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A Pharmaceutical Conposition Regulatig the Function of a Living Bgé§?fkié"/
present invention relates to silicate polyners which regulate théﬁMV@?cop%
physi ol ogi cal function of a living body, a nmethod for manufacturing
thereof, and a pharmaceutical conposition containing said polymer as an
active ingredient. Aliving body maintains its |life as an i ndependent
organi sm by controlling physical and chem cal conditions of the body within
a certain physiological state, and responding to alterations of the
i nternal and external environment. Such a nechani sm mai ntaing the
honeost asi s, of a living body is effected by the living cells of the body,
particularly through their cell nmenbranes. The cell nenbrane, as is well
known, is made up of a phospholipid bilayer, and recogni zes various
nol ecules with its surface protein which acts as a regeptor, and

sel ectively t fansm f g&?ﬁi@e‘?ﬁké mb8Fe 1l % QE_J,L{]QY;

extra-cel lul ar eqU| ria of su cgsL dr i1 ons s These
mechani sns nai nt ai n the phy5|olog|cal ance of the cell and cluse it to
act normally. If said balance is dlsturbed for any reason, however, various
troubles may arise; for instance, a change in the anount of fatty acid
conponent s of phosphelpgfeisdst inventiorieelsase taf sihisaturgilathekatwhichci ds or

an 1 ncrease 'rkédﬁgate the physiologicél function of a living body, a method
for manufacturing thereof, and a pharmaceutical composition
containing.said polymer as an active ingredient.

A living body maintains its life as an independent _
organism by controlling physical and chemical conditions of the
body within a certain physiological state, and responding to
alterations of the internal and external environment.

Such a mechanism maintaing the homeostasis of a living
body is effected by the living cells of the body, particularly
through their cell membranes. The cell membrane, as is well
known, is made up of a phospholipid bilayer, and recognizes
various molecules with its surface protein, which acts as a
receptor, and selectively transmits chemicals and ions to
achieve intra- and extra-cellular eguilibria of substances and
chemical conditions. These mechanisms maintain the
physiological balance of the cell and cause it to act normally.

If said balance is disturbed for any reason, however,
various troubles may arise; for instance, a change in the
amount of fatty acid components of phospholipids, i.e. a
decrease of unsaturated fg;ty acids or an increase in the
amount of unsaturated anddsaturated fatty acids, may make the
cell membrane solid and lowexr the fluidity of the membrane.

The alteration of the membrane fluidity may result in the
hypofunction of the membrane receptors as well as of channels

- for sodium, potassium, calcium and other ions, which eventually
brings about functional disturbance of the cell.

The present inventors have conducted continued studies on
the substances which enhance the naturally acquired healing
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anount of unsaturated and saturated fatty acids, make the cell menbrane
solid and lower the fluidity of the nenbrane. The aIt .afi o the
menbrane fluidity may result in the hypofunction of t h&Y fj’cors
as well as of channels for sodium potassium calcium vvh| ch

eventual ly brings about functional disturbance of .the
i nventors have conducted continued studi es on the substances which enhance

the naturally acquired healing 2 power of a living body and contribute
to normalization of functions of the body, focusing OfHiS m:'*
mechani snms regul ating and restoring neurol ogi cal, erjdocri %@b

I mmunol ogi cal di sturbances due to functional abnor Liy Ps in

norbid state, and, as a result thereof, ~have acconplished the present
i nvention. The pr esent invention relates to water-soluble silicates which

are activated b meri,zat i relates to biologically active
subst ances comp. X'e % AL | |°8§t%“°f;°f°§}ﬁ%‘5%‘%ﬁm%ﬁ’°?’8w é‘?é At mai nt ai n

t he function éfmatwr%ﬁ 9 BBRYPsY - r ERIUSERG Pra e nimerFt 3t ifgneshanister ed cel |
functi ons due reguilasigsesd rddtoring heurpbbgiices, tendacpharlngteal iandl

CONposi ti on CQRkahBidi 8l 8 sidrbaates ROk VIR Fuase AhadClintenhngredicent , and

to a net hod for l&ranurt ac%nﬁri)ﬂg stta? Sa&g‘%p SI |al ¢an .4 tgep‘%tgrgé el ement widely

spread in organlsns o
accomplished the present inventlon

The present invention relates to water-soluble silicates
which are activated by polymerization. It also relates to
biologically active substances comprising said 5111cate
polymers which regulate and maintain the function of a living
body by restoring and normalizing the lowered cell functions
due to diseases. It further relates to a pharmaceutical
composition containing said silicate polymer as an active
ingredient, and to a method for manufacturing the same.

Silicon is a natural element widely spread in organisms of
the animal and plant kingdoms. In particular, it exists as
silicate in animal tissues like hair, feather, bone and skin
and is known as an essential element in osteogenesis. In animal
tissues, it is involved in cross linkage of collagen tissues
and is present in acidic mucopolysaccharide as one of the
components. Silicon is thus an essential element for the living
body. It is known, additionally, that silicon has
pharmacological activities such as immuno-suppression through
its anti-macrophage activity and anti-diabetic activity, when
administered to animals.

Some silicates like magnesium silicate and aluminum
silicate are widely used as anti-acid pharmaceutical products.
However, it has not been reported that a silicate polymer has
any specific pharmacological activities.

The objects of the present invention are to provide novel
silicate polymes which regulate the function of a living body,
a method for manufacturing the same and a pharmaceutical

composition containing said polymer as an active ingredient.
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osteogenesis. In animal tissues, it is involved in cros ﬂ
collagen tissues and is present in acidic nmucopol ysacch t he

conponents. Silicon is thus an essential. elenment for the living body. It is
known, additionally, that silicon has pharnacol ogical activities such as

i mmuno- suppression through its anti-nacrophage activity and anti-di abet iC
activity, when adm nistered to aninmals. Some silic
silicate.and, alumnumsilicate are w dely used as BAR BREN uti cal
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present inventi shligates pxe vEHES af sald SlllClC acids, for example,
. salts with alkali metals such as sodium and potassium. A

material containing silicic acid, for instance, water glass
which is a concentrated aqueous solution of alkali salts of
silicic acid, is also used. Further, a silicate solution
prepared by heating and dissolving silicon oxide in alkaline

aqueous solution may be utilized.

The silicate polymers of the invention have a molecular
weight in the range of 4,800 to 2,000,000, preferably, 20,000
to 1,000,000, which are determined by gel-filtration,
ultrafiltration, electrophoresis and the like.

The said silicate polymers have a degree of polymerization
in the range of 75 to 33,000, preferably, 490 to 16,500.

An example of the manufacturing methods for silicate
polymers of the present invention will be given below.

Water-soluble silicate such as sodium orthosilicate,
sodium metasilicate, potaésium.orthosilicate or potagsium
metasilicate, or silicic acid containing material such as water
glass is dissolved in an aqueous solution. Since said aqueous
solution of silicate displays a high pH value, it is preferable
to adjust the solution to pH 2-10, more preferably, pH 4-9.5,
by use of a conventional acid such as hydrochloric acid,
sulfuric acid or acetic acid. It is desirable to add a
saccharide such as lactose, mannitol, sorbitol, sucrose,
glucose, fructose or galactose to the aqueous solution. A salt
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pharmaceutical conposition conprising a pharmaceutically effective anount
of a water- soluble silicate polyner having a nol ecul ar weight in the range

of 4,800 to 2,000,000 as determ ned by gel-filtration and a degree of

pol yneri zation in the range of 75 to 33,000, REPLACEMENT SHEET 1 1 DEC 1997
3 whereinn the nonomer unit is [err] , as an active ingredient, and an inert
carrier or diluent conprising a saccharide. An exanple of the manufacturing
nmet hod for silicate polyners of the present invention will be given bel ow.
Wat er - sol ubl e'silicate such as sodiumorthosilicate, sodium netasilicate,
pot assi um orthosilicate or potassiumnetasilicate, or silicic acid
containing material such as water glass is dissolved in an agueous
solution. Since said aqueous solution of si4l kcate displays a high pH val ue,
it is preferable to adjust the solution to.pH 2-10, nore preferably, pH
4-9.5,iby use of a conventional acid such as hydrochloric acid, sulfurlc

acid or acetic &YFR.39 FORLURSBLPEiS PEEaRAIUY %’H‘@Eﬁ‘é‘? iFeseHtHP Fulfaf@ ose,
manni t ol , sor bi M8V, akiecbesaddegl-ucose, fructose or gal actose to the aqueous
solution. A salt REPLACEMENT SHEET

For the purpose of manufacturing a pharmaceutical
composition of the invention, said aqueocus sclution of silicate
is preferably dried to a powder. The powderization may be
carried out according to a conventional method such as heating
or lyophilization. To give a preferred powder, for example, the
solution is dried by heating at from 150 to 250°C. Also a
conventional lyophilization under .reduced pressure may be used
to powderize the solution.

To detect the production of silicate polymers, for
example, a molybdenum blue coloration is measured. Namely, a
solution of ammonium molybdate is added to the agueous solution
of silicate and then sulfite solution is added to produce a
blue coloration. The blue coloration reduces as the
polymerization of silicate proceeds. Alsc, the silicate
polymers so produced can be separated by gel-filtration under
acidic conditions at high molecular bands. An aliquot of this
separated fraction is decomposed under alkaline conditions to
detect silicate by the molybdenum blue reaction.

Examples
Example 1

7.6 g of water glass {silicon; 1.2 g) was dissolved in 100
ml of water. 97.5 g of lactose was dissolved in 300 ml of water
with heating. The water glass solution was mixed with the
) lactose solution, and then the pH was adjusted to 8:8~with
diluted hydrochloric acid. The reaction mixture was dried at
200°C to give 90 g of a powder. The resulting silicate polymers
of the present invention have the following physical properties

and contain 12 mg of silicon per 1 g.

Molecular weight: 13,000 to 1,000,000
Degree of Polymerization: 210 to 16,500



-4- such as sodium chloride, potassiumchloride or sodiumsulfate may al so
be added. For the purpose of manufacturing a pharnmaceutical conposition of
the invention, said aqueous solution of silicate is preferably dried to a
powder. The powderi zation may be carried out according to a conventi onal
met hod such as heating or |yophilization. To give a preferred powder, for
exanple, the solution is dried by heating at from 150 to [err]. Al so a
conventional |yophilization under reduced pressure nmay be used to powderize
the solution. To detect the production of silicate polynmers, for exanple, a
nol ybdenum bl ue coloration is measured. Nanely, a solution of amoni um
nol ybdate i s added to the aqueous solution of silicate and then sulfite
solution is added to produce a blue col oratg an. The bl ue col oration reduces
as the polynerization of silicate proceeds. A so, the silicate polyners so
produced can be separated by gel-filtration under acidic conditions at high
nol ecul ar bands. An aliquot of this separated fraction is deconposed under
al kal i ne condi t isxaspi® 2detect silicate by the nol ybdenum bl ue reaction
Exanpl es :
12.9 g of sodium metasilicate (silicon; 1.2 g) was

dissolved in 100 wl of water. 95.8 g of lactose was dissolved

in 300 ml of water with heating. The agueous solution of sodium

metasilicate was mixed with the lactose solution, and then the

pH was adjusted to 8.0 with diluted hydrochloric acid. Thea '~

reaction mixture was dried at 200°C to give 90 g of a powder.

The resulting silicate polymers of the present invention have

the following physical properties and contain 12 mg of silicon

per 1 g.

Molecular weight: 15,000 to 900,000
Degree of Polymerization: 250 to 15,000
Example 3

5.9 g of sodium orthosilicate (silicon; 0.6 g) was
dissolved in 100 ml of water. 99 g of mannitol was dissolved in
300 ml of water with heating. The aqueous solution of sodium
orthosilicate was mixed with the mannitol solution, and then
the pH was adjusted to 8.0 with diluted hydrochloriec acid. The
reaction mixture was dried at 200°C to give 88 g of a powder.
The resulting silicate polymers of the present invention have
the following physical properties and contain 6 mg of silicon

per 1 g.

Molecular weight: 20,000 to 1,000,000
Degree of Polymerization: 330 to 16,500 —
Example 4

1,89 g of water glass (silicon; 0.3 g) was dissolved in
100 ml of water. 500 ml of 20 % agueous solution of lactose was
added thereto, and then the pH was adjusted to 8.0 with diluted
hydrochloric acid. Bach 1.2 ml of the solution was pipetted
into a vial and lyophilized. The resulting dry-powdered
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Example 1 7.6 g of water glass (silicon; 1.2 g) was dissolved in 100 m of
water. 97.5 g of lactose was dissolved in 300 ml of water with heating. The
wat er gl ass solution was mxed with the |actose solution, and then the pH
was adjusted to 8.0 with diluted hydrochloric acid. The reaction m xture
was dried at 2000C to give 90 g of a powder. The resulting silicate

pol ynmers of the present invention have the followi ng physical properties
and contain 12 ng of silicon per 1 g. Mol ecul ar weight:

13,000 to 1,000,000 Degree of Polynerization: 210 to 16,500

Example 2.12.9 g of sodiumnetasilicate (silicon; 1.2 g) was dissolved in
100 M of water. 95.8 g of |actose was dissolved in 300 M of water with
heati ng. The aqueous sol ution of sodiumnetgasilicate was mxed with the

| act ose solution, and then the pH was adjusted to 8.0 with diluted
hydrochloric acid. The reaction mixture was dried at 2000C to give 90 g of
a powder. The resiliicphg pelymerd efpbbisrdpyentionhbayy aébenfolilpvirg inbysheade t he
fol |l owi ng physi gatoppidies landscattdiaoniaimg df sifiedn pekician .

Molecular weight: 30,000 to 1,500,000
Degree of Polymerization: 490 to 25,000

In the folldwing experiments, the amount of substance of
the present invention was indicated as the amount of silicon
{Si) contained therein, such as Si g/ml or Si mg/kg.

1. Inhibitory effect on mast cell degranulation:

An inhibitory effect of a substance of the invention on
mast cell degranulation was determined according to a usual
method. A solution of the substances was added to a cell’
suspension of rat peritoneal mast cells and incubated at 37°C
for 10 minutes. To this cell suspension, a solution of Compound
48/80, a histamine releaser, was added. The reaction mixture
was incubated for 10 minutes, and then the reaction was stopped
by adding a cold buffer solution. The supernatant was separated
by centrifuging, and the amount of histamine in it was measured
by fluorometric methods. The inhibition rate of the substance
on histamine release was determined according to a conventional
method. The substance significantly inhibited the histamine

- release from mast cells.

An example of the results is shown in Table 1.



per 1 g. Nblecular wei ght : 15, 000 to 900, 000 Degree of

Pol yneri zati on: 250 to 15, 000 Exanple 3 5.9 g of sodiumorthosilicate
(silicon; 0.6 g) was dissolved in 100 M of water. 99 g of mannitol was

di ssolved in 300 mM of water with heating. The aqueous sol ution of sodium
orthosilicate was m xed with the mannitol solution, and then the pH was
adjusted to 8.0 with diluted hydrochloric acid. The reaction ni xture was
dried at 2000C to give 88 g of a powder. The resulting silicate polymers of
the present invention have the follow ng physical properties and contain 6
ng of silicon per 1 g. Ml ecul ar weight: : 20,000 to 1, 000, 000
Degree of Pol ynerization: 330 to 16,500 Exanple 4 1,89 g of water
glass (silicon; 0.3 g) was dissolved in 1807 d of water. 500 m of 20 %
aqueous sol ution of |actose was added thereto, and then the pH was adj usted
to 8.0 wth diluted hydrochloric acid. Each 1.2 ml of the solution was

pi petted into a vial and |yophilized. The resulting dry-powdered

Table 1

Concentration of the Inhibition zrate on

subsgtance of Example 1 histamine release
{si g/ml) 1o %
1 x 10-8 6.2 £ 2.0
1 x 107 " 7.6 £ 8.5
1 x 10-6 37.6 + 0.7
1 x 1075 ' 83.0 £ 11.9
1x 10°4 96.2 £ 0.9

2. Inhibitory effect on histamine release by antigen-antibody

reaction:

Rats were passively sensitized by intraperitoneal
injection of anti-ovalbumin serum {IgB-like antibody) . Twenty-
four hours thereaftexr, a suspension of peritoneal mast cells of
the rats was prepared. To this cell suspension, a solution of
the substance of the invention was added, and incubated for 10
minutes at 37°C. A solution of ovalbumin was then added to the
mixture to induce antigen-antibody reaction. The reaction was
stopped after 10 minutes and the inhibition rate of histamine
release by the substance was measured, according to the methods
described above, in 1. The substance significantly inhibited
the histamine release from mast cells caused by antigen-

antibody reaction.

An example of the results is shown in Table 2.--



silicate polynmers of this invention have the foll ow ng physical properties
and contain 0.6 ng of silicon per vial. Ml ecular weight:

30,000 to 1,500,000 Degree of Polynerization: 490 to 25,000 In the
fol |l owi ng experinents, the amount of substance of the present invention was
i ndi cated as the anount :of silicon (Si) contained therein, such as Si g/m
or Si ng/kg. 1. Inhibitory effect on nmast cell degranulation: An
inhibitory effect of a substance of the invention on nast cel

degranul ati on was determ ned according to a usual nmethod. A solution of the
substances was added to a cell suspension of rat peritoneal mast cells and
i ncubated at [err] for 10 mnutes. To this cell suspension, a solution of
Conmpound 48/ 80, a histam ne rel easer, was. gdded. The reaction m xture was

i ncubated for 10 m nutes, and then the reaction was stopped by adding a
cold buffer solution. The supernatant was separated by centrifuging, and
the anobunt of histamne in it was neasured by fluoronetric nethods. The
inhibition rate of the substance on hi stmsilee2rel ease was det erm ned
according to a conventional nethod. The substance S|gn|f|cantly i nhi bited

t he hi stam ne rel ease fremrast—eetts—Arn—exarpre—of—tire~—restt+§ i s shown
in Table 1. Concentration of the Inhibitlon rate on
substance of Example 2 histamine release
{si g/ml} : (%)
1 x 10-8 3.1 £ 1.1
1 x 10-7 16.6 + 12.2
1 x 10-6 85.1 % 5.9
: 1 x 10-53 ‘ 96.5 £ 4.5
i 1 x 10-4% 98.4 + 2.8
3. Inhibitory effect on hyaluronidase activity:

A substance of the present invention was added to a
solution containing hyaluronidase, and incubated at 37°C for 10
minutes. A solution of hyaluronic acid as a substrate was added
to the solution to react with the enzyme for 15 minutes, and
then the reaction was terminated by addition of a succinic
acid-buffer solution. The absorbance.of the reaction solution
at 540 nm was measured. The inhibition rate of the substance to
hyaluronidase was calculated in comparison with the absorbance
of a control solution wherein a physiological saline sclution
was used instead of the tested substance. The substance shewed
inhibition of hyarulonidase activity dose-dependently.

An example of the results is shown in Table 3.

— -



-7- Table 1 Concentration of the I nhibition rate on substance of Exanple

1 hi stam ne rel ease (Si g/nl) (%9 1 x [err]
6.2 2.0 1 x [err] 7.6 851X [err] 37.6
0.7 1 x [err] 83.0 11.9 1 x [err] 96.2 0.9 2.

Inhibitory effect on histam ne rel ease by antigen-anti body reaction: Rats
were passively sensitized by intraperitoneal injection of anti-oval bum n
serum (I gE-1i ke anti body). Twenty- four hours thereafter, a suspension of
peritoneal mast cells of the rats was prepared. To this cell suspension, a
solution of the substance of the invention was added, and incubated for 10
mnutes at [érr]. A solution of oval bum n was then added to the m xture to
i nduce antigen-anti body reaction. The reqc;ipn was stopped after 10 m nutes
and the inhibition rate of histam ne

Table 3
Concentration of the Inhibition rate to
substance of Example 2 hyaluronidase
(8i pg/ml) ) (%)
50 : 10.9
100 24.5
250 51.7
500 89.1
.4. Inhibitory effect on vascular permeability:

Guinea pig nasal cavity was perfused with histamine
solution, and the increase of nasal membrane permeability and
of nasal secretion was investigated by measuring the amount of
-dye extravasated at the site according to the method of Kojima
and Tsutsumi [Allergy, vol. 35, 180-187 {1986}]. A polyethylene
tube was inserted into the nasal cavity from an incision in the
trachea for perfusion, and a solution of dye was ihtravenously
injected. A physiological saline solution was perfused at 1 ml
per minute. The initial perfusate for 10 minutes was drained
off from the nostrils for washing, and the perfusate of the
following 20 minutes was collected (Perfusate A). A

- physioclogical saline solution containing histamine was then
perfused for 10 minutes to collect the perfusate (Perfusate B).
A normal saline solution was again perfused for 10 minutes to
collect the perfusate (Perfusate C). Each perfusate was
centrifuged and the absorbance of the supernatant was measured

at 620 nm.
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rel ease by the substance was neasured, according to the nethods descri bed
above, in 1. The substance significantly inhibited the histam ne rel ease
frommast cells caused by antigen- anti body reaction. An exanple of the

results is shown in Table 2 -8- Table 2 Concentration of the

Inhibition rate on substance of Exanple 2 hi stam ne release (Si g/m)
(%9 1 x [err] 3.1 1.1 1 x 10-7 16.6 12.2 1 x
[err] 85.1 5.9 1-x [err] . 96.5 4.5 1 x [err]
98.4 [err] 2.8 3. I nhi bitory effect on hyal uroni dase activity: A

subst ance. of the present invention was added to a sol ution containing
hyal ur oni dase, and incubated at 370C for 10 m nutes. A solution of
hyal uroni ¢ acid as a substrate was added -t gothe solution to react with the

enzyne for 15 mnutes, and

A substance of the invention, which was intraperitoneally
administered 30 minutes before histamine perfusion,
significantly suppressed the permeability of the nasal wmembrane

to the dye.

An example of the results is shown in Table 4. The amount
of dye in the perfusate was expressed as the absorbance.

Table 4

' Amount of dye in the perfusate

Dose of the substance of
Example 2 (Si mg/kg)
Perfusate Saline i2.5 25.0
A 0.88 £ 0.44 0.45 & 0.13 0.33 £ 0.09
B 4.07 * 2.40 1.34  1.12 0.75 * 0.46
C 3.82 + 2.05 1.72 £ 1.75 0.88 £ 0.56
5. Effect on disturbance of peripheral blood circulation:

The effect of a substance of the invention on the
disturbance of peripheral blcood circulation was determined, as
an index of improving paresthesia. Quinoform was administered
to rats ihtraperitoneally for 27 days in progressively
increased amounts to cause disturbance of peripheral
circulation. The hind limbs of the Quinoform—treated rats were
then exposed to cold water at 5°C for 2 minutes. The éffect of
the substance in improving peripheral blood circulation was
evaluated by monitoring the recovering process of the-.limb
temperature with thermographical image analysis. The substance
was intravenously administered to rats consecutively for 7 days
f£rom the 21lst day of quinoform treatment.

An example of the results is shown in Table 5. The dose of
the substance is expressed as Si mg/kg and is shown in

parenthesis.
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then the reaction was term nated by addition of a succinic acid-buffer
solution. The absorbance of the reaction solution at 540 nm was neasured.
The inhibition rate of the substance to hyal uroni dase was cal cul ated in
conparison with the absorbance of a control solution wherein a
physi ol ogi cal saline solution was used instead of the tested substance. The
subst ance showed i nhi bition of hyarul oni dase activity dose-dependently. -An

exanpl e of the results is shown in Table 3. -9- Table 3 Concentration of
t he Inhibition rate to substance of Exanple 2 hyal ur oni dase 50
10.9 100 . ) 24.5 250 51.7 500

89.1 4. I nhibitory effect on vascular perneability: Quinea pig nasal

cavity was perfused with histam ne sol uti-omz and. the i ncrease of nasal
menbrane perneability and of nasal secretion was investigated by neasuring
t he amount of

Table 5

Average skin temperature (°C)
of the hind iimb at 15
minutes after exposure to
cold water

Untreated group S 27.7 £ 6.7
Control: quinoform-treated 23.9 £ 0.5

The substance of Example 1

{5)|24.2
(10) (26.3
(20)127.0

.

H

6. Analgesic effect:

Analgesic effects of a substance of the present invention
was studied by Randall-Selitto method using SART-Stressed mice
prepared according to Kita, et al. [Folia Pharmacol. Jap., vol.
71, 195-210 (1975)]. The SART-stressed animal is an animal
model of hyperalgesia, with lowered threshold to pain
sensation, and highly responsive when applying pressure
stimulus to the tail root of the animal by a Randall-Selitto
device,.

The effect of the substance was evaulated by an analgesic
index: the quotient of the pain threshold after treatment
divided by that before treatment. The lowered pain threshold of
SART-stressed mice was elevated dose-dependently up to normal
level, when the substance of the present invention was

intraperitoneally administered.

An example of the results is shown in Table 6.
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dye extravasated at the site according to the nmethod of Kojinma and Tsutsum
[Allergy, vol. 35, 180-187 (1986)]. A polyethylene tube was inserted into
the nasal cavity froman incision in the trachea for ‘perfusion, and a
solution of dye was intravenously injected. A physiological saline solution
was perfused at 1 ml per mnute. The initial perfusate for 10 m nutes was
drained off fromthe nostrils for washing, and the perfusate of the
following 20 m.nutés was collected (Perfusate A). A physiological saline
sol ution containing histam ne was then perfused for 10 mnutes to collect
the perfusate (Perfusate B) A normal saline solution was again perfused for
10 mnutes to collect the perfusate (Perfusate C) . Each perfusate was
centrifuged and the absorbance of the supermatant was neasured at 620 nm

- 10 - A substance of the invention, which was intraperitoneally
adm ni stered 30 m nutes before histam ne %gﬁb?sion, significantly
suppressed the pernmeability of the nasal ane to the dye. An exanple of

the results is shown in Table 4. The anount
Dose of the substance of
Example 3 Average pain threshold
(si mg/kg)
2.5 : 1.35
5.0 1,51
10.0 ) 1.70 >
7. Acute toxicity:

Acute toxicity of a substance of the present invention was
measured by administering the substance intravenously or
intraperitoneally to a group of 10 ddY male mice. The LDgg
values of the substance were 60.4 Si mg/kg {i.v.} and 71.8
Si mg/kg (i.p.)}, respectively.

As apparently shown by the above-mentioned results of
pharmacological studies, the silicate polymers of the present
invention have bioclogical activities which restore and
normalize the abnormal functions of a living body due to

i diseases. For example, the substances of this invention show a
therapeutic effect on diseased conditions such as allergy or
inflammation, and elevate the lowered pain threshold in animals

under stress.

The substances of the present invention have, as
demonstrated, an effect on neurological, endocrinoclogical and
immunological systems and show an excellent activity in
restoring and normalizing the impaired functions of living body
due to diseases. They are very useful as drugs such as anti-~
allergic agents, anti-inflammatory agents, improving agents for
peripheral blood circulation and paresthesia, and analgesic
agents. Consequently, a pharmaceutical composition containing a
substance of the invention as an active ingredient is useful
for treating or preventing various diseases accompanying
allergy, inflammatién or pain, including bronchial asthma,



of dye in the perfusate was expressed as the absorbance. Table 4 Anount of
dye in the perfusate Dose of the substance of Exanple 2 (Si. ng/kQ)

Per f usat e
0.88 [err] 0.44

1.34 1.12 0.

0. 88 0. 56 5.

Sal i ne 12.5 25.0 A
0.45 0.13  0.33 [err] 0.09 B 4.07 2.40
75 [err] 0.46 C: 3.82 2.05 1.72 1.75

Ef fect on di sturbance of peripheral blood circulation:

effect of a substance of the invention on the disturbance of peripheral
bl ood circul ati on was determ ned, as an index of inproving paresthesia.
Qui nof orm was, adm ni stered to rats intraperitoneally for 27 days in
progressively increased anobunts to cause di sturbance of peripheral
circulation. The hind linbs of the quinofogsmireated rats were then exposed
to cold water at [err] for 2 mnutes. The effect of the substance in

i mprovi ng peripheral blood circulation was eval uated by nonitoring the
recovering procesdldnosife- pihtraienpeintife Wittftifer AB A phFERF2Sage
anal ysis. The sulmstahteisiaslietgiayeomivekyividisni stssratig.opeptsc ulcer,
consecutively fantérdaysiticomdivpatisd ullyradfiveUuidlakos Mineaabt®nt . An

exanpl e of the resylts;d s neboNs 1s9adaRle1usBEy ARG Ous,

gastrointestinal neurosis, autonomic dystonia, vertigo,
neuralgia, frozen shoulder, low back pain, headache, etc.

The substances of the present invention can be made into
pharmaceuticals by combining with suitable carriers or diluents
for medical use and can be made into pharmaceutical
preparations by any conventional methods giving solid,
semisolid, liquid or gaseous forms for oral or parenteral

administration.

In manufacturing such preparations, the substances of the

present invention may be used either solely or jointly in the
form of a suitable combination. Alternatively, the substances
may be combined with other pharmaceutically active components.

In the case of preparations for oral use, the substances
of the present invention may be made into tablets, diluted
powders, granules or capsules with or without suitable
additives such as conventional fillers (e.g. lactose, mannitol,

~corn starch and potato starch) as well as binders (e.g.

crystalline cellulose, cellulose dexrivatives, gum arabic, corn
starch and gelatin), lubricants (e.g. talc and magnesium
stearate}, extenders, moisturizers, preservatives and perfumes.

Alternatively, the substances of the present invention may
be mixed with a base material of fat/ecil type (e.g._cacao
butter), emulsifying base material, water-soluble base material
{e.g. Macrogol), hydrophilic base material, etc. to give a

suppository.

In the case of injections, the substances may be made into

a solution or a suspension in aqueocus solvents or nonagqueous

ones such as distilled water for injection, physiological

The
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the substance is expressed as Si ng/ kg and is shown in parenthesis.
Tabl e 5 Average skin tenperature [err] of the hind linb at 15 m nutes after
exposure to cold water Untreated group 27.7 + 0.7 Control:
qui noform treated 23.9 0.5 The substance of Exanple 1 (5) 24.2 0.2
(10) 26.3 0.2 (20) 27.0 0.3 6. Anal gesic effect: Analgesic effects of a
substance of the present invention was studied by Randall-Selitto method
usi ng SART-Stressed mice prepared according to Kita, et al. [Folia
Phar macol . Jap., vol. 71, 195-210 (1975)]. The SART-stressed animal is an
ani mal nmodel ,of hyperalgesia, with | owered threshold to pain sensation, and
hi ghly responsi ve when appl yi ng pressure

~ 14 -

saline liquid, Ringer solution, plant oil, synthetic fatty acid
glycerides, higher fatty acid esters and propylene glycol.

Further, depending upon the state of the patient, or the
type of the disease, the substances may belmade into other
preparation forms such as cintments and eye drops which are
most suitable for the therapy.

A desired dose of the substances of the present invention
may vary depending upon the patient to be treated, preparation
form, method of administration, period for administration, etc.
In genexal, 1 pg/kg to 10 mg/kg per day may be given to an
adult for achieving the desired effect.

In the case of parenteral administration such as
injections, the desired dose may be 1/3 to 1/10 as large as an
oral dose in general because of the difference of absorption.

Some prescriptions of the pharmaceutical compositions
which contain the substances of the present invention as active
ingredients are shown below as examples. These examples,
however, do not limit the present invention.
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stimulus to the tail root of the animal by a Randall-Selitto device. The
effect of the substance was evaul ated by an anal gesi c i ndex: the quotient
of the pain threshold after treatnment divided by that before treatnment. The
| owered pain threshold of SART-stressed m ce was el evated dose-dependently
up to normal |evel, when the substance of the present invention was
i ntraperitoneally adm ni stered. An exanple of the results is shown in Table

6. - 12 - Table 6 Dose of the substance of Exanple. 3
Average pain threshold (Si ng/kg) 2.5 1.35 5.0
1.51 10.0 , 1.70 7. Acute toxicity: Acute

toxicity of a substance of the present invention was neasured by
adm ni stering the substance intravenously imr -

Prescription example 1 (tablet)
Component Content in a tablet (mg)
substance of this invention ‘ 100
lactose 58
Crystalline cellulose ) 40
magnesium stearate 2
Total 200

Prescription example 2 {capsule)
Component Content in a capsule {mg)
substance of this invention 50
lactose 78
potato starch 15
magnesium stearate 2
talc
Total 150
Prescription example 3 ({injection)
Component Content in an ampule {mg)
substance of this invention i0
- saline ' proper amount
Total 1 ml




% &
intraperitoneally to a group of 10 ddY nmale mice. The [err] values of the
substance were 60.4 Si ng/kg {i.v.) and 71.8 Si ng/kg (i.p.), respectively.
As apparently shown by the above-nentioned results of pharnacol ogi cal
studies, the silicate polynmers of the present invention have bi ol ogi cal
activities which restore and normalize the abnormal functions of a living
body due to di seases. For exanple, the substances of this invention show a
t herapeutic effect on diseased conditions such as allergy or inflammtion,
and el evate the |l owered pain threshold in animals under stress. The
substances of the present invention have, as denonstrated, an effect on
neur ol ogi cal , endocri nol ogi cal and i nmunol ogi cal systens and show an
excellent activity in restoring and normal{gi_ng the inpaired functions of
living body due to diseases. They are very useful as drugs such as anti-
allergic agents,—anti-inflammtory agents inproving agents for perjpheral
bl ood circul at|{on and par esP¥rsirdpt iovd examplgedi corgmrbs). Consequentlly, a
phar maceuti cal { conposi ti on containing a substance of the invention gs an
active ingredi FNTTS usegﬁgc%gkgtrearihg T preventinq yariou5'dis ses
acconpanying allergy, in Ammat i on or pai h, including Br onchi al ast e,

substance of this invention

glycerol monostearate

white vaseline . 94

Total 100

Prescription example 5 (suppository)

Component _ (g}

substance of this invention

witepsol H-~15

Total 2.0
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-13- pollinosis, allergic rhinitis, ulticaria, eczema, contact dermatitis,
allergic conjunctivitis, gastritis, peptic ulcer, enterocolitis, idiopathic
ul cerative colitis, rheumatoid arthritis, herpes, systenm c |upus

eryt hemat osus, gastrointestinal neurosis, autonom c dystonia, vertigo,
neural gi a, frozen shoul der, |ow back pain, headache, etc. The substances of
the present invention can be made into phar maceutical s EWS&@#&I

suitable carriers or diluents for nedical.use and can be

phar maceuti cal preparations by any conventional nethods

sem solid, liquid or gaseous forns for oral or parenteral adn1n|strat|on

I n manufacturing such preparations, the substances of the present invention
may be used either solely or jointly in the formof a suitable conbination.
Alternatively, the substances may be conbined with other pharmaceutically
active conmponents. In the case of preparations for oralF %€ g ﬁ es
of the present invention nmay be nade into tablets, dilgggg'ﬁ xg

granul es or capsules with or without suit®dme additivep _suc

conventional fillers (e.g. l|actose, nmannitol,

A

1. A pharmaceutical composition containing a silicate polymer
as an active ingredient, which regulates the functions of a

living body.

2. The pharmaceutical composition is an anti-allergic agent

according to claim 1.

3. The bharmaceutical composition is an anti-inflammatory

agent according to claim 1.

4. The pharmaceutical composition is an improving agent for
peripheral blood circulation according to claim 1.

5. The pharmaceutical composition is an improving agent for

paresthesia according to claim 1.

6. The pharmaceutical composition is an analgesic agent

accordiné to claim 1,

7. The pharmaceutical composition according to any of the
preceding claims wherein the silicate polymer consists of
water-soluble silicates.

8. The pharmaceutical composition according to claim 7
wherein the water-soluble silicates are salts with alkali

metals.

——

8. The pharmaceutical composition according to claims 7 or 8
wherein the silicates are scdium silicates.

- 10. The pharmaceutical composition according to any of claims
1 to 7 wherein the silicate polymer consists of water glass.

Hllllll IHIH lllll ] I lll!
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corn starch and potato starch) as well as binders (e.g. crystalline
cel lul ose, cellul ose-derivatives, gumarabic, corn starch and gelatin),
| ubricants (e.g. talc and nagnesi um stearate), extenders;- misturizers,
preservatives and perfunes. Alternatively, the substances,of the present

I nvention may be mxed with a base material of fat/oil ty Sheet laced
butter), enulsifying base material, water-soluble base nat ' J # ﬂ
Macrogol ), hydrophilic base material, etc. to give a suppo -
case of injections, the substances may be nmade into a solution or a
suspensi on in aqueous sol vents or nonaqueous ones such as distilled water
for injection, physiological - 14 - saline liquid, R nger solution,
plant oil, synthetic fatty acid glycerides® higher fatty acid esters and
propyl ene glycol. Further, depending upon the state of the patient, or the
type of the disease, the substances may be jade intQ other preparation
forms such as o?ﬁ’t men sperlfﬁ&‘agfllgﬂd’l%p‘éo PER-AY BCRUSEREUES &8 eo‘fpc%lbet he
therapy. A desi PERFe§o88 DfaiffcvRansdp e sibicatherphr@santas gveptesrar

' weight in the range of 4,800 to 2,000,000, .

12. The pharmaceutical composition according to any of the
preceding claims wherein the silicate polymer has a degree of
polymerization in the range of 75 to 16,500.

13. A process for manufacturing a silicate polymer wherein
silicic dcid or silicate is dissolved in aqueous sclvent,

adjusted to pH 4-10, and dried.

14. The process according to claim 13 wherein a saccharide is
added to the silicate solution.

15. The process according to claims 13 or 14 wherein the

silicate aqueous solution is dried to a powder.

16. The process according to claims 13, 14 or 15 wherein the
drying method is lyophilization.

17. The use of a silicate polymer in the manufacture of a me-
dicament effective in regulating the function of a living body.

18. The use according to claim 17 wherein the medicament is an
effective anti-allergy agent, anti-inflammatory agent, agent
for improving peripheral blood circulation, agent for improving

paresthesia or an analgesic agent.

——

THIS SHEET HAS BEEN
REPLACED

A
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may vary dependi ng upon the patient to be treated, preparation form nethod
of adm nistration, period for admnistration, etc. In general, 1 [err] to
10 ng/ kg per day may be given to an adult for achi eving the desired effect.
In the case of. parenteral adm nistration such as injections, the desired
dose may be 1/3 to 1/10 as large as an oral dose in general because of the
di fference of absorption. Sone prescriptions of the pharmaceuti cal
conpositions which contain the substances of the present invention as
active ingredients are shown bel ow as exanpl es. These exanpl es, however, do

not limt the present invention. - 15 - Prescription exanple 1 (tablet)
Conponent Content in a tablet (mg) substance of this
i nvention 100 | actose - 12 -
58 Crystalline cellulose 40 magnesi um st earate
2 Tot al 200 Prescription exanple 2
(capsul e}

Abgtract

In the present invention, a pharmaceutical composition
containing a silicate polymer as an active ingredient which
regulates the function of a living body is provided. The
silicate polymer of the composition may be manufactured in a
process wherein silicic acid or silicate is dissolved in an
agqueocus solvent, adjusted to pH 4 to 10, and dried. The
silicate polymer thus produced is used in the manufacture of
medicines effective in requlating the function of living

bodies.

THIS SHEET HAS BEER
REPLAGED

This Sheet Has Been R ,i
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Conmponent - : Content in a capsule (ng) substance of this

i nvention 50 | act ose .

78 potato starch 15 magnesi um stearate

2 talc 5 Tot al

150 Prescrlptlon exanple 3 (injection) Conponent ) Content in an
anpul e (ng) substance of this invention -19 - 10 saline

proper anount Tot al 1nm - 16 -
Prescription exanple 4 (ointnment) Conponent (9)
substance of this invention 1 gl ycerol nonostearate

100 Prescription exanple 5 (suppository)
OF A LIVING BODY

ABSTRACT

In the present invention, a pharmaceutical composition
containing a silicate polymer as an active ingredient which
. regulates the function of a living beody is provided. The
silicate polymer of the composition may be manufactured in a
process wherein silicic acid or silicate is dissolved in anF
aqueous solvent, adjusted to pH 4 to 10, and dried. The
silicate polymer thus produced is used in tfie manufacture of
medicines effective in regulating the function of living
bodies. |

THIS SHEET HAS BEEN
REPLACED
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Y AVAR T -
Conmponent (g) substance of this invention /6017‘76/}
0.1 witepsol H 15 1.9 Total
2.0 17 CLAIM5S 1. A pharnaceutical conposition for use in treating
di seases acconpani ed by or associated wi 2h allergy, inflanmation or pain or
for use in inproving peripheral blood circulation or paresthesia conprising

~a phar macepdwarabf ¥a ﬁirﬁ%cbb&)e antO¢OHkritiite &oV\ﬁdrﬁfahza&wnUBf Fuidtlon§ aéfetﬂéolbbs&?r as
an active tln r.edi ent d an Bert C@*}r{)éﬁ]l er oruI | uent, conpr.i sing at | east
one nenmber °$&BEt 84 P}e {j D% j TgulaHng o, J1e51QHRe o Astrelngial,

al cohol s, @miloch'molbgmalt mqonhmnmloglaadl digfurbanvdsedus! tar funetiqphl abnoriality” ahg€llsof
4,800 to e £

pol ymer i zé’é& P%%o?ﬂﬁtsﬁe ra%1 éﬁ%?& %Q%rg@i?)h%@o&{%ﬁﬁl?g%hﬁﬁ ﬁcgeglgrrl%r nﬁ{’ﬁl‘t i's
[err] 2. A phErerReessnt é@ene%ﬁebtem tonwater-splibleesilivatesc which aresacvatéds bam
anti - al | ergh} m@ﬂzamon 31t alsd ?Hh%émﬁiﬁldg&ﬁll Caeﬁwmstaaeesac%ngi ridEeehid Rifch@ M

ol 2 med ?po?” PR Whih TRt a0 Iagitam B THavion o 9ars pAdY by et =
circul ati omarmahzmg the lowered cell functions due to diseases. It further relates to a
pbarmaceutical composition containing said silicate polymer as an active ingredient, and
to a method for manufacturing the same.
Silicon is a natural element widely spread in organisms of the animal and plant
kingdoms. In particular, it exists as silicate in animal tissues like hair, feather, bone and
skin and is known as an essential element in osteogenesis. In animal tissues, it is

involved in cross linkage of collagen tissues and is present in acidic mucopolysaccharide
as one of the components. Silicon is thus an essential element for the living body. It is
known, additionally, that silicon has pharmacological activities such as immuno-
suppression through its anti-macrophage activity and anti-diabetic activity, when
administered to animals.

Some silicates like magnesium silicate and aluminum silicate are widely used as
anti-acid pharmaceutical products. However, it has not been reported that a silicate
polymer has any specific pharmacological activities.

The objects of the present invention are to provide novel silicate polymes which
regulate the function of a living body, a method for manufacturing the same and a
pharmaceutical composition containing said polymer as an active ingredient.

According to one aspect of the present invention there is provided a pharmaceutical
composition for use in treating diseases accompanied by or associated with allergy,
inflammation or pain or for use in improving peripheral blood circulation or paresthesia
comprising a pharmaceutically effective amount of a water-soluble silicate polymer as an
active ingredient, and an inert carrier or diluent comprising at least one member selected
from the group consisting of saccharides and sugar alcohols, said silicate polymer having
a molecular weight in the range of 4,800 to 2,000,000 as determined by gel-filtration
and a degree of polymerization in the range of 75 to 33,000 wherein the monomer unit is

—(Si0y)— -

According to another aspect of the present invention there is provided a
pharmaceutical composition comprising a pharmaceutically effective amount of a water-
soluble silicate polymer having a molecular weight in the range of 4, 800 to 2, 000,000 as
determined by gel—flltratm;} and a degree of polymerization in the range of 75 to 33,000,

REPLACEMENT SHEET
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5. A pharnmaceutical conposition as clainmed in claim1 which is an

i nproving agent for paresthesia. 6. A pharnaceutical conposition as
claimed in claim1 which is an anal gesic agent. 7. A pharnmaceuti cal
conposition conprising a pharmaceuticallg effective anount of a

wat er - sol ubl e silicate polymer having a nmol ecular weight in the range of
4,800 to 2,000, 000 as deter .ned ?%loggl-flltrat on an a_ degr ee. of .
pol ymer i za¥RGRIY GPHEIOF%&B‘&? 75 3, 06 2 ffHY eéltﬁ%}ﬁlg%}ne{frﬁafn‘i’rs
-(Si @) - ,ora(ﬁhﬁﬁt@(%lbﬂsqng Qgﬁ&ﬁhﬁ&g and an |nert carrl er or diluent

h t I Tl [
Talm 7 wher oi A HENY O 16 HRJEIN MG S ToAr (A BRa . B Preseht

wat er - sol uhbmtmnlwﬂblbeegwe@beloﬂ phar nmaceutical conposition as clained in

| 8 wh . h
a1 kal| ot al o, Wetr SUACH TR i & Sllg BLERiRF By RloBllcafy polyfint {1
wher ei n t hertlwisilicatet @sp@tammmdnemﬂmatq mtselwc aqid wnmnmnaémaldach as water

conposi ti g a@a&%sﬁ sgaél%&l i Bn mg 9?1 es&c& @ﬁd%qhé&ﬁtsﬁluﬁ%m’%ﬂwh& displays

pol ymeri z

claimed iR bl@lHHWaW@e#fe‘ﬁrPr?ﬁ?’éa ?a@c@@é\‘ﬁt&]&ﬂ ?‘guq?%wg&gezui@ %lilag_ 2

4-9.5, by use of a conventional acid such as hydrochloric acid, sulfunc acxd or acetic
acid. Tt is desirable to add a saccharide such as lactose, mannitol, sorbitol, sucrose,
glucose, fructose or galactose to the aqueous solution. A salt
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- 18 - 11. The pharmaceutical conposition according to any of the preceding
clains wherein the silicate polyner has a nol ecul ar weight in the range of
4,800 to 2,000,000. 12. The pharnaceutical conposition according to any of
t he preceding clains wherein the silicatg polymer has a degree of
pol yneri zation in the range of 75 to 16,500. 13. A process for
manuf acturing a silicate pol yner wherein 'é{icic acid or silicate is
di ssol ved i n aqueous sol vent, adj uste?%ﬁg 4-10, and dried. 14.  The
pr Iocejss accor di.ng A phatmdoeuticl whmpesition feratse ha teaing diseasefearcompanied byl drcat e
sol.uti on. ; yolg | ' ri Il

aﬁ)maté-d"%@ ﬂf&%ﬁ,i. &?lgﬁinﬁiis it éi%;[ﬂ dr%dth 3t F8r dst B imftoVWhE 'pRkiBhéra blood

silicat t wder, 16. _Th

T e o ke ey B RCas LB epSh 103 S e

use of @ Solitielicas pigateria et gtalidn) endod eearrif o2 dnent ebfrpeisinge | 1
unction o i yi . . o . i '

wher ei n t??é i QoGraTmbe gﬁe(g?qletg(?qlv@egﬁ{qugaﬁng;gi :%tgg%% i A ShE™ 17

anti - i nf | aiealiols, ysaad) silicateapelymef dravingpa omplegnipe mejghérial tho| woge «fr 4,808t foon,

agent for 45 556 8h 39 dBRFAHADY sb1- iAo’ H8Sire 885 ymeritoninithd riiye HEEN

75 to 33,000 wherein the monomer unit is —(SiO2)— -

2. A pharmaceutical composition as claimed in claim 1 which is an anti-allergic
agent.

3. A pharmaceutical composition as claimed in claim 1 which is an anti-
inflammatory agent.

4. A pharmaceutical composition as claimed in claim 1 which is an improving
agent for peripheral blood circulation.

5. A pharmaceutical composition as claimed in claim 1 which is an improving
agent for paresthesia.

6. A pharmaceutical composition as claimed in claim 1 which is an analgesic
agent.

7. A pharmaceutical composition comprising a pharmaceutically effective
amount of a water-soluble silicate polymer having a molecular weight in the range of
4,800 to 2,000,000 as determined by gel-filtration and a degree of polymerization in the

range of 75 to 33,000, wherein the monomer unit is —(Si02)——, as an active

ingredient, and an inert carrier or diluent comprising a saccharide. .

8. A pharmaceutical composition as claimed in claim 7 wherein the silicate
polymer is a polymerization product of water-soluble silicates.

9. A pharmaceutical composition as claimed in claim 8 wherein the water-
soluble silicates are salts of silicic acid with alkali metals.

~ 10. A pharmaceutical composition as claimed in claim 9 wherein the silicates are

sodium silicates.

11. A pharmaceutical composition as claimed in claim 9 wherein the silicate
polymer is a polymerization product of water glass.

12. A pharmaceutical composition as claimed in claim 7 wherein the saccharide
is lactose.
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A PHARMACEUTICAL COMPOSITION REGULATING THE FUNCTION

OF A LIVING BODY

ABSTRACT

In the present invention, a pharmaceutical composition
containing a silicate polymer as an active ingredient which
. regulates the function of a living body is provided. The
silicate polymer of the compésition may be manufactured in a
process wherein silicic acid or silicate is dissolved in ans
aqueous solvent, adjusted to pH 4 to 10, and dried. The
silicate polymer thus produced is used in the manufacture of
medicines effective in regulating the function of living

bodies.




