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1. Introduction laceae) has been widely used for the treatment

of various diseases in oriental medicine. Herbs

Clematis mandshurica Rupr. (Ranuncu- of Clematis family have been used to treat
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infections™?.

Osteoarthritis is a painful degenerative
joint disease and a major cause of disability
and represents the most common disease in
the aging population®”. In addition, the osteo-
arthritis can originate from various causes,
with trauma and concomitant synovitis of
knee joint, and inflammatory mediator includ-
ing interleukin-1 (H.-1), tumor necrosis fact-
or-alpha (TNF-alpha), matrix metalloprotei-
nases (MMPs), and nitric oxide (NO) play im-
portant roles in the pathogenesis of osteo-
arthritis®.

NO, synthesized from L-arginine throu-
gh calcium-dependent pathways by nitric oxi—
de synthase (NOS), is a free radical with sig—
naling functions in the central nervous system
(CNS). NO has been implicated in the regu-
lation of autonomic functions, and it has been
shown to play important roles in the neural,
vascular, and immune systems®. Several iso-
forms of NOS exist and fall into three major
classes: inducible NOS (NOS), endothelial
NOS (eNOS), and neuronal NOS (nNOS). Of
these, nNOS is mainly expressed in the CNS
and has been implicated in signal transmis-
sion®”.

The midbrain periaqueductal gray (PAG)
is believed to be an important component in
the descending (endogenous) pain control sys-—
tem®. The descending pain control system is
activated by electrical stimulation and local
injection of morphine-like narcotics or opioid
peptides at the PAG*™. In immunohistoche-
mical studies, the presence of NOS-staining
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neurons has been demonstrated in the dorso-
lateral PAG (DL-PAG).

In the present study, the effect of aque-
ous extract of Clematis mandshurica on the
expression of NOS and nNOS in the DL-PAG
was investigated via nNOS immunohistoche-
mistry, and nicotinamide adenine dinucleotide
phosphate-diaphorase (NADPH-d) histoche—
mistry, which takes advantage of the fact that
NADPH-d-positive neurons are the same as
those containing NOS”.

IT. Materials & Methods

1. ‘Animals :and Treatments

Male Sprague-Dawley rats weighing
200 + 10 g (6 weeks of age) were used for the
experiment. Each animal was housed at a
controlled temperature (20 + 2 €) and was
maintained under light-dark cycles, each cycle
consisting of 12 h of light and 12 h of dark-
ness (lights on from 07:00 h to 19:00 h), with
food and water made available ad ﬁbitum. The
experimental procedures were performed in
accordance with the animal care guidelines of
the NIH and the Korean Academy of Medical
Sciences. Animals were divided into three
groups: the control group, the osteoarthritis
(OA) group, the OA and Clematis mandshu-
rica~treated group (n = 8 in each group).

To induce osteoarthritis in the experi-
mental animals, a single intra-articular injec~
tion of collagenase (50 mg/kg in saline; Sigma
Chemical Co., St. Louis, MO, USA) into. the
knee joint was given to each anesthetized
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animal on the first day and the third day of
the experiment respectively, while animals of
the control group received equivalent amounts
of normal saline. Animals of the Clematis ma-
ndshurica-treated groups were administered
per os (P.0O.) with aqueous extract of Clematis

mandshurica at the 5 mg/kg dose for 15 days.

2. Preparation of Clematis mandshurica

To obtain the water extract of Clematis
mandshurica, 200 g of Clematis mandshurica
was added to distilled water, and extraction
was performed by heating at 80 C, concentr-
ated with a rotary evaporator and lyophilized.
The resulting powder, weighing 30 g (15 %),

was dissolved in saline.

3. Tissue preparation

Animals were weighed and overdosed
with Zoletil 50 (10 mg/kg, i.p.; Vibac Labora-
tories, Carros, France). After a complete lack
of response was observed, the rats were tra-
nscardially perfused with 50 mM phosphate-
buffered saline (PBS) and then with 4 %
paraformaldehyde in 100 mM phosphate buffer
(PB) at pH 7.4. The brains were dissected,
postfixed in the same fixative overnight, and
transferred into a 30 % sucrose solution for
cryoprotection. Serial coronal sections of 40 g
m thickness were made using a freezing

microtome (Leica, Nussloch, Germany).

4. NADPH-d histochemistry

For NADPH-d activity, ten sections on

average were selected from each brain in the
region spanning from Bregma -5.30 mm to
-830 mm according to the atlas by Paxinos
and Watson'?. In brief, free-floating sections
were incubated at 37 € for 60 min in 100 mM
PB containing 0.3 % Triton X-100, 0.1 mg/ml
nitroblue tetrazolium, and 0.1 mg/ml NADPH.
The sections were then washed three times
with PBS and mounted onto gelatin—coated
slides. The slides were air-dried overnight at
room temperature, and coverslips were moun-—

ted using Permount.

5. nNOS immunohistochemisiry

For analyzing the level of nNOS expres—
sion, ten sections on average were selected
from each brain in the region spanning from
Bregma -5.30 mm to -8.30 mm according to

2 Free-

the atlas by Paxinos and Watson'
floating tissue sections were washed twice in
50 mM PBS and were then permeabilized in
0.2 9% Triton X-100 for 30 min. After washing
twice with PBS, sections were incubated
overnight with mouse anti-nNOS antibody
(Santa Cruz Biotechnology, Santa Cruz, CA,
USA) at a dilution of 1:1000. Sections were
washed twice in PBS and incubated for 1 h
with biotinylated anti-rabbit antibody (1:200).
Bound secondary antibody was then amplified
with Vector Elite ABC kit (Vector Laborato-
ries, Burlingame, CA, USA). The antibody-
biotin—avidin—peroxidase complexes were vis—
ualized using 0.05 % diaminobenzidine. The
sections were mounted onto gelatinized glass

slides and air-dried, and cover slides were
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Fig. 1. Photomicrographs of nicotinamide adenine dinucleotide phosphate-diaphorase (NADPH-d)-positive
cells in the dorsolateral periaqueductal gray (DL-PAQG). Sections were stained for NOS (blue).
Scale bar represents 100 z m. A; Control group, B; Osteoarthritis group, C; Osteoarthritis and Clematis
mandshurica-treated group.

mounted using Permount.

6. Data analysis

The area of PAG was measured using
Image-ProPlus image analyzer (Media Cyber—
netics Inc., Silver Spring, MD, USA). The to-
tal numbers of nNOS-positive and NADPH-d
—positive neurons in the PAG were counted
hemilaterally under a light microscope (Olym-
pus, Tokyo, Japan), and the results were ex-
pressed as numbers of nNOS-positive and
NADPH-d—positive cells per section of the
area of the PAG region.

7. Statistical analysis

Data were analyzed using SPSS (ver-
sion 10.0) by one-way analysis of variance
(ANOVA) followed by Student’s t-test, and
results were expressed as mean standard err-
or mean (S.EM.). Differences were considered

significant for p < 0.05.

[l. Results

1. Effects of Clematis mandshurica on the
number of NADPH-d-positive cells in the
DL-PAG

NADPH-d—positive cells were mainly
Jocalized in the dorsolateral area of the PAG,

consistent with the findings of Rodella et al.®.

120

A B C

Number of NADPH-d-positive cells (per section)

Fig. 2. Mean number of NADPH-d-positive cells
in the DL-PAG in each group. A; Control
group, B; Osteoarthritis group, C; Osteoar—
thritis and Clematis mandshurica-treated
group. *represents P < 0.05 compared to
the control group. #represents P < 0.05
compared to the Osteoarthritis group.
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Fig. 3. Photomicrographs of neuronal nitric oxide synthase (nNOS)-positive cells in the dorsolateral
periaqueductal gray (DL-PAG). Sections were stained for NOS (reddish brown). Scale bar
represents 100 4 m. A; Control group, B; Osteoarthritis group, C; Osteoarthritis and Clematis
mandshurica-treated group.

The number of NADPH-d-positive cells in
the control group was 10044 + 1.56/section.
This number was decreased to 63.96 + 3.10/
section in the OA group but was increased
again to 79.36 + 2.57/section in the OA and

Clematis mandshurica-treated group.
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Fig. 4. Mean number of neuronal nitric oxide
synthase (nNOS)-positive cells in the
DL-PAG in each group. A; Control group,
B; Osteoarthritis group, C; Osteoarthritis
and Clematis mandshurica-treated group.
*represents P < 0.06 compared to the control
group. #represents P < 0.05 compared to
the Osteoarthritis group.

2. FEffects of Clematis mandshurica on the
number of nNOS-positive cells in the
DL-PAG

A similar pattern was observed for NOS
expression. The number of nNOS—positive cells
in the control group was 109.00 + 2.57/section.
This number was decreased to 8691 + 1.75/
section in the OA group but was increased
again to 101.06 + 2.74/section in the OA and

Clematis mandshurica-treated group.

IV. Discussion

The purpose of the present study was to
investigate whether aqueous extract of Cle-
matis mandshurica administration alters NOS
expression in the PAG region of collagenase-
induced osteoarthritis model. In the present
study, Clematis mandshurica modulated oste-
oarthritis-induced NOS expression associated
with inflammation and pain in the PAG region
of CNS.

Recently, alternative and complementary

approaches such as the use of a wide array of
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natural, herbal, nutritional, and physical mani-
pulations are becoming popular. For instance,
dietary supplements containing soy protein or
Harpgophytum procumbens extract have been
shown to have some efficacy against the sy-
mptoms of osteoarthritis**'®, Herbs of Clema-

tis family possessed diuretic activityw)

microbial activitym, and anti-inflammatory
activity™?. In addition, purified extract from

the mixture of three oriental herbs including

, anti-

Clematis mandshurica protect against collage—
nase-induced rabbit osteoarthritis models by
reducing proteoglycan degradation in cartila-
ge!®,

Osteoarthritis is the most common joint
disorder and a major contributor to disability
in the elderly™. Although there is a lack of
agreement regarding the definition of osteoar-
thritis, it is generally viewed as a degenera-
tive disorder involving cartilage degradation.
Typically, the degenerative changes are acco-
mpanied by a local inflammatory  component
that accelerates the joint destruction.

NO has been implicated in the patho-
genesis of osteoarthritis and rheumatoid arth-
ritis in experimental animal models of arthri-
tis*”. Previous studies have shown that me-
chanical stress is an important modulator of
NO in several cell types, including endothelial
20 osteocyteszz), and osteoblasts®. In

articular cartilage, NO production is increased

cells

in chondrocytes exposed to fluid shear stress,
while in isolated chodrocytes embedded in
agarose, intermittent compression can decrea-

se NO production®. Possible role of NO as an

inflammatory mediator remains controversial.
In particular, many studies have been made on
NO release in osteoarthritis—affected chodro-
cytes or osteoblasts, however no report has
been made on the effect of osteoarthritis on
the activity of PAG containing NOS, yet. In
the present, decreased expression of nNOS
and NOS was observed in the DL-PAG of
collagenase-induced osteoarthritis rats. In the
present results, decreased expression of nNOS
and NOS was observed in the DL-PAG of
collagenase-induced osteoarthritis rats, provi-
ding physiological evidence of the involvement
of NOS in the osteoarthritis. Because of the
involvement of neuropathogenesis in collage-
nase-induced. osteoarthritis, it appears logical
that drug which modulates NOS may be of
use in reducing osteoarthritis-induced neuro-
nal change.

V. Conclusion

In the present results, the aqueous ex-—
tract of Clematis mandshurica treatment was
enhanced the osteoarthritis-induced suppres-
sion in the expression of nNOS and NOS in
the DL-PAG. The present results suggest that
Clematis mandshurica can exert its analgesic
effects probably by modulating NOS expres-
sions, and it is very possible that Clematis
mandshurica can offer a valuable mode of
therapy for the treatment of osteoarthritis.
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