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(57) ABSTRACT

Disclosed is a therapy which is for preventing or treating
cartilage damage and diseases associated with cartilage
damage, such as arthritides and osteoarthritis, and utilizes a
more effective and more safe medicinal agent. Specifically
disclosed are a cartilage production promoter, a glu-
cosaminoglycan and/or proteoglycan production promoter,
and a prophylactic or therapeutic agent for diseases associ-
ated with cartilage damage, each of which comprises fucoi-
dan as an active ingredient.

4 Claims, 13 Drawing Sheets
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FIG. 1: Remarks obtained by macroscopic observing the damaged joint sites
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FIG. 8 image analysis results of damaged sites
age analysis
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FiG. 7. Difference in repair degree dependent on fucoidan molecular weight

Fucoidan: Cartilage-repairing effect dependent on molecular weight
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FiG. 8: Difference in repair degree dependent on fucoidan maodecutar weight {mactoscopic absenation)

Macroscopic evaluation: Dagree of filling into damagsed holes
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FIG. @ Difference 1 rapsiy degres dependent on fucaiden molecular waight
{through image analysis results of damaged sites)
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FIG. 100 Differancs in repair degrae depandant on fucoiden molecular weaight
{through nage analysis results of dameaged sites)

Image analysis: Cartilage matrix production amount
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FIG. 11: Histologicst remark of damaged sites
Histological remark: Alcian blue staining
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FIG. 120 Histological remark of damaged sites

Histological remark: Alctan blue staining
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FIG. 13; Histological remark of damaged sites

Histological remark: Alcian blue staining
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CARTILAGE PRODUCTION PROMOTER
AND PROPHYLACTIC OR THERAPEUTIC
AGENT FOR DISEASES ASSOCIATED WITH
CARTILAGE DAMAGE

RELATED APPLICATION

This application claims the benefit of the priority of
Japanese Patent Application No. 2009-73856 filed to the
Japanese Patent Office on Mar. 25, 2009. The patent appli-
cation to which this application claims priority is incorpo-
rated into the present specification by reference in its
entirety.

TECHNICAL FIELD

The present invention relates to a chondrogenesis pro-
moter, a glycosaminoglycan and/or proteoglycan production
promoter, and a prophylactic or therapeutic agent for a
cartilage damage and a disease due to a cartilage damage,
which contain a fucoidan as an effective component.

BACKGROUND ART

Cartilage is a tissue composed of a cartilage matrix and
cartilage cells (chondrocytes) spotted therein. The cartilage
matrix is composed of water, collagen, proteoglycan, and
others. Proteoglycan is a complex composed of a polysac-
charide called glycosaminoglycan, and a protein. Cartilage
fulfills various functions in the living body through the
elasticity thereof.

Diseases due to a cartilage damage include various dis-
eases such as arthrosis deformans, arthritis and rheumatism.
As therapeutic agents for these discases, many effective
components such as glucosamine (see Non-Patent Docu-
ment 1) and glucuronic acid (Patent Document 1) are
known.

Fucoidan is a polysaccharide contained in marine alga
(for example, mozuku (Nemacystus decipiens), Japanese
kelp (Laminaria japonica) etc.), and has been ingested from
early times by eating of these marine alga. Fucoidan has
many physiological activity functions such as immunos-
timulatory activity, adhesion-preventing activity and anti-
inflammatory activity (see Patent Documents 2 and 3, and
others).

Patent Document 4 describes that fucoidan promotes a
morphogenetic action of bone and cartilage. However, the
disclosure of Patent Document 4 is merely about an agent for
promotion of osteogenesis. Osteoblast is necessary to induce
bone, and chondroblast is necessary to induce cartilage.
Osteoblast and chondroblast are each derived by differen-
tiation or induction from undifferentiated cells in accordance
with different systems. Osteoblast and chondroblast are
entirely different cells, and are also different from each other
in their properties and functions. Osteoblast produces type |
collagen, and calcifies it with alkaline phosphatase activity,
s0 as to ossify. Chondroblast, which is cartilage cell precur-
sor, produces type II collagen or glycosaminoglycan and is
differentiation-induced to cartilage cell. The cartilage cell
synthesizes proteoglycan around the cells, thereby blocking
calcification and bone formation based on osteoblast to form
cartilage. For the formation of cartilage, ossification is
required to be inhibited. The cartilage formation is a pro-
moting of synthesis of proteoglycan by cartilage cell. Thus
the cartilage formation is a biological phenomenon which is
entirely different from the bone formation. In other words,
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2

Patent Document 4 discloses a reverse effect to a matter that
fucoidan promotes the formation of cartilage.

In Examples of Patent Document 4, results obtained by
administering fucoidan or the like directly into established
cell lines are disclosed. However, according to any ordinary
administering manner such as oral ingestion, fucoidan is
never directly contacted with osteoblast. In conclusion,
Patent Document 4 never discloses what effect is produced
when fucoidan is administered into an actual living body.

As described above, there has not been any finding that
fucoidan itself has an effect of promoting a chondrogenesis.

Patent Document 1: JP-A-2004-10533

Patent Document 2: JP-A-2005-82806

Patent Document 3: JP-A-2005-508893

Patent Document 4: JP-A-2004-10533

Non-Patent Document 1: Tamai et al., Carbohydrate Poly-
mers, 2002, vol. 48, pp. 369-378

DISCLOSURE OF THE INVENTION
Problems to be Solved by the Invention

Many patients suffer from arthropathy, and further it is
anticipated that patients of senile arthrosis will increase
hereafter as the population ages in Japan. In such a situation,
there are still desires for more useful therapeutic agents
capable of repairing a cartilage damage. It should be pre-
ferred that such therapeutic agents are safe and free from any
side effects, and can prevent disecases when routinely
ingested.

Means for Solving the Problems

The present inventors have intensively studied to solve
the problems, and a result, have found out fucoidan as a
substance for solving the problems. Thus, the present inven-
tion has been completed.

That is, the present invention provides:

(1) A chondrogenesis promoter comprising a fucoidan as
an effective component,

(2) The chondrogenesis promoter according to (1),
wherein the fucoidan has a molecular weight of 8,000 to
400,000,

(3) The chondrogenesis promoter according to (1),
wherein the fucoidan has a molecular weight of 50,000 to
150,000,

(4) A glycosaminoglycan and/or proteoglycan production
promoter comprising a fucoidan as an effective component,

(5) The glycosaminoglycan and/or proteoglycan produc-
tion promoter according to (2), wherein the fucoidan has a
molecular weight of 8,000 to 400,000,

(6) The glycosaminoglycan and/or proteoglycan produc-
tion promoter according to (2), wherein the fucoidan has a
molecular weight of 50,000 to 150,000,

(7) A pharmaceutical or veterinary medical agent compo-
sition for preventing or treating a cartilage damage and a
disease due to a cartilage damage, comprising a fucoidan as
an effective component,

(8) The pharmaceutical or veterinary medical agent com-
position according to (7), wherein the fucoidan has a
molecular weight of 8,000 to 400,000,

(9) The pharmaceutical or veterinary medical agent com-
position according to (7), wherein the fucoidan has a
molecular weight of 50,000 to 150,000,

(10) Use of a fucoidan in a production of a pharmaceutical
or veterinary medical agent composition for preventing or
treating a cartilage damage and a disease due to a cartilage
damage,
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(11) The use according to (10), wherein the fucoidan has
a molecular weight of 8,000 to 400,000,

(12) The use according to (10), wherein the fucoidan has
a molecular weight of 50,000 to 150,000,

(13) A method for preventing or treating a cartilage
damage or a disease due to a cartilage damage, which
comprises administering a fucoidan in an effective amount
to an animal,

(14) The method according to (13), wherein the fucoidan
has a molecular weight of 8,000 to 400,000, and

(15) The method according to (13), wherein the fucoidan
has a molecular weight of 50,000 to 150,000.

Effects of the Invention

According to the present invention, a chondrogenesis
promoter, a glycosaminoglycan and/or proteoglycan produc-
tion promoter, and a prophylactic or therapeutic agent for a
cartilage damage and a disease due to a cartilage damage,
which contain a fucoidan as an effective component, are
obtained. These are useful for preventing and treating, for
example, arthrosis deformans, senile arthrosis, and articular
rheumatism. Since these contain a fucoidan, which is a
natural substance contained in marine algae, these are high
in safety and give no side-effect.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows visual evaluation and comparison of the
extent of healing of damages in the control group and the
fucoidan-administered group.

FIG. 2 shows results obtained by staining proximal tro-
chlear grooves of the control group and those of the fucoi-
dan-administered group with alcian blue. The numbers 1, 2
and 3 show the rabbit individuals in the respective groups;
and the upper shows the control group, and the lower shows
the fucoidan-administered group.

FIG. 3 shows results obtained by staining distal trochlear
grooves of the control group and those of the fucoidan-
administered group with alcian blue. The numbers 1, 2 and
3 show the rabbit individuals in the respective groups; and
the upper shows the control group, and the lower shows the
fucoidan-administered group.

FIG. 4 shows results obtained by staining proximal tro-
chlear grooves of the control group and those of the fucoi-
dan-administered group with safranin-O. The numbers 1, 2
and 3 show the rabbit individuals in the respective groups;
and the upper shows the control group, and the lower shows
the fucoidan-administered group.

FIG. 5 shows results obtained by staining distal trochlear
grooves of the control group and those of the fucoidan-
administered group with safranin-O. The numbers 1, 2 and
3 show the rabbit individuals in the respective groups; and
the upper shows the control group, and the lower shows the
fucoidan-administered group.

FIG. 6 shows results obtained by analyzing alcian blue-
stained images and safranin-O-stained images of damaged
site samples.

FIG. 7 shows results obtained by analyzing alcian blue-
stained images and safranine-O-stained images about a
control group, and damaged site samples in which fucoidans
having a molecular weight of 239,000, and 330,000 were
each administered.

FIG. 8 shows visual evaluation and comparison of the
extent of healing of damages in a control group, and
fucoidan-administered groups in which fucoidans having
different molecular weights were each administered.
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FIG. 9 shows results obtained by analyzing alcian blue-
stained images of damaged site samples of a control group,
and fucoidan-administered groups in which fucoidans hav-
ing different molecular weight were each administered.

FIG. 10 shows results obtained by analyzing safranine-
O-stained images of damaged site samples of a control
group, and fucoidan-administered groups in which fucoi-
dans having different molecular weight were each adminis-
tered.

FIG. 11 shows results obtained by staining damaged sites
of a control group and groups of 8,000 and 50,000 in
molecular weight with alcian blue. Each image in the lower
in the view shows an enlarged image of a rectangular region
in the corresponding image in the upper.

FIG. 12 shows results obtained by staining damaged sites
of groups of 146,000, 239,000, and 330,000 in molecular
weight with alcian blue. Each image in the lower in the view
shows an enlarged image of a rectangular region in the
corresponding image in the upper.

FIG. 13 shows results obtained by staining damaged sites
of groups of 400,000, and 1,000,000 in molecular weight
with alcian blue. Each image in the lower in the view shows
an enlarged image of a rectangular region in the correspond-
ing image in the upper.

BEST MODE FOR CARRYING OUT THE
INVENTION

The present inventors have found out that fucoidan has a
function of promoting a chondrogenesis, and repairing a
damage of cartilage. The present inventors have further
found out that fucoidan promotes the production of gly-
cosaminoglycan and proteoglycan. Fucoidan is a polysac-
charide contained in marine algae (for example, mozuku
(Nemacystus decipiens) and Japanese kelp (Laminaria
Japonica) etc.), and has been ingested from early times by
the eating of these marine alga. Fucoidan has many physi-
ological activity functions such as immunostimulatory activ-
ity, adhesion-preventing activity, and anti-inflammatory
activity. However, there has not been any finding that
fucoidan itself has an effect of promoting the chondrogen-
esis.

In the first aspect, the present invention provides a chon-
drogenesis promoter containing a fucoidan as an effective
component.

In the second aspect, the present invention provides a
glycosaminoglycan and/or proteoglycan production pro-
moter containing a fucoidan as an effective component.

In the third aspect, the present invention provides a
prophylactic or therapeutic agent for a cartilage damage and
a disease due to a cartilage damage, containing a fucoidan as
an effective component.

The chondrogenesis promoter, the glycosaminoglycan
and/or proteoglycan production promoter and the prophy-
lactic or therapeutic agent for a cartilage damage and a
disease due to a cartilage damage, of the present invention,
are useful for preventing or treating symptoms related to a
cartilage damage, for example, arthrosis deformans, senile
arthrosis, articular rheumatism, spondylitis deformans,
articular sprain, and ligament damage.

The fucoidan used as an effective component in the
chondrogenesis promoter, the glycosaminoglycan and/or
proteoglycan production promoter and the prophylactic or
therapeutic agent thereof for a cartilage damage and a
disease due to a cartilage damage, of the present invention,
can be a purified product, or a roughly purified product, for
example, an extract from marine algae such as mozuku. The
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method or means for extracting fucoidan from fucoidan-
containing materials such as marine algae is well known.
The fucoidan used in the present invention can be in the
form of a solid (such as powder and granule), a liquid (such
as aqueous solution of fucoidan, fucoidan suspension and
extract from marine algae), or a semi-solid (such as paste).
In the present invention, a fucoidan-containing material can
be contained as an effective component. Preferred examples
of the fucoidan-containing material include marine algae, in
particular brown algae. Examples of fucoidan-containing
brown algae include mozuku (for example, okinawamozuku
(Cladosiphon okamuranus) and itomozuku (Nemacystus
decipiens)), wakame (Undaria pinnatifida), mekabu (sporo-
phyl of wakame), arame (Eisenia bicyclis), gagome (Kjell-
maniella crassifolia), Japanese kelp (Laminaria japonica),
kurome (Eckronia kurome), kajime (Kjellmaniella crassi-
falia), mitsuishikonbu (Laminaria angustata), yoremoku
(Sargassum siliquastrum), hiziki (Hizikia fusiformis), hon-
dawara (Sargassum fulvellum), yatsumatamoku (Sargassum
patens), akamoku (Sargassum horneri), Arctic wrack (Focus
evanescens), and umitoranoo (Sargassum thunbergii). How-
ever, the invention is not limited by the examples.

The chondrogenesis promoter, the glycosaminoglycan
and/or proteoglycan production promoter, and the prophy-
lactic or therapeutic agent for a cartilage damage and a
disease due to a cartilage damage, of the present invention,
can be in the form of a pharmaceutical composition. The
method for administering the composition is not particularly
limited, and can be any method such as an oral, injection, or
percutaneous method. An oral administration is preferred. In
the case of an oral administration agent, the composition can
be formulated into various oral agent forms such as con-
densate, powder, granule, tablet, capsule agent and drinking
agent. Methods for producing these agent forms are well
known, and the following processes can be appropriately
used: mixing, dissolving, pulverizing, tableting, drying, and
others. A carrier, or excipient can be used in accordance with
the purpose of the pharmaceutical composition. A flavor, a
sweetener, a colorant and/or some other can be appropriately
added to any oral administration agent of the present inven-
tion. The oral administration agent of the present invention
can be administered as it is, or can be administered in the
state that the agent is appropriately added to a food or drink
such as miso soup and tea since the fucoidan as an effective
component has no taste and smell.

The chondrogenesis promoter, the glycosaminoglycan
and/or proteoglycan production promoter, and the prophy-
lactic or therapeutic agent for a cartilage damage and a
disease due to a cartilage damage, of the present invention,
can be in the form of a food or drink. Since fucoidan itself
has no taste and smell, fucoidan is used to produce various
foods or drinks without producing any effect onto flavor and
taste. For example, miso soup or soup can be produced into
which fucoidan powder, or an fucoidan extract from mozuku
or some other is incorporated. Alternatively, the promoter or
agent of the present invention can be made into a form
obtained by concentrating a fucoidan extract from mozuku
or some other and packaging the concentrate into a package,
or subjecting the extract to freeze-drying or some other
treatment to make the concentrate into a powder or granular
form or some other form and then putting the resultant into
an appropriate packaging or container, or by subjecting the
extract to some other processing, and thereby, users them-
selves can add the promoter or agent of the present invention
to any foods or drinks to ingest.

The chondrogenesis promoter, the glycosaminoglycan
and/or proteoglycan production promoter, and the prophy-
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lactic or therapeutic agent for a cartilage damage and a
disease due to a cartilage damage, of the present invention,
can be a supplement containing a fucoidan or a fucoidan-
containing material. The supplement can be made into the
form of tablet, capsule agent, granule, powder, or some other
by a method well known by those skilled in the art. As
described herein, when the food or drink according to the
present invention is used, a user or a patient can ingest the
fucoidan routinely over a long term without hesitation. Thus,
the promoter or agent of the present invention can contribute
to the prevention and the treatment of the above-mentioned
diseases. The food or drink according to the present inven-
tion is useful also as a functional food.

A dose of the chondrogenesis promoter, the glycosamino-
glycan and/or proteoglycan production promoter, and the
prophylactic or therapeutic agent for a cartilage damage and
a disease due to a cartilage damage, of the present invention,
can be decided by those skilled in the art without difficulty.
For example, the amount of the fucoidan to be administrated
can be decided while the preventing or treating effect against
a target disease such as arthrosis deformans, senile arthrosis
and articular rheumatism is observed. The amount (dry
amount) of the fucoidan to be administered through the
agent of the present invention is usually from about 0.3 g or
more per day, preferably about 1 g or more per day for an
adult.

The chondrogenesis promoter, the glycosaminoglycan
and/or proteoglycan production promoter, and the prophy-
lactic or therapeutic agent for a cartilage damage and a
disease due to a cartilage damage, of the present invention,
can contain one or more effective components other than
fucoidan. Examples of the other effective component
include known anti-inflammatory agents, and other thera-
peutic agents (for example, glucosamine etc.) for diseases
due to a cartilage damage.

Furthermore, the present invention provides the use of a
fucoidan in the production of a chondrogenesis promoter, a
glycosaminoglycan and/or proteoglycan production pro-
moter, and a prophylactic or therapeutic agent for a cartilage
damage and a disease due to a cartilage damage.

In another aspect, the present invention provides a vet-
erinary medical agent, for preventing or treating a cartilage
damage and a disease due to a cartilage damage, that
contains a fucoidan as an effective component. The veteri-
nary medical agent can be in the form of a veterinary
medical agent composition. The method for administrating
the veterinary medical agent is not particularly limited, and
can be any method such as oral, injection and percutaneous
method. Oral administration is preferred. In the case of an
oral administration agent, the composition can be formu-
lated into various oral agent forms, such as condensate,
powder, granule, tablet, capsule agent and drinking agent.
Methods for producing these agent forms are well known,
and the following processes can be appropriately used:
mixing, dissolving, pulverizing, tableting, drying, and oth-
ers. A carrier, or excipient acceptable for veterinary medical
agents can be used. A flavor, a sweetener, a colorant and/or
some other can be appropriately added to any oral admin-
istration agent of the present invention. The veterinary
medical agent can contain one or more other effective
components other than fucoidan. Examples of the other
effective component include known anti-inflammatory
agents and therapeutic agents (for example, glucosamine
etc.) for diseases due to a cartilage damage.
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The present invention further provides the use of a
fucoidan in the production of a veterinary medical agent for
preventing or treating a cartilage damage and a disease due
to a cartilage damage.

The present invention further provides a method for
preventing or treating a cartilage damage and a disease due
to a cartilage damage in a target animal which includes a
human or does not include human, in which a fucoidan is
administered in an effective amount to the animal.

The molecular weight of the fucoidan as an effective
component in the present invention is preferably in the range
of 8,000 to 1,000,000, for example, 8,000 to 250,000,
250,000 to 500,000, 500,000 to 750,000, 750,000 to 1,000,
000, 8,000 to 350,000, 350,000 to 1,000,000, 50,000 to
1,000,000, 150,000 to 1,000,000, 250,000 to 1,000,000,
400,000 to 1,000,000 or the like. The molecular weight is
more preferably in the range of 8,000 to 40,000, for
example, 8,000 to 150,000, 150,000 to 250,000, 250,000 to
350,000, 350,000 to 400,000, 50,000 to 350,000, 50,000 to
400,000, 150,000 to 350,000, 150,000 to 400,000, 250,000
to 400,000 or the like. The molecular weight is even more
preferably in the range of 8,000 to 250,000, for example,
8,000 to 50,000, 50,000 to 100,000, 100,000 to 200,000,
8,000 to 150,000, 150,000 to 250,000, 50,000 to 250,000 or
the like. The molecular weight is further preferably in the
range of 50,000 to 150,000, for example, 50,000 to 100,000,
100,000 to 150,000 or the like. The molecular weight of
150,000 is most preferably.

The molecular weight of the fucoidan can be measured by
a well known method, for example, gel filtration chroma-
tography. Usually, pullulan having an already known
molecular weight is used as a marker when the molecular
weight is measured. Generally, the molecular weight of
polymeric compound is represented by the average molecu-
lar weight, the number-average molecular weight or the
weight-average molecular weight. In the specification, the
term “molecular weight” denotes weight-average molecular
weight unless otherwise specified. The weight-average
molecular weight can be calculated by a well known means
or method, and for example, can be calculated from the
pattern of gel filtration chromatography.

When any molecular weight is represented by a numerical
value in the specification, the molecular weight include
values in the range of about £20% of the numerical value.
For example, in the case of a molecular weight of 50,000,
this molecular weight includes molecular weight values of
about 40,000 to about 60,000.

Hereinafter, the present invention will be specifically
described in more detail by way of examples. However, the
present invention is not limited by the examples.

EXAMPLE 1
Example 1
Production of Damaged Models

As animal specimens, groups of female white rabbits
(weight: about 2.0 kg) were used, the number of the rabbits
in each of the groups being 3. The rabbits were habituated
to the environment for one week from the time of delivery.
Thereafter, 0.1 mg/kg of medetomidine was subcutaneously
injected into each of the rabbits, and 25 mg/kg of Ketalar
was intramuscularly injected thereto. About each of the
rabbit specimens subjected to the injection anesthesia, the
left knee joint was shaved, and then disinfected. Thereafter,
approaching from the outside of the knee joint, the articular
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capsule was opened and the knee joint was exposed com-
pletely by shifting the patella to the inside. With reference to
the experiment of Tamai et al. (Carbohydrate Polymers,
2002, vol. 48, pp. 369-378), three holes of 2 mm in diameter
and 4 mm in depth were bored with a hand-drill at the
proximal trochlear groove, distal trochlear groove, and the
medial trochlear ridge. Thereafter, the sites were sufficiently
rinsed, and then the articular capsule was sutured with
3-0PDS (polydioxanone). The subcutaneous tissue and the
skin were simultaneously sutured with stainless steel wires.
After the operation, 0.5 mg/kg of atipamezole was diluted
and subcutaneously injected two times per day to wake the
rabbits.

From the day of the operation, initially every day, water
(50 mL) in which 1 g of a fucoidan was dissolved were
dosed to the rabbits in the fucoidan-administered group by
natural intake. Thereafter, water was given to the rabbits to
drink freely. This was continued for 3 weeks. Only water
was given to the rabbits in the control group. During this
period, there were no signs of side effects or the like in the
fucoidan-administered group.

After the end of the fucoidan-administering term of the
three weeks, the rabbit specimens in each of the fucoidan-
administered group and the control group were euthanized,
and then the operated site was exposed.

EXAMPLE 2
Example 2
Macroscopic Observation of the Degree of Healing

The operated site of the left femur in each of the damaged
models in Example 1 was macroscopically observed. About
the degree of healing after the 3 weeks, many of the damages
were satisfactorily cured in the fucoidan-administered
group. In the control group, many of the damages were not
cured. The degree of healing of each of the damages was
scored on the basis of Table 1, and evaluated.

TABLE 1

Remark through macroscopic observation Score
Healing rate of less than 50% 0
Healing rate of 50% or more and less 1
than 60%

Healing rate of 60% or more and less 2
than 80%

Healing rate of 80% or more 3

The results were as shown in FIG. 1. From the results, in
the fucoidan-administered group, good therapeutic results
were obtained in the proximal trochlear groove and the distal
trochlear groove. In the control group, the damaged sites
were filled with collagen fibers, fibroblasts and others. By
contrast, in the fucoidan-administered group, the damaged
sites were substituted with chondroblasts and cartilage tis-
sues.

EXAMPLE 3
Histological Observation

The left femur of each of the damaged models in Example
1 was recovered, and then fixed with a 10% neutral buffered
formalin aqueous solution (formaldehyde solution). The
tissue was then decalcified with a 5% formic acid solution
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under shaking. After the decalcification, the tissue was
neutralized with a 5% sodium sulfate solution, and washed
with water and then dehydrated. The tissue piece in which
the decalcification had been completed was cut so that the
repaired sites were positioned on a vertical cross section.
Thereafter, the cut tissue was embedded with paraffin in the
usual manner, and then sliced with a microtome into thin
pieces in thickness of 5 um. The resultant tissues were used
and each stained with alcian blue (AB) and safranin-O (SO)
to prepare samples for histological observation. The samples
were observed with a microscope, and subjected to image
analysis. About the image analysis, a 200-power image of
each of the repaired sites was digitized by use of Photograb
ab-300 version 1.0 (Macintosh Software, Adobe Systems
Inc., Tokyo). Pixels, the number of which was 20,000, were
set at random in 6 positions of the image. The number of
pixels in which a target color tone occupied was measured.
The obtained numerical value was subjected to statistical
processing (t-test).

(a) Observed Results of the Staining with Alcian Blue

FIGS. 2 and 3 show results obtained by observing, with
the microscope, the proximal and distal trochlear groove in
the tissue samples stained with alcian blue. In the fucoidan-
administered group, the repaired regions were stained into
blue (densely colored regions in the figures). Thus, it showed
that a large amount of glycosaminoglycan was contained. By
contrast, stained regions were hardly observed in the control
group.

(b) Observed Results of the Staining with Safranin-O

FIGS. 4 and 5 show results obtained by observing, with
the microscope, the proximal and distal trochlear groove in
the tissue samples stained with safranin-O. In the fucoidan-
administered group, the repaired regions were stained
(densely colored regions in the figures). Thus, it showed that
a large amount of proteoglycan was contained. By contrast,
stained regions were hardly observed in the control group.

(c) Results of the Image Analysis

FIG. 6 shows results obtained by analyzing the images
stained with alcian blue and the images stained with safra-
nin-O by the above-mentioned method. According to the
results, the fucoidan-administered group exhibited a signifi-
cantly higher value about each of the two stains than the
control group. Thus, it showed that glycosaminoglycan and
proteoglycan were present in a significantly larger amount in
the fucoidan-administered group.

According to the results of Examples 2 and 3, it is
considered that, in the fucoidan-administered group, the
production of glycosaminoglycan and proteoglycan were
promoted in the cartilage tissues and that the repair of the
cartilage tissues was promoted.

EXAMPLE 4
Example 4

Comparison in the Effects Between Fucoidans
Having a Molecular Weight of 239,000 and
330,000

In the production of the same damaged models as in
Example 1, fucoidans having a molecular weight of 239,000
and 330,000 were each administered in fucoidan-adminis-
tered groups. Each of the administered groups were sub-
jected to staining with alcian blue and safranin-O, and image
analysis, according to the method of Example 3.

FIG. 7 shows results about the groups in which the
fucoidan having the different molecular weights were each
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administered and the control group. The results were
obtained by analyzing the images stained with alcian blue
and the images stained with safranin-O by the above-
mentioned method. According to the results, in each of the
fucoidan-administered groups, the production of gly-
cosaminoglycan and proteoglycan were promoted. In the
group in which the smaller-molecular-weight, which was
239,000, fucoidan was administered, glycosaminoglycan
and proteoglycan were each produced in a larger amount.

EXAMPLE 5
Example 5

Comparison 1 in the Effects Between Fucoidans
Having Molecular Weights Different from Each
Other; Production of Damaged Models

In the production of the damaged models of Example 1,
damaged model groups in which fucoidans having a molecu-
lar weight of 8,000, 50,000, 146,000, 239,000, 330,000,
400,000, and 1,000,000 were each administered were pro-
duced.

EXAMPLE 6
Example 6

Comparison 2 in the Effects Between Fucoidans
Having Molecular Weights Different from Each
Other; Macroscopic Observation of the Degree of
Healing

The operated sites of the left femurs in each of the
damaged model groups in Example 5 were macroscopically
observed. About each of the damaged model groups, the
degree of healing was evaluated on the basis of the criterion
in Example 2. The obtained numerical values were subjected
to a multiple comparison test according to Turkey-Kramer
method. The results were as shown in FIG. 8. From the
results, all of the fucoidan-administered groups were better
in therapeutic results than the control group. In particular,
the groups of 50,000, 146,000, and 400,000 in molecular
weight showed better results.

EXAMPLE 7
Example 7

Comparison 3 in the Effects Between Fucoidans
Having Molecular Weights Different from Each
Other; Histological Observation

Each of the damaged model groups in Example 5 was
histologically observed according to the method in Example
3. The obtained numerical values were subjected to a
multiple comparison test according to Turkey-Kramer
method. The results of the image analysis are shown in
FIGS. 9 and 10. From the results, all of the fucoidan-
administered groups were better in therapeutic results than
the control group. In particular, the groups of 50,000,
146,000, and 239,000 in molecular weight showed better
results. The group of 146,000 in molecular weight showed
the best results.

FIGS. 11 to 13 show microscopically observed results of
the alcian blue-stained samples of the control group, and
each of the damaged model groups. White dots observed in
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the fucoidan-administered groups represent chondroblasts.
As shown by enlarged images in the lower, it was observed
that chondroblasts were activated in each of the damaged
models. In the group 146,000 in molecular weight, which
showed the best results, it was observed that chondroblasts
were further activated.

INDUSTRIAL APPLICABILITY

The present invention is directed to a chondrogenesis
promoter, a glycosaminoglycan and/or proteoglycan produc-
tion promoter, and a prophylactic or therapeutic agent for a
cartilage damage and a disease due to a cartilage damage,
which contain a fucoidan as an effective component. The
present invention provides, for example, a pharmaceutical
composition or a food or drink. Thus, the present invention
is usable in the field of pharmaceuticals, foods and drinks,
and others.

The invention claimed is:

1. A method for promoting chondrogenesis in a human or
animal that has arthritis, comprising orally administering an
effective amount of a fucoidan having a molecular weight of
146,000 to the human or animal that has arthritis.

2. A method for promoting glycosaminoglycan and/or
proteoglycan production in a human or animal that has
arthritis, comprising orally administering an -effective
amount of a fucoidan having a molecular weight of 146,000
to the subject human or animal that has arthritis.

3. The method according to claim 1, wherein the fucoidan
is derived from mozuku (Nemacystus decipiens).

4. The method according to claim 2, wherein the fucoidan
is derived from mozuku (Nemacystus decipiens).

#* #* #* #* #*
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