Collagen—induced
Arthritis was studied. The results were as
follows.

1. The effect of 10xg/ml Cervi Pantotric—
hum Cornu herbal acupuncture(CPH) was
compared to that of phosphonoformic acid
(PFA), a competitive inhibitor of the Na-—Pi
co—transport on Pi—induced apoptosis in
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chondrocytes.

2. 1 mM/L PFA blocked anion—induced
cell death and prevented an increase in the
cell Pi content. In a parallel study, we de—
termined that the CPH also protected chon—
drocytes from death.

3. CPH inhibited rat liver dihydroorotate
dehydrogenase (DHO—DHase) in vitro with
Ki=843%43 ug/ml and the anti—proliferative
effect of CPH was caused by cell cycle ar—
rest at the S—phase.

4. Treatment with 300 mg/kg/day of CPH
completely prevented the development of
CIA based on the reduction of the arthritis
score. The 50% effective dose (EDso) of
CPH on arthritis score was 64 mg/kg.

5. CPH ameliorated body weight loss as—
sociated with disease onset. Importantly, and
suppressed the development of arthritis,
even when it was administered after a
booster immunization of collagen.
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