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[57] ABSTRACT

The present invention relates to shark cartilage extracts and
to a method of producing the same, these extracts having
anti-angiogenic properties (reduction of the area of blood
vessels observed in vivo on experimentally induced tumors),
tumor regressive activity in vivo as well as demonstrating a
direct inhibitory effect on tumor cell lines. This process does
not involve any denaturing solvent or product and does not
involve the use of any enzymes. It consists of obtaining a
blend of whole cartilage in an aqueous solution of neutral
pH, preferably pure water, this blend being centrifuged and
the pellet and supernatant kept for further processing. The
pellet is lyophylized and tested for anti-tumor and anti-
angiogenic activities in vivo and in vitro, with or without
supernatant. The supernatant has been shown to have anti-
angiogenic and tumor regressive activities in vivo. The
composition of the supernatant has then been investigated by
different ways. Fractionation of this supernatant led to the
characterization of some of its active components. The
fractions were tested for their direct in vitro activity on
cancer cell lines. Therefore, it is assumed that the non-
fractionated supernatant has such an in vitro activity. Lyo-
philization substantially destroys the activity of these liquid
fractions while no such abolition is observed in the solid
extract.

28 Claims, 14 Drawing Sheets
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EXTRACTS OF SHARK CARTILAGE
HAVING AN ANTI-ANGIOGENIC ACTIVITY
AND AN EFFECT ON TUMOR
REGRESSION; PROCESS OF MAKING
THEREOF

This is a continuation-in-part (CIP) of application Ser.
No. 08/234,019, filed on Apr. 28, 1994 which was aban-
doned upon the filing hereof.

BACKGROUND OF THE INVENTION

Cartilage is a avascularized tissué and has been studied as
a potential candidate containing anti-angiogenic factors. It is
also a tissue which is relatively resistant to tumor develop-
ment. The tumor associated with cartilage, chondrosarcoma,
is the least vascularized of solid tumors. Angiogenesis is one
of the important factors in the development of a tumor.
Discrete solid tumoral masses appear if the tumor cells can
provoke the adjacent vascular network to expand to supply
their nutritional needs. Therefore, the factors involved in the
stimulation of angiogenesis have been studied for their role
in the development of tumor and anti-angiogenic factors as
well as drugs having an angiogenic inhibitory activity have
been also investigated as tools for controlling the growth or
for effecting regression of tumors.

It has been discovered that scapular cartilage in calves
contains a substance that inhibits the vascularization of solid
tumors (Langer et al., 1976). Because of its encouraging
potential as anti-tumor agent, sources of greater supply of
cartilage have been looked for.

Sharks are animals being a potential source of this kind of
angjogenesis inhibitor because their endoskeleton is com-
posed entirely of cartilage (6% of their body weight versus
0.6% in calves). Sharks have also as an interesting charac-
teristic a low propensity to developing tumors. Many
hypotheses have been elaborated to explain this low prob-
ability of developing tumors in sharks. Marchalonis et al.
(1990) have shown IgM antibodies able to readily attack any
aggressing agent. McKinney et al. (1990) have shown that
sharks have macrophages capable of differentiating normal
cells from neoplastic cells and of destroying the latter. Rosen
and Woodhead (1980) have postulated that the rarity of
tumors in elasmobranchs (a group to which pertain sharks
and rays) might be due to the high ionic strength of their
tissues, which is equivalent to a high body temperature. In
these conditions, these authors believe that the immune
system exerts a close to 100% immunological surveillance.
Moore et al. (1993) have discovered that sharks produce an
aminosterol having antibacterial and antiprotozoal proper-
ties. Finally, Lee and Langer (1983) and Folkman and
Klagsbrun (1987) have shown that sharks produce a sub-
stance which inhibits neovascularization. Lee and Langer
(op.cit.) have isolated this substance by extracting it from
shark cartilage in denaturing conditions (guanidine extrac-
tion). This process of extraction is however very long (41
days) and might generate extracts having denatured factors.
While the active substance isolated from calves has a
molecular weight of about 16 kilodaltons (kd), the same
group of researchers have not given a precise molecular
weight to the one retrieved in sharks. This substance is only
defined has having a molecular weight higher than 3500
daltons. Oikawa et al. (1990) have applied the same method
of extraction as the one described by Lee and Langer, but of
a much shorter duration (2 days instead of 41 days). The
substance isolated from shark cartilage by Oikawa et al. has
a molecular weight ranging from 1000 to 10000 daltons.
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Schinitsky (U.S. Pat. No. 4,473,551) has described a water
extract of crude powdered shark cartilage which fraction of
more than 100,000 Daltons has an anti-inflammatory activ-
ity alone or in combination with glucosamine. No sugges-
tion of a component of this extract having an anti-angiogenic
or anti-tumor activity is made in this patent. Kuetner et al.
(U.S. Pat. No. 4,746,729) have isolated a polymorpho-
nuclear neutrophil (PMN) elastase inhibitor from bovine

- cartilage. This inhibitor has been obtained from an aqueous

extract of cartilage from which molecules of a molecular
weight of more than 50,000 Daltons have been retained.
Fractionnation on Sephacryl S-200 has given munerous
fractions from which those Of 10-40 kD have been pooled
after they have demonstrated an anti-elastase activity. The
active component has an isoelectric point of 9.5 and might
have a molecular weight of about 15,000 Daltons. Kuetner
etal. (U.S. Pat. No. 4,042,457) have also shown that bovine
cartilage has a component of a molecular weight of less than
50,000 Daltons. which has a cell proliferation inhibitory
activify without any activity on endothelial cell growth.
Spilburg et al. (U.S. Pat. No. 4,243,582) have isolated two
glycoproteins of molecular weight of 65 KD and of pl 3.8
from bovine cartilage (guanidine-extraction) which show
anti-trypsin activity and an endothelial cell growth inhibi-
tory activity. ’

Calf and shark cartilage contain many biological activities
such as lysozyme activity, cell growth-promoting activity,
inhibitory activity against types I and IV collagenase,
elastase, and against proteases like trypsin, chymotrypsin
and plasmin.

Methods of obtaining a shark cartilage extracts and frac-
tions are already known. Some of them produce a powdered
crude cartilage without any extraction (U.S. Pat. No. 5,075,
112), others use denaturing agents like guanidine (U.S. Pat.
No. 4,243,582), or enzymatic reaction to get rid of any
muscular, nervous or vascular structures surrounding the
cartilage and organic solvents to eliminate fats (U.S. Pat.
Nos. 3,478,146, 4,350,682 and 4,656,137) and to obtain an
extract of cartilage, while others simply produce aqueous
extracts (in water (U.S. Pat. No. 4,473,551) or salt solutions
(U.S. Pat. No. 4,746,729)) of cartilage by eliminating the
unsolubilized material. Among the latter, specific fractions
of specific molecular weights have been particularly retained
for further study and purification (see discussion above).

Summing up, shark cartilage is known as containing
anti-angiogenic component(s) generally tested in rabbit cor-
neal pocket assay or in chick choricallantoic membrane
(CAM) assay. Up to date, whole powdered cartilage has
been tested directly en tumors in vivo, on human melanoma
xenograft implanted in nude mice (U.S. Pat. No. 5,075,112),
as well as tested in CAM for its anti-angiogenic effect.
However, no evidence has been brought to a direct effect of
cartilage extract on tumor cells.

Angiogenesis is not only involved in cancer development.
Many diseases or conditions affecting different physiologi-
cal systems (indicated in parentheses) are angiogenesis-
dependent among which the following examples: arthritis
and atherosclerotic plaques (bone and ligaments), diabetic
retinopathy, neovascular glaucoma, trachoma and corneal
graft neovascularization (eye), psoriasis, scleroderma,
hemangioma and hypertrophic scarring (skin), vascular
adhesions and angiofibroma (blood system). Therefore, any
new anti-angiogenic factor could find a use in the treatment
of these diseases as well as in cancer therapy.

STATEMENT OF THE INVENTION

The present invention relates to a method of producing
extracts having anti-angiogenic properties (reduction of the



5,618,925

3

arca of blood vessels observed in vivo on experimentally
induced tumors), tumor regressive activity in vivo as well as
demonstrating a direct inhibitory effect on tumor cell lines.
These extracts come from the cartilage of sharks commonly
called Common Spiny dog Fish and Black Spiny dog fish
(Squalus acanthias). This process does not involve any
denaturing solvent or product and does not involve the use
of any enzymes. It consists of obtaining a blend of whole
cartilage in an aqueous solution of neutral pH, preferably
pure water, this blend being centrifuged and the pellet and
supernatant kept for further processing. The pellet is lyo-
phylized and tested for anti-tumor and anti-angiogenic
activities in vivo and in vitro, with or without supernatant.
The supernatant has been shown to have anti-angiogenic and
tumor regressive activities in vivo. The composition of the
supernatant has then been investigated by different ways.
Fractionation of this supernatant led to the characterization
of some of its active components. The fractions were tested
for their direct in vitro activity on cancer cell lines. There-
fore, it is assumed that the non-fractionated supernatant has
such an in vitro activity. Lyophilization substantially
destroys the activity of these fractions and it should be
emphasized that a clear difference is made between solid and
liquid extracts and fractions thereof.

Therefore, this invention relates to a cartilage lyophilizate
or solid extract, a liquid cartilage extract and to liquid
fractions thereof, as well as a process for the obtention of all
of them. Finally, this invention relates to the use of cartilage
extracts in the treatment of angiogenesis-dependent dis-
eases. Preliminary clinical trials have shown the efficacy of
pharmaceutical compositions containing a concentrated
unfractionated liquid extract in the improvement of the
condition of patients suffering of angiogenesis-dependent
diseases. Among them, dermatological disorders like pso-
riasis and ome case of prostate cancer were successfully
tested. Acnae which is another dermatological disorder not
documented as an angiogenesis-dependent disease has been
also surprisingly successfully treated. The excessive neovas-
cularization is a recognized feature of hypertrophic scarring
in burned patients. Compositions containing the cartilage
extract of the present invention are currently tested to
prevent this phenomenon. Pharmaceutical compositions
containing as an active ingredient the liquid cartilage extract
are also an object of this invention.

BRIEF DESCRIPTION OF THE FIGURES

The present invention will be more readily understood by
the following specific embodiments which are comple-
mented by the following figures, which purpose is to illus-
trate the invention rather than to limit its scope:

FIG. 1 shows the inhibitory activity of increasing doses of
shark cartilage (solid extract) on ZR75-1 and MCF-7 cells.

FIG. 2 illustrates dose-response curves the quantity of
MCF-7 cells measured by their DNA content in the presence
of increasing concentration of estradiol with or without two
concentrations of cartilage lyophilizate.

FIGS. 3a) and b) show a comparison of liver sections of
rats having developed a mammary gland cancer which have
been administered by gavage a combination of cartilage
lyophilizate and supernatant and those which have been
administered only water. Cytoplasm and nuclei of paren-
chymal cells show a normal appearance (Magnification=
200x).

FIGS. 44) and b) show a comparison of kidney sections
of rats having developed a mammary gland cancer which
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have been administered by gavage a combination of carti-
lage lyophilizate and supernatant and those which have been
administered only water. All the tubular cells appear normal
with clear and well dclimited cytoplasm. The tubular lumen
are empty and no desquamated cells are present therein
(Magnification=200x).

FIGS. 5a) and b) show a comparison of lung sections of
rats having developed a mammary gland cancer which have
been administered by gavage a combination of cartilage
lyophilizate and supernatant and those which have been
administered only water. The wall of a bronchiole (B) and of
alveoli (A) appear intact with well delimited epithelial cells.
Lumen are free of desquamated cells (Magnification=200x).

FIGS. 6a) and b) show a comparison of mammary gland
tumor sections of rats having developed such a tumor which
have been administered by gavage a combination of carti-
lage lyophilizate and supernatant and those which have been
administered only water. In FIG. 6a), blood vessels are
numerous and some of them (v) are large. In FIG. 6b), a
decrease in the number and size of blood vessels (v) is
observed. This provides the appearance of a more compact
tissue (Magnification=120x).

FIG. 7 is an histogram derived from FIGS. 6a) and b),
illustrating the effect of cartilage extract on blood vessel area
in tumors.

FIG. 8 represents the electrophoretic profile in non-
denaturing conditions of liquid fractions separated on Roto-
for; molecular weight markers appear at the left followed by
a sample of the crude permeate before fractionation, for
comparison with the isolated fractions.

FIGS. 9a) and 9b) illustrate the significant improvement
of the condition of a patient suffering of psoriasis compli-
cated with hyperkeratosis, when trcated with a topical com-
position containing an effective amount of concentrated
liquid cartilage extract (FIG. 9b) compared with his initial
condition (FIG. 9a)).

FIGS. 10a) and 10b) illustrate a remarkable improvement
of the condition of a patient suffering of psoriasis non-
complicated with hyperkeratosis, when treated with a topical
composition containing an effective amount of concentrated
liquid cartilage extract (FIG. 105)) compared with his initial
condition (FIG. 10a)).

DESCRIPTION OF THE INVENTION

After their capture, cartilage has been obtained from
healthy sharks Black Spiny Dog Fish and Common Spiny
Dog Fish. Any muscular and connective tissue has been
removed by scraping with ethanol-treated scalpels and scis-
sors. The cartilage was then vacuum-packed in plastic bags
and frozen to —20° C. for further use.

PREPARATION OF LYOPHILIZED CARTILAGE

Cartilage was thawed to 4° C. Cartilage was then passed
three times through the pores of an ethanol-treated meat
chopper together with an equal quantity (weight/volume) of
water which has been purified by inverse osmosis and
filtration on a 0.1 pm filter, to obtain a first blend. Many
aqueous solutions could be used in lien of water as far as a
neutral pH is preserved to avoid lysis or denaturation of the
cartilage components.

This blend was then made homogenized by an agitation at
a maximal speed in an industrial blender at 4° C. during ten
minutes. A liquefaction of this homogenate was obtained by
submitting the latter to Polytron desintegrator during 10
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minutes at 4° C. At this step, residual particle size is less than
500 pm. This blend was centrifuged at 13,600xg during 15
minutes at 4° C. The resulting pellet was lyophilized for 24
to 48 hours. This first fraction will hereinbelow be defined
as the lyophilizate or a solid extract.

The supernatant was filtered on a 24 pm Whatman filter
to get rid of particles susceptible to affect the performance
of an ultrafiltration column. The filtrated material was then
ultrafiltrated at 4° C. on an tangential flow filtration column
having a porosity of 500 000 Daltons. This supernatant was
sterile filtered on 0.22 um filter, aliquoted in sterile bottles
for further use. This fraction will be further referred to as the
supernatant or the liquid extract. An alternative, higher
performance procedure has been developed to obtain the
lyophilizate and the supernatant. The step of centrifuging at
13600xg for 15 minutes followed by a gross filtration of
Whatman filters has been replaced by a centrifugation in a
CEPA centrifuge equipped with a nylon pocket of a porosity
of 30 pM, at 3000-4000xg. A 20 kg/20 L preparation can be
centrifuged in that manner within 30 minutes and provide 21
liters of supernatant. The aqueous volume obtained is even
higher than the starting volume of water, which means that
even a part of the water content of the cartilage itself has
been harvested.

The lyophilizate and the supernatant may have the fol-
lowing composition:

LYOPHILIZATE:
Lipids 7.35%*
Proteins 46.2%>
Humidity 20.4%
Sodium 4.16 mg/g®
Potassium 2.64 mglg
Calcium 114 mglg
Magnesium 1.49 mg/g
Zinc and iron traces

SUPERNATANT:
Lipids 0.10%!
Proteins 8 mg/ml*
Humidity 98.8%
Sodium 33.6 mg/100 g*
Potassium 39.2 mg/100 g
Calcium 2.0 mg/100 g
Magnesium 1.1 mg/i00 g

Zinc and iron traces

12Measured following directives published in AOAC Official (1984) sections

16.219-220 and 2.055, respectively;
3Measured following the SAA procedure.

The protein content is evaluated by the Kjeldahl method,
which indeed measures organic nitrogen (N). Organic nitro-

gen is converted to equivalent protein by using the following
equation:

Proteic content (mg/mL)=% Nx6.25/100

Carbohydrates being not detectable, one can assume that
they are in one or another extract but under the form of
proteoglycanes and/or mucopolysaccharides. It is possible
that these compounds are included in the measured level of
humidity. The lyophilizate contains an unexpected level of
humidity which was measured by the OH— groups. Since
the 20% water content is close to the percentage of carbo-
hydrates normally retrieved in cartilage while the humidity
of a lyophilizate should be close to 0%, this hypothesis
remains to be verified.
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Sterility has been controlled, applying USP XX11 speci-
fications by:
1) Laboratoire de génie sanitaire du Québec Inc.

1090, I’Escarbot, Centre Industriel St-Malo, Québec GIN
4J4; and
2) Northview Laboratories Inc.

1880, Holste Road, Northbrook, Il1., 60062 U.S.A. FDA
registration no. 14-18028

Activity assays
LYOPHILIZATE

In vitro assays:

These assays have been conducted on the hormono-
dependant cancer cell lines MCF-7 and ZR75-1 (ATCC (R)
numbers 22-HTB and 1500-CRL, respectively).

ZR75-1 cells:

BASAL RPMI medium:

52 g RPMI 1640 without phenol red (Sigma R8755),
17.875 g Hepes (free acid; Sigma H0763), 0.55 g sodium
pyruvate (Sigma P5280) and 10 g NaHCO; were mixed in
5 L of pure water and made pH 7.40 with NaOH.

If not used immediately, this solution must be protected
from light to preserve photolabile substances. This solution
was filtered, distributed in 500 mL sterile bottles and stored
at 4° C. for a maximal period of three months.

Cell culture maintenance medinm:

Basal RPMI medium was supplemented with 10% (v/v)
FBS (fetal bovine serum), 100 U penicillin G/50 pg strep-
tomycin sulfate (Sigma P0906)/ml medium, 2 mM
L-Glutamine (Sigma G1517) and 1 oM E, (B-estradiol
Sigma E8875).

Experimental medium:

Basal RPMI medium was supplemented with 5% FBSA
(fetal bovine serum adsorbed on dextran-charcoal), 2 mM
L-Glutamine, 100 U penicillin G/50 pg streptomycin sulfate/
ml medium and 50 ng/mL insulin (Sigma). To this medium
was added increasing concentrations of the above-described
lyophilizate as well as different concentrations of estradiol
(10 M).

MCEF-7 cells:

BASAL DME-F12 medium:

DME-F12 medium (without bicarbonate and without red
phenol; Sigma) was reconstituted following the manufac-
turer’s directives in pure water. For one liter, 1.2 g of sodium
bicarbonate was added and the pH made to 7.40 with
NaOH/HCI. This solution was filtered, distributed in 500 mL
sterile bottles and stored at 4° C. for a maximal period of
three months.

Cell culture maintenance medium:

Basal DME-F12 medium was supplemented with 10%
(v/v) FBS (fetal bovine serum), 100 U penicillin G/50 pg
streptomycin sulfate/ml medium, 2 mM L-Glutamine
(Sigma) and 1 nME, (estradiol).

Experimental medium:

Basal DME-F12 medium was supplemented with 5%
FBSA (fetal bovine serum adsorbed on dextran-charcoal), 2
mM L-Glutamine, 100 U penicillin G/50 ug streptomycin
sulfate/ml medium and 50 ng/mL insulin (Sigma). As
described for the ZR75-1 cells, lyophilizate and estradiol
were added at the same concentrations.

Preparation of FBSA:

Fetal bovine serum was mixed with 1% (w/v) charcoal
(carbon decolorizing alkaline). A solution of dextran T70
was added to the charcoal-serum solution to achieve a
concentration of 0.1% (w/v). The mixture was agitated
overnight at 4° C. After centrifugation at 4° C. for 30
minutes at 10,000xg, the serum was decanted, mixed again
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with the same proportions of charcoal and dextran, agitated
at room temperature for three hours and re-centrifuged. The
serum was then heat-inactivated at 56° C. for 20 minutes,
sterile filtered and aliquoted in sterile conical Falcon tubes.

ZR75-1 and MCF-7 cells were grown to reach a density
of population of 20 000 cells/well on 24-well plaques or 150
000 cells/well on 6-well plaques, and treated in the presence
or absence of different concentrations of lyophilizate as
prepared above. All experiments have been performed in
triplicates. Culture media have been withdrawn and replaced
by fresh media every two days. Cells were grown in an
incubator under a constantly humidified atmosphere con-
taining 5% CO,, at 37° C., for 17, 7, 3 or 3 days, corre-
sponding to the first, second, third or fourth experiment,
respectively. Cell growth inhibition was measured by direct
counting of the cells or by measuring the total DNA content
of a well.

Concentration of Cell Inhibition (%)

lyophilizate MCF-7 ZR75-1
1** experiment: 17 days
1 mg/ml 15 200
5 mg/ml 14.33 33.6
10 mg/ml 62.66 90.8
24 experiment: 7 days
1 mg/mil 3.73 0.97
5 mg/ml 157 29.00
10 mg/mi 68.37 66.00
37 experiment: 3 days
50 mg/ml 95.8 95.00
100 mg/ml 94.6 98.00
4™ experiment: 3 days
10 mg/ml 344 51.5
20 mg/ml 62.5 70.5
50 mg/ml 95.8 95
100 mg/ml 94.6 98

The above percentages of inhibition of cell growth dem-
onstrate that the lyophilizate can inhibit in a dose-dependent
manner the growth of the cells of these two cell lines.

FIG. 1 shows that doses of 50 and 100 mg/mL of the
lyophilizate clearly provoke hypoplasia on these cell lines,
after three days of treatment.

FIG. 2 shows that, in the presence of 107'? 1o 107°M
estradiol, treated cells respond like control cells by being
non-stimulated by these hormone dosage rates. However,
above 1 nM, control cells are strongly stimulated, and
concentration of DNA reach 3.75 ug in the presence of
107M estradiol (versus 0.69 ug in control without estra-
diol). In cells treated with 30 and 50 mg/mL of lyophilizate,
DNA measured at the maximal stimulation is 1.9 and 1.8 g,
respectively. FIG. 2 shows that the affinity constant (Km) of
the treated cells for estradiol is 3 and 16 times higher than
the value of Km of the control cells, in the presence of 30
and 50 mg/mL, respectively. This means that higher con-
centrations of estradiol are necessary to achieve the same
growth of the cells when cartilage lyophilized solid extract
is present. Therefore, this extract diminishes the maximal
response (90% inhibition thereof) and increases the affinity
constant of the treated cells to estradiol.

In vivo assays

Four hundred 40 day old female Sprague-Dawley rats
(purchased from Charles River Co., St-Constant, Québec)
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where adapted to their environment for 12 days. At that time,
20 mg DMBA/1 mL corn oil (9, 10-Dimethyl-1, 2-Benzan-
thracene; purchased from Sigma Chemical Co.) was admin-
istered by gavage. Three months after this treatment, 240
rats having developed a mammary breast cancer have been
selected and distributed in two groups. The first group
consisted of five sub-groups of rats. The rats of the treated
groups were given a daily dose of increasing concentrations
of the lyophilizate extract in 3 mL of water for eight weeks
while the control group received the same volume of water.
The second group consisted in four sub-groups of rats. The
rats of the treated groups were also given a daily dose of the
lyophilizate in 3 mL of water (about 25 mg of protein)
combined with or without the supernatant, for ten weeks
while the control group received the same volume of water.
Only one sub-group of the second group of rats treated with
a concentration of 3000 mg/Kg/day of the lyophilizate and
3 mL of the supernatant was also given an intraperitoneal
(i.p.) injection of a smaller dose of the supernatant about 8
mg of protein in 1 mL of water.

Rats were weighing 151-175 g at the beginning of the two
experiments and received feed and drinking water ad 1ibi-
tum. The first group of rats had a tumor of average diameter
of 0.9 ¢cm while the second group of rats had a tumor of
average diameter of 0.6 cm.

The results are summarized in as follows:

% tumor growth
inhibition
(decrease of

Daily doses of cartilage extract tumor diameter

administered by gavage vs control)
1* experiment: duration § weeks

500 mg/Kg/day 2%
1000 mg/Kg/day 4%
3000 mg/Kg/day 14%
5000 mg/Kg/day 15%
27 experiment: duration 10 weeks
3000 mg/Kg/day 12%
3000 mg/Kg/day + 3 ml supernatant 18%
3000 mg/Kg/day + 3 ml supernatant + 20%

1 ml inj. i.p. supernatant

These results demonstrate that the lyophilizate contains.an
active component which is absorbed in the gastro-intestinal
tract and which has an effect on tumor size. This effect might
be a direct effect on tumor cells or an anti-angiogenesis
mediated effect.

These results also show that the supernatant has an
activity which is reflected by a supplementary reduction of
tumor size of about 5%, even though it is very diluted (the
quantity of proteins present in 3 ml of supernatant is about
25 mg).

HISTOPATHOLOGY

For evaluating the non-toxicity of the active molecules of
the cartilage extract, the animals used in the above in vivo
experiments were killed by decapitation and the following
tissues were taken for analysis: liver, lung, kidneys, heart,
brain, muscle and mammary gland. Fat was taken out of
these tissues, after what they were fixated for two days in
Bouin fluid. After dehydration in ethanol, the fixated tissues
were embedded in paraffin. Sections thereof were obtained
and mounted on glass slides, colored with haematoxylin and
visualized under microscope.
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The histological examination revealed that no deleterious
effect was visible when using the largest doses of lyo-
philizate alone (data not shown) or when using the lyo-
philizate in combination with the supernatant (see FIGS. 3a
and b, 4a and b, and S5a and b).

This suggests that the lyophilizate and the supernatant
have a selective tumor size regressive activity.

In cancerous mammary gland (see FIGS. 6a and b), an
important diminution of the area of blood vessels was
observed. The anti-angiogenic effect of these active mol-
ecules is then confirmed by results as illustrated and sum-
marized in the following picture and histogram:

FIG. 7 shows that, when a combination of lyophilizate
(p.0.)-supernatant (p.o.+.p.) was used (refer to FIGS. 6a and
b), a decrease of 55% of the blood vessel area was observed.

The diminution of the tumor size might be due to an
important decrease in its vascularization, to a direct effect of
tumor cells, or a combination of both phenomenons. The
anti-angiogenic effect of these extracts is well depicted
above. The direct hypoplasiant effect has been observed in
vitro on the hormono-dependent cells, which remains to be
confirmed in vivo.

Because the above-mentioned results showed that the
supernatant had an increased effect over and above the effect
of the lyophilizate on ZR75-1 cells, the components thereof
were further investigated.

OBTENTION OF LIQUID FRACTIONS
CONTAINING ACTIVE MOLECULES

Shark cartilage was harvested and processed the same as
described above except for the concentration step which has
been omitted. After centrifugation, the pellet was discarded
and the supernatant was processed the same way as
described above up to the sterile filtration on 0.22 pm filter.

The supernatant will be hereinbelow referred to a crude
permeate, e.g. the product after the ultrafiltration.

The so obtained crude permeate was passed on FPLC
(Fast Protein Liquid Chromatography).

FPLC conditions:

Column: Hiload 26 mmx60 cm SEPHACRYL S-300™

FPLC system: from Pharmacia

All samples were filtered on 0.22 pm filter before loading
on the column. The elution buffer was phosphate buffer
saline (PBS) filtered and degazed during 15 minutes. The
volume of the loaded sample was usually 3.2 mL (could be
up to 13 mL). The flow rate was 1 mL/minute. Fractions of
10 mL were collected. The eluted compounds were detected
by their U.V. absorbance (280 nm). A calibration chart was
obtained by using the MW-GE-1000 calibration kit from
Sigma, this calibration sample having the same volume as
the loaded sample to analyse (3.2 mL). The elution volume
of a sample was deduced from the plotting of the molecular
weight of the compounds of the calibration kit versus their
elution volume to which was substracted the void volume of
the column. The void volume was obtained by injecting
dextran blue (M.W.=2,000,000).

The fractions were tested on ZR75-1 cells for their activity.
The fractions of interest were identified and their charac-
teristics were corroborated by further study (hereinbe-
low).

Additional characterization of the active components of
the permeate was conducted on Rotofor (Biorad 170-2950;
see isoelectrofocalization below) and on Amicon filters of
different cut-off values to obtain fractions of molecular
weight of between 10-30 KD, 30-100 KD and more than
100 KD.
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Isoelectrofocalization

A preparation of shark cartilage (46 mL of permeate 1
Kg/l) was dialysed overnight against 4 liters of pure water
containing 5% glycerin at 4° C. using a membrane Spectra
por #7 MWCO 3500 KD (Spectrum 132110). The dialyzed
solution was mixed with 2.75 mL of ampholytes (Pharmacia
#80-1125-87) pH 3.5-10.0 and 0.5 g chaps (Sigma C3023;
3-{(3-Cholamidopropy!)-dimethylammonio}-1-propane-sul-
{onate). The volume was completed to 55 mL with pure
water. The solution was loaded on Rotofor. Isoelectrofocal-
ization was conducted at 4° C., at a constant power of 12
watts (3000 xi power supply Biorad 165-0554), under con-
stant water circulation for insuring maintenance of the
temperature. At the beginning of the separation, the voltage
was 380 volts and the amperage 31 mA. When the amperage
was stabilized (at 14 mA), the voltage read 870 volts. The
isoelectrofocalization was stopped and 20 fractions were
collected.

VOLUME
FRACTION mi pH

1 37 3.56
2 21 4.01
3 2.2 4.18
4 23 431
5 22 4.63
6 21 5.03
7 25 530
8 2.1 5.50
9 2.4 5.81
10 2.5 6.26
11 23 7.00
12 24 7.29
13 2.4 7.64
14 2.5 7.94
15 23 8.32
16 25 8.62
17 24 8.94
18 29 930
19 31 9.88
20 36 10.71

The identification of these proteins was made by estimat-
ing their molecular weight on an electrophoresis gel (Laem-
mli, U.X. (1970) Nature (Lond.) 227: 680).

These fractions were four-fold diluted with a loading
buffer (see Laemmli) and 8 uL aliquots were submitted to
electrophoresis in non-reducing conditions. FIG. 8 shows
the electrophoretic profile of each fraction and of the mate-
rial before isoelectrofocalization.

All the fractions were sterile-bottled under a laminar flow
hood by passing them through a sterile Millipack-60 filter
having a porosity of 0.22 ym.

The protein content of the fractions was evaluated by the
Lowry dosage method. Solutions of 1 Kg/2 L (expressed as
the crude cartilage weight per liter of permeate were tested
on ZR75-1 cells at different concentrations in cuiture
medium. The results are summarized as follows:

1% test:

The permeate was lyophitized and passed on FPLC. No
hypoplasiant activity was detectable (data not shown).

2" test:
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Tests performed on Rotofor fractions: Protein identification

Fractions Isoelectric Median Molecular
ldentified Point Value Weight

7-8-9-10 5.30 10 6.26 5.78 29+ 1 KD
7-8-9 5.30 to 6.26 5.68 60+ 1 KD
12-13-14 7.29 t0 7.94 7.62 48 + 1 KD
13-14 7.64 to 7.94 7.79 35+1KD

3™ Test performed on FPLC fractions:

Fractions Molecular Weight

6 and 7 1-2.5 KD

4™ test performed on 100 pl fractions obtained on Amicon
molecular filters:

Inhibition of
Concentration ZR75-1 Cell
tested Molecular Weight Cultures
100 pg/mL MW > 100 KD 64%
100 pg/mL 30 KD < MW < 100 KD 114%
100 pg/mL. 10 KD < MW < 30 KD 127%
400 pg/mL MW < 10 KD 149%

FPLC fractions 6 and 7 contain active components of a
very small molecular weight: 1 to 2.5 KD.

The hypoplasiant effect of the fractions can be up to 33
000 times higher than the one observed with the lyophilizate.
The above results show that lyophilization substantially
destroys and/or inhibits the activity of the proteins contained
in the eluate while no such abolition occured when lyo-
philizing the solid extract.

Further identifification of the active components of the
eluate:

The active fractions (tested on ZR75-1 cells) are retrieved
in the following range of molecular weights, determined by
another type of purification starting with the same permeate
(1 Kg/L) on a 10 mm diameterx30 cm length Superose-12
column using the FPLC and rotofor procedures described
above. A flow rate of 1 mL/minute was selected. 45 fractions
of 1 mL were collected.

Fractons 20-21 activity in fractions
corresponding to a molecular
weight of 70 to 120 KD
activity in fractions
corresponding to a molecular
weight of 60 to 70 KD
activity in overlapping
fractions comresponding to &
molecular weight of 35 to 46 KD
activity in fractions
corresponding to a molecular
weight of 29 KD

activity corresponding to a
molecular weight 1 to 2.5 KD

Fraction 22

Fractions 29-32

Fractions 34-35

Fractions 38-39

SPECIFICITY

In order to evaluate the specificity of activity on tumor
cells, the permcate obtained after ultrafiltration was tested on
other mesenchyme originating cells, human TENON fibro-
blasts (HTFs), which are normal fibroblasts.

1%
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B. In Vitro

a. Patients

Only the HTFs from two patients (one with neovascular
glaucoma, NVG, and the other with primary open angle
glaucoma, POAG) have been used.

b. Subculturing and Maintenance of HTFs

Each confluent culture were passaged by washing and
detaching with 0.5 ml of 0.05% trypsin/0.5 mM EDTA
(Gibco 610-5300 AG) for 5-10 minutes at 37° C. 1.5 mL of
DME/F-12 medium containing 15% FBS was then added to
neutralize trypsin/EDTA.

Association of the cells was made by triturating and
transferring into 25 cm® T-flasks, into which additional
medium containing 10% FBS was added. After confluence
was reached, the HTFs were transferred into 75 cm? and
eventually, into 180 cm? T-flasks. When enough cells were
obtained, some cells were utilized for the experiments as
described below, and others were simultaneously frozen to
preserve identical passages for future experiments.

c¢. Experimental Protocols

When confluence was reached, cells from one patient
growing in two or three identical 180 cm? T-flasks were
dissociated by the procedure described above. After a short
low speed centrifugation, they were counted with a ZMI
Coulter Counter 216013, equipped with a 256-Channelyzer.

For all of the in vitro experiments which follow, approxi-
mately fifty thousand cells were inoculated in 1 mL of
DME/F-12 medium containing 1% FBS into each 16 mm
dish and a 12-well plate. Seventeen hours (hrs) after seeding,
1 mL of fresh identical medium supplemented with 1% FBS
(“absolute” controls) was added. Depending on the experi-
mental design (see above and below), the 1% FBS medium
was supplemented or not with a GFs (Growth Factors) or
with the permeate 1 Kg/2 L (cartilage weight/water volume)
solution and sterile filtered. On this day (day 0), some
samples of cells were also counted to determine plating
efficiency (which should be equal or greater than 95%).

Forty-eight hours after the onset of the experiments, the
cells were rinsed and dissociated by the afore-mentioned
procedure and counted again. The number of cells was
expressed as a percentage of that obtained in the “absolute”
controls.

Each “absolute” or positive control, containing 1% or 5%
FBS, respectively, and cach experimental group, supple-
mented with 1% FBS and with an individual GF or cartilage
permeate consisted of triplicate samples.

Each experiment was carried out on the cells of one or two
patients at a time, and was repeated at least twice.

Stimulation of fibroblast proliferation by growth factors
(GFs) or cartilage permeate was compared to the stimulation
of the same by 5% FBS.

In these experiments, GFs, porcine PDGF (pPDGF) and
human recombinant bFGF, hr bFGF (gift to Dr. P. Brazeau
from Farmitalia Carlo Erba, Milan, Italy) were added in
concentrations of 10 to 100 ng/ml in 1% FBS, respectively.
Forty-eight hours after the onset of the experiment, the cells
were dispersed by Trypsin-EDTA and counted on the
Coulter counter. All triplicate values (columns 1, 2 and 3)
appearing below equal one twentieth of counts per well.
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Patient B: Glaucoma Sexe: Male Age: 53
HTF
Day —1: number of cells per well: 46170
DME/F12 - 1% FBS - 1% Pen. Strep
Day 0: number of cells per well: 65214
DME/F12 - 1% FBS - 1% Pen. Strep
Day 1: number of ce(ls per well: 62548
DME/F12 - 1% FBS - 1% Pen. Strep
Day 2: number of cells per well:
DME/F12 - 1% FBS - 1% Pen. Strep
nb cell/count nb cell/count
%
Sample/ control
plate 1 2 3 AVE. SEM growth
Plate #1 1 DME/F12
FBS Day 0 3,019 2,862 2,853 65214 71
1% FBS
2  Day+l 2,711 2,973 2,693 62,548 1,655
1% FBS
3 Day+2 2,284 2400 2,191 51,333 1,655 100
1% FBS
4  Day+2 3,084 2,834 3,115 67,446 1,627 131%*
5% FBS
Plate #2 DME/F12
PDGF 5 Control 2,558 2,181 2,216 51,931 2,199 100
(1% FBS)
6 1 ng/ml 2,425 2,580 56,056 1,228 108
1% FBS
7 10 ng/ml 4,080 3,975 4,282 92,116 1,648 177%**
1% FBS
8 100 4,625 4,356 4,450 100,285 1,442 193%**
ng/ml
1% FBS
Plate #3 DME/F12
b-FGF 9  Control 2,915 2,533 2,502 59,360 2,429 100
(1% FBS)
10 1 ng/mi 2,744 2,554 2,761 60,174 1,213 101
1% FBS
11 10 ng/ml 3,606 3,143 3,193 74,234 2,683 125
1% FBS
12 100 4,064 3,033 3,026 75,585 6,307 127
ng/ml
1% FBS
Plate #4 DME/F12
CARTILAGE 13 Control 2,826 2,566 2,486 58822 1,877 100
(1 Kgi2 L) (1% FBS)
(fittered) 14 1 pl/mil 2,729 2,576 2,575 58,837 936 100
1% FBS
15 10 gi/ml 2,643 2,493 2,584 57,643 798 98
1% FBS
16 100 2,918 2,883 2,766 58,483 2,461 99
pl/mi
1% FBS
P < 0.02
##*P « 0.01 Determined by Student-Fisher Test
50

While growth factors like PDGF (Platelet-Derived
Growth Factor) and bFGF (basic fibroblast growth factor)
show a stimulating activity on HTFs, no effect, positive or
negative, has been observed when these cells are grown in
the presence of cartilage permeate (1 Kg/2 L). No hypopla-
siant ant effect could be observed. This suggests that the
permeate has an hypoplasiant effect which is specific to
tumor cells with no detectable effect on normal cells. The
same cartilage extract neither had an effect on another type
of fibroblast cells, HSF (Human Skin Fibroblasts; data not
shown). Eventhough not tested, it is assumed that the
lyophilizate also shows no effect on normal cells.

CLINICAL TRIALS

Before proceeding with preliminary clinical trials, the
crude permeate obtained after ultrafiltration was 2 and 20

65

fold-concentrated, providing enriched aclive permeate.
These levels of concentration were obtained on a tangential
flow filtration column having a porosity of 1000 Daltons,
which reduced the volume of the eluate by 2 and 20 times.

The concentrated permeate was filtered using a millipore
filter of a porosity of 0.22 pM). When the cartilage was
processed with the alternative centrifuge method (using the
CEPA centrifuge with a membrane of a porosity of 30 pM),
a ten-fold concentration achieved the obtention of a con-
centrated extract having almost the same proteic level as the
above 20-fold concentrated extract, e.g., 12 mg/mL
(improved method) instead of 14 mg/mL (laboratory scale
method). The sterile 10xconcentrated permeate was distrib-
uted in 7 mL aliquotes (about 85 mg of proteins) in sterile
flasks, frozen at —80° C. overnight and further stored at —20°
C. until utilization. The major difference between the crude
and the concentrated permeates is their concentration in
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proteins. It will be noted that the method used for determin-
ing the proteic content measures nitrogen compounds and
not only proteins (Kjeldahl method). This may explain why
the concentration of proteins does not increase proportion-
ally with the level of volume concentration as this is usually
the case when the proteic content is determined by the
Lowery method. The concentration step is thus assumed to
allow permeation of water as well as low molecular weight
nitrogen compounds.

The concentrated permeate was used for treating angio-
genesis-dependent diseases. Two different types representa-
tive of angiogenesis-dependent diseases were tested in prac-
tice in humans; the first type being dermatological disorders
(psoriasis) and the second type being cancer (prostate can-
cer).

Among dermatological diseases, psoriasis cases were
selected. Among the psoriasis cases tested, it is worthwhile
to note the difference between psoriasis cases complicated
by hyperkeratosis and non-complicated ones. The keratosis
component of this disease is not substantially affected per se
by the concentrated cartilage permeate while, in contrast, the
angiogenic component is the target of choice for this mixture
of active ingredients. The examples below will illustrate and
confirm this statement.

A patient suffering of prostate cancer has voluntarily tried
a 10 fold-concentrated cartilage permeate. This patient
underwent a series of successive conventional therapies that
were temporarily successful. He recently began to consume
the cartilage extract after his cancer showed recidivism.

The results shown hereinbelow are very encouraging and
are deemed predictive of the usefulness of the crude per-
meate and fractions thereof in the treatment of all angio-
genesis-dependent diseases, and not only to the ones spe-
cifically tested. Insofar as a disease has an angiogenic
component, it is deemed that the cartilage extract of the
present invention will be effective in this respect provided
that it enters a composition containing an effective amount
thereof and that this composition is in a suitable form for
proper administration. Therefore, it will be appreciated that
the present invention is not limited to the following specific
compositions, since the person skilled in the art would be
able to derive numerous compositions wherein choice is
guided by the mode of administration thereof and the
targeted ill tissue. Compositions may be administered by
different routes e.g. topical, oral, sublingual, rectal, intrave-
nous, intramuscular, by diffusion, etc.

PSORIASIS

The following dermatological composition was made and
tried, to verify its efficacy in patients suffering of psoriasis:
—EMULGADE™ (mixtures of stearates, esters, fatty

alcohols and nonionic emulsifiers) CLB 29% (W/W)
—20xcrude permeate 69.5% (W/W)

—GERMABEN™ II (diazolidinyl urea, methylparaben,
propylparaben and propylene glycol) IT 1% (W/W), and
—Lavandula Angustifolia 0.5% (W/W)

EMULGADE™ CLB, a mixture of stearate esters, fatty
alcohols and nonionic emulsifiers (purchased from Hen-
kel Canada Ltd.) was heated at 65°-70° C. under agita-
tion. Heating was stopped while the mixture was kept
under agitation. When the mixture reached a temperature
of 45° C,, the essential oil Lavandula Angustifolia and the
preservative agents' GERMABEN™II(diazonidyl urea
30%, methylparaben 11%, propylparaben 3% and propy-
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lene glycol 56%; purchased from Sutton Laboratories,
N.J,, U.S.A)) werc added. When the temperature of the
mixture reached 30° C., the cartilage extract was added.
The composition so obtained was a smooth nongreasy
cream; by varying the percentage of EMULGADE™,
other forms of various viscosity dermatological compo-
sitions can be obtained, in accordance with the manufac-
turer’s directives (milk, lotion, ointment). Other vehicles
or excipient might be used to obtain pastes, gels, and any
other forms of transdermal preparation.

The above formulation was given twice daily during a
period of twelve weeks to a panel of ten patients (topical
application) suffering of psoriasis that had been responsive
to the conventional therapies tried but became refractory to
them after a while. For this study, patients were selected for
the similar and symmetrical extent of psoriasis on both side
members. These trials were conducted in a double-blind
fashion, neither the dermatologist nor the patients knowing
which affected side was treated with the composition con-
taining the cartilage extract and which one was treated with
a control-composition. Remarkable improvement was
observed in five patients whose psoriasis was not compli-
cated by hyperkeratosis; photographs of parts of two
patients’ bodies are shown in FIGS. 9a) and 95), 10a) and
10b). In FIGS. and 9b), it is demonstrated that a patient
affected by psoriasis with hyperkeratosis has nevertheless
shown a very significant reduction of the erythema, associ-
ated with no prurit, after only one month of treatment. The
hyperkeratosis remained, however, important. Photographs
of the second patient suffering of psoriasis not complicated
with hyperkeratosis (FIGS. 10a and 105)) show a much
better improvement after a three-month treatment. Since
psoriasis appears to be a multifactorial disease, it is assumed
that the response of the patients depends on the importance
of the involvement of angiogenic factor in the establishment
and in the perpetuation of this condition. It is probable that
better results might be obtained if this kind of formulation is
complemented with other therapeutic agents addressing
other factors involved (keratolytic agents, anti-inflammatory
agents, antihistaminics, immunosuppressors, etc.).

This complementation may take the form of amending the
formulation to include an effective amount of a keratolytic
agent, for example. It could also be achieved by the separate
administration of such a complementary therapeutic agent,
concurrently or in alternation with the application of the
present topical formulation. Furthermore, the complemen-
tary medication does not need to be administered by the
same route.

The above formulation has shown no systemic effect (the
effect being limited to the treated member and no secondary
effect despite the high proportions of cartilage extract.

ACNAE

Even though acnae is not to the inventors’ knowledge,
classified as a disease or disorder having an angiogenic
component, it was nevertheless tempting to test the liquid
cartilage extract in patients so affected. For testing the
cartilage extract in patients affected by acnae, the following
gel formulation was made:

CARBOPOL™ (Carboxypolymethylene) 1.2%
Purified water 77.2%

NaOH 0.3%

PHENOXETOL™ (2-phenoxyethanol) 0.3%
Tween 80™ 0.3%

2xcartilage extract 20.0%
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40xAloes extract 0.5%

The 2xcartilage extract contains 9-12 mg/mL of proteins.
This formulation shows a remarkable improvement of the
aspect of the skin of patients affected by more or less severe
forms of acnae (inflammatory acnae and kystic acnae; data
not shown).

These surprising results may be due to an anti-angiogenic
effect thus revealing an angiogenic component in acnae, or
they may be due to active ingredients that have an effect
other than anti-angiogenic. It is recalled here that the same
extract has at least one other effect than an anti-angiogenic
effect: a direct hypoplasiant effect has been demonstrated in
cancer cell lines.

CANCER

One patient suffering of prostate cancer has tried the 10
fold-concentrated permeate. An adenocarcinoma was diag-
nosed in 1986. At that time, radiotherapy was undertaken. In
1991, the PSA (Prostatic serum antigen) level was 138 ug/L,
whereas the normal acceptable higher limit is 4 pg/L. The
patient then underwent a completely different therapy by
castration combined with anti-androgen therapy EUFLEX™
(Flutamide). This treatment was efficient during three years,
after which PSA level began to rise again. Since June 1994,
this patient consumes the 10xpermeate (daily sublingual
dose of about 75 mg of proteins/7 mL of distilled water,
equivalent to about 1-1.5 mg/kg of body weight/day). Even
though a significant amount of this dose is swallowed, it is
probably absorbed in the gastro-intestinal tract, if the results
obtained in DMBA-treated animals (see above) are relied
upon. The PSA levels decreased from 12 to 0.9 pg/mL (last
results obtained in December 1994). This dose regimen can
also be modified at will in accordance with the route of
administration, the bioavailability of the active ingredients
and the desired aggressiveness with which the pathology is
to be controlled. At this time, the non-toxicity has been
verified in rats (see above-examples) and in humans (data
not shown).

In the other in vivo experiment performed on DMBA-
treated rats, the dosage rate of the liquid extract was about
190220 mg of proteins/Kg of body weight, which presum-

ably had a great contribution to the reduction of the area of -

cancer blood vessels (55% when combined with a much
larger dose of lyophilizate). It is therefore assumed that a
dose of about 1 to about 200 mg/Kg of body weight per day
is a reasonable range of median doses (EDs) for treating
cancer by reducing or abolishing angiogenesis.

These results shown the great potential of the cartilage
liquid extract in the treatment of angiogenesis-dependent
diseases. The amount of cartilage extract as well as the
formulation thereof may be varied at will to fulfill specific
needs. It is assumed that fractions of the crude permeate
which contain the active ingredient will also be effective.
These fractions await further characterization.

One can note that, on a proteic content basis, the topical
formulations for the skin may contain a wide range of doses
of the cartilage extract. In the two specific categories of
cases tested, for example, the ratio of the final protein
concentration in the formulations for treating psoriasis ver-
sus acnae is 4-5, while the ratio of dilution of the permeate
is 35. For all predicted applications in angiogenesis-depen-
dent diseases (from ophthalmic drops to dermatological and
cancer drug formulation), it is presumed that a minimal final
protein concentration of the crude permeate could be very
low (less than 0.1 mg/mlL). This lower range of doses
depends on the accessibility and on the permeation of the
active ingredients to the site of action as well as on the
efficient capture of these ingredients and the sensitivity or
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response of the tissue to angiogenic inhibitors. The higher
limit of the final protein concentration in formulations for
some applications is not currently known. The highest final
concentrations tried were of about 9 mg/mL of proteins in
the formulation for the psoriasis cases and about 12 mg/mL
in the dose unit of 7 mL administered in the prostate cancer
case. Since the crude permeate cannot be lyophilized with-
out losing its activity, it is deemed that the highest doses
depend on the limit of concentration that one can practice on
the crude permeate e.g. till the obtention of a concentrated

syrup.

REQUIRED MATERIAL

—Coolers

—Surgical instruments

—Meat chopper

—Plastic bags

—Industrial blender (Waring 3-speed blender bought from
Fisher Scientific)

—A system of purification of water (inverse osmosis and 0.1
pm filtration; Continental Water System, model PRE
2202, serial number 91089, Modulab Bioscience RQ/Pol-
ishing System bought from Fisher Scientific, Montreal,
Quebec). This system provides an apyrogenic water of
high quality.

—A precision balance Mettler, seria AE bought from Fisher
Scientific

—Centrifuge CEPA

—Nylon pocket of the porosity of 30 UM

—Centrifuge Sorvall RC-285 bought from DuPont Canada

—autoclave (automatic vapor sterilizer Sanyo, model MAC
350P)

—Nalgene 500 mL containers sterilized at 132° C. for 10
minutes and dried for 35 minutes

—Conical filters of 24 pm porosity Whatman Reeve Angel

—Ultrafiltration column (Molecular weight cut-off: 500
KDaltons (and 1 K1) when applicable); Surface: 25 square
feet; Flow: 130 L/minute; Inlct pressure: 30 psi; Outlet
pressure: 5 psi; bought from Koch Membrane Systems
Inc., Wilmington, Mass., USA)

—Sanitary centrifuge pump (Monarch Industries, model
ACE-S100, type A) for providing a 130 L/minute flow
—sterile hut (laminar flow hut NuAire bought from Ingram

& Bell)

—Millipack-60 0.22 um sterile filters

—Sterile clear or amber glass bottles

—Concentrator DC-10 Amicon

—Rotofor Biorad 170-2950

—Anmicon filters SIOY 10, SIOY30 and SIOY100 of cut-off
values of 10, 30 and 100 KD, respectively

—FPLC Pharmacia 216007 (computer Pharmacia 216014)

—SEPHACRYL S-300™ (cross-linked co-polymer of allyl
dextran and N,N methylene bisacrylamide) 26 mm/60 cm
(Pharmacia)

—SUPEROSE S-12™ (cross-linked agarose) 10 mm/30 cm
(Pharmacia)

—Lyophilizer Labconco 10273 A
This invention has been described hereinabove, and it

should be appreciated that it would be well within the ability
and the knowledge of the person skilled in the art, without
departing from the teachings of this disclosure, to bring
modifications by replacing some elements of this invention
as practicized by their equivalents, which would achieve the
same goal thereof. These obvious variations are deemed
covered by this application.
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What is claimed is:

1. A process for obtaining a solid extract of shark cartilage
having anti-angiogenic, direct anti-tumoral and anti-tumor
proliferating activities, which comprises the following steps:

a) homogenizing pieces of solid shark cartilage in a

non-denaturing aqueous solution until said pieces of
solid shark cartilage are reduced to solid particles
whose size is lower than or equal to about 500 pm,
resulting in a homogenous mixture of said solid par-
ticles and a crude liquid extract having said activities;

b) centrifuging said homogenous mixture to separate solid

particles from the crude liquid extract; and

c) recovering and then lyophilizing said particles,

whereby said solid extract is obtained.

2. A process according to claim 1, wherein step a) is
performed within about 30 minutes.

3. A process according to claim 1, wherein said pieces of
solid shark cartilage and said non-denaturing aqueous solu-
tion are in proportions of about 1 Kg of cartilage wet weight
per 1-2 liters of solution.

4. The process of claim 1, wherein the process steps are
performed at about 4° C.

5. The process according to claim 1 wherein said non-
denaturing aqueous solution is of about neutral pH.

6. The process according to claim 5 wherein said non-
denaturing aqueous solution consists of water.

7. A process for obtaining a liquid extract of shark
cartilage which comprises the following steps:

a) homogenizing pieces of solid shark cartilage in a
non-denaturing aqueous solution until said pieces of
solid shark cartilage are reduced to solid particles
whose size is lower than or equal to about 500 um,
resulting in 2 mixture of said solid particles and a crude
liquid extract;

b) separating said crude liquid extract from said solid

particles; and

c) further separating the crude liquid extract so as to

obtain a final liquid extract containing cartilage mol-
ecules having a molecular weight lower than or equal
to 500 KDa.

8. The process of claim 7, wherein said separation step b)
is performed by centrifugation.

9. A process according to claim 7 wherein said non-
denaturing aqueous solution consists of water and steps a) to
¢) are performed at about 4° C.

10. A process according to claim 9, wherein step a) is
performed within about 30 minutes.

11. A process according to claim 10, wherein said pieces
of solid shark cartilage and said non-denaturing aqueous
solution are in proportions of about 1 Kg of cartilage wet
weight per 1-2 liters of water.

12, The process of claim 7, which further comprises a step
d) of concentrating said final liquid extract on a membrane
having a molecular weight cut-off value of about 1 KDa,
resulting in a concentrated liquid extract containing cartilage
molecules having a molecular weight comprised between
about 1 KDa and about 500 KDa.

13. The process of claim 12, wherein the process steps a)
to d) are performed at about 4° C.

14. The process of claim 7, which further comprises a step
d) of fractionating said final liquid extract, to obtain a liquid
fraction of said liquid extract.

15. The process of claim 14, wherein said fractionation
step is performed by Fast Protein Liquid Chromatography
(FPLC), and wherein said resulting liquid fraction contains
cartilage molecules having a molecular weight between
about 1 KDa and about 2.5 KDa.

16. The process of claim 14, wherein said fractionation
step is performed by Rotofor separation and electrophoresis,
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and wherein said liquid fraction contains cartilage molecules
having a molecular weight of about 29 KDa and an isoelec-
tric point of about 5.3 to about 6.26.

17. The process of claim 14, wherein said fractionation
step is performed by Rotofor separation and electrophoresis,
and wherein said liquid fraction contains cartilage molecules
having a molecular weight of about 35 KDa and an isoelec-
tric point of about 7.64 to about 7.94.

18. The process of claim 14, wherein said fractionation
step is performed by Rotofor separation and electrophoresis,
and wherein said liquid fraction contains cartilage molecules
having a molecular weight of about 48 KDa and an isoelec-
tric point of about 7.29 to about 7.94.

19. The process of claim 14, wherein said fractionation
step is performed by Rotofor separation and electrophoresis,
and wherein said liquid fraction contains cartilage molecules
having a molecular weight of about 60 KDa and an isoelec-
tric point of about 5.30 to about 6.26.

20. The process of claim 14, wherein said fractionation
step is performed by Rotofor separation and Fast Protein
Liquid Chromatography (FPLC), and wherein said liquid
fraction contains cartilage molecules having a molecular
weight comprised between about 70 KDa and about 120
KDa.

21. The process of claim 14, wherein said fractionation
step is performed by Rotofor separation and Fast Protein
Liquid Chromatography (FPLC), and wherein said liquid
fraction contains cartilage molecules having a molecular
weight comprised between about 60 and about 70 KDa.

22. The process of claim 14, wherein said fractionation
step is performed by Rotofor separation and Fast Protein
Liquid Chromatography (FPLC), and wherein said liquid
fraction contains cartilage molecules having a molecular
weight comprised between about 35 KDa and about 46 KDa.

23. The process of claim 14, wherein said fractionation
step is performed by Rotofor separation and Fast Protein
Liquid Chromatography (FPLC), and wherein said liquid
fraction contains cartilage molecules having a molecular
weight of about 29 KDa.

24. The process of claim 14, wherein said fractionation
step is performed by Rotofor separation and Fast Protein
Liquid Chromatography (FPLC), and wherein said liquid
fraction contains cartilage molecules having a molecular
weight comprised between about 1 KDa and about 2.5 KDa.

25. The process of claim 14, wherein the process steps a)
to d) are performed at about 4° C.

26. A process for obtaining a liquid extract of shark
cartilage having anti-angiogenic, direct anti-tumoral and
anti-tumor proliferating activities which comprises the fol-
lowing steps, all performed at about 4° C.:

a) homogenizing pieces of solid shark cartilage in a
non-denaturing aqueous solution of about a neutral pH
until said solid pieces of shark cartilage are reduced to
particles whose size is lower than or equal to about 500
um, resulting in a mixture of said solid particles and a
crude liquid extract having said activities;

b) separating said crude liquid extract from said solid
particles; and

c) further separating the crude liquid extract so as to
obtain a final liquid extract containing cartilage mol-
ecules having a molecular weight lower than or equal
to about 500 KDa.

27. The process of claim 26, wherein said pieces of shark
cartilage and said non-denaturing aqueous solution are in
proportions of about 1 Kg of cartilage wet weight per 1-2
liters of solution.

28. The process of claim 27, wherein step a) is performed
within about 30 minutes.
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