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crucial for the manifestation of sucralfate's therapeiti ¢ effEcts.
Sucral fate's SUCRALFATE AQUEOUS SUSPENSION
AND ITS METHOD OF PREPARATION
FIELD OF THE INVENTION
5 This invention relates to aqueous suspension stock
for use in production of preparations of basic aluminum
salt of sucrose sulfate (sucralfate) and its method of
production. '
BACKGROUND OF THE INVENTION
10 Sucralfate is used as a therapeutic agent in the

treatment of gastritis, and gastric and duodenal ulcers.

The selective adhesion of sucralfate on the ulcer
or area of inflammation is crucial for the manifestation
of sucralfate's therapeutic effects. Sucralfate'st

15 physiological features are as follows: sucralfate’s
particles are non-selectively adhered on the tissue protein;
sucralfateiadheres to the injured area upon contact with
the gastric juice, which increases the viscosity of the
sucralfate; and through the manifestation of a combined

20 action which binds the sucralfate to the pepsin dispersed
in the stomach aqd.consequently inactivates the pepsin, the
sucralfate improves the organism's recovery mechanism and
promotes the functioning of the organism’'s defense system
resulting in cure of the ulcer or inflammation.

25 As described in Japanese Patent Publication Nos.
44-11673 and 44-18037, sucralfate is obtained by reaction
between the salts of sucrose sulfate and basic aluminum
chloride, and the resulting wet powder is dispersed,
and then heat drying (spray drying). The resulting dry

30 powder is used as the bulk material when producing solid
preparations due to ease of production.

Taking into account sucralfate's insolubility
in water and 1ts mechanism of adhesion on protein, it
is important to mill the sucralfate as finely as possible

35 in order to increase its surface area.

Conventionally, the sucralfate aqueous suspension
has been prepared by mechanically milling sucralfate dry
powder, obtained from wet powder by heat-drying, and then



15 physi ol ogi cal features are as follows: sucralfate's particles are
non-sel ectively adhered on the tissue protein; sucralfate adheres to the

i njured area upon contact with the gastric juice, which increases the
viscosity of the sucralfate; and through the manifestation of a conbined 20
action which binds the sucralfate to the 4q2psin dispersed in the stomach
and consequently inactjvates the pepsin, the sucralfate inproves the
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dlspersed,s of a process of drying, milling, and then resuspending the
dry powder in water, is operationally defective and éntails
high costs, (2) there is considerable variation in particle
size due to milling of the powder in a dried form, (3) there
are pollution problems which arise in the workplace due

10 to fine powder escaping during milling, and (4) pollution
is likely to occur due to escaping particles of milled
sucralfate powder when filling and sealing containers or
when adjusting the production process.

Moreover, since the conventional method requires that

15 once reaction with basic aluminum chloride is complete the
resulting sucralfate wet powder be separated by centrifugal
manipulation: and then dried, it was not possible to design
an industrially successive or continuous production process
or to plan for efficiency in mass production.

20 DISCLOSURE OF THE INVENTION .

By employing the method(s) described in Japanese
Patent Publication Nos. 44-11673 and 44-16037, for example,
namely causing a reaction between the salts of sucrose
sulfate and basic aluminum chloride (e.g., aluminum

25 hydroxychloride, polyaluminum chloride), the sucralfate
pertaining to this invention is obtainable.

The wet sucralfate is then washed with water,
suspended in either water or other aqueous medium, and
subjected to milling process. In order to formulate a

30 sucralfate suspension stock of the desired concentration,
the volume of the stock can be adjusted by adding or
removing the appropriate amount of medium. If necessary,
however, the wet sucralfate powder before centrifugal
separation or other such method can be used, as suspended

35 in water or other aqueous medium and subjected to milling.
The volume of water or other aqueous medium can then be

increased in order to obtain the desired concentration in
the sucralfate suspension stock. '
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afd then heat drying (spray drying). The resulting dry 30

_ _ : _ / This gmd r is used
as the bul k material when producing solid preparations due Replaced
production. Taking into account sucralfate's insolubility i & El S
mechani sm of adhesion on protein, it is inportant to mll t as
finely as possible 35 in order to increas&-its surface area.

Conventionally, the sucral fate aqueous suspensi on has been prepared by

mechani cal by nilling Bud@alembod imeptpofdshisobnaensdons otheerqpeatsr by
heat-drying, afifsgdifilon stdck for production of sucralfate preparations

is obtained by directly milling the separated wet powder,
omitting the drying.step after reaction between sodium

5 sucrose sulfate and basic aluminum chloride and followed
by washing the resulting sucralfate in water. The wéshing
procedure is needed to remove the unreacted material, as
well as the comparatively large quantity of chlorine ions
present as a result of the reaction, which remains in the

10 reaction mixture during sucralfate production. 1In this
invention, the reaction by product as above is eliminated
through the repeated process of allowing the mixture
to precipitate, exchanging the supernatant with water,
agitating the mixture, and again allowing the mixture

15 to precipitate; finally, the mixture is centrifuged and
the sucralfate wet powder results. After dispersing and
milling this wet sucralfate in water or other aqueous
medium, sucralfate suspension stock is obtained.

In another embodiment of this invention, the desired

20 sucralfate aqueous suspension stock is obtained by milling
the dispersed sucralfate without prior centrifugation, that
is, the dispersed sucralfate in water is obtained from the
reaction mixture through repeated process as above. With
this method, it is possible to reduce the chlorine ion which

25 arises during the reaction and reduce the number of washing
cycles by using a basic aluminum chloride substance, such
as basic polyaluminum chloride of higher basicity degree in
the reaction. Additionally, by deleting the centrifuging
step, this method simplifies the suspension stock production

30 process, thereby making the process suitable for mass
production and reducing the amount of wastes.

In regard to the concentration of the sucralfate
suspension stock produced by this invention, the desired
concentration can be set by adjusting the amount of water

35 or other aqueous medium present at the time of milling.
A sucralfate concentration of 1-2 g/mQ and if possible
in the range of 1.1-1.5 g/mQ ls conslidered preferable.
The closer the concentration is to 1.2 g/mR, the more




réconbi ning the dry powder with water and then preparing the final product.
This met hod of production is not considered technol ogically advanced due to
certain inherent flaws; specifically, (1) this nethod of production, which
consists 5 of a process of drying, mlling, and then resuspending the dry
powder in water, is operationally defectivg-and entails high costs, (2)
there is considerable variation in particle size due to mlling of the
powder in a dridedirebie.(3)nt parsiandapol thei avepagel pastiwiehiarise in the

wor kpl ace due wefetrab&wﬁnaegggb ﬁacapwgtﬂwgﬂg %Lt@gco&pg gﬂuon

pollution is likely to occur escapin sucral fate
powder when fi lisi §§tafd dedrin§ €6ﬁ@alﬁérgvén mﬁéﬁbhﬂjaggrﬁéf@h@ producti on

process. Mreoseispedisien sheckonyerthelak Bt Begargeri iR8ot Water and
5 slurry components, 1s obtainable.

Provided the milling apparatus used to mill the
sucralfate forms particles under 50 um, there are no
particular requirements for the type of machine used.

The time required to micronize the particles depends

10 on the capabilities of the apparatus, but normally it
is advisable that the:micronization process is repeated
for 3-30 minutes, or if possible 5-20 minutes, at room
temperature or below temperature with cool water (10-25°C)
until the desired particle size is attained. '

15 It is possible to add certain preservatives, such
as benzoic acids, or p-hydroxy benzolic acid esters, and
chlorobutanol, to the aqueous medium described in this
invention in order to prevent the spread of microbes and
other such organisms. This sort of preservative does

20 not affect the characteristics of the sucralfate itself
and allows, for example, transport of the substance
from production site to preparation produced site and
long-term storage of the suspension stock in containers.
Additionally, it is possible to heat sterilize the

25 sucralfate suspension stock either in addition to or
instead of adding a preservative. Heat treatment is
normally performed after production of the liquid bulk
substance, before long-term storage or movement to a
different preparation or production facility, for example.

30 It is preferable to perform sterilization at about 95-100°C
for approximately 10-30 minutes.

The sucralfate aqueous suspension stock obtained from
this invention 1s used as stock for sucralfate suspension
preparations either as is or in a diluted form depending

35 on the concentration; it can also be used as the stock
for producing preparations such as an agueous cream or
a poultice. —
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15 once reaction with basic alum numchloride is conplete the resulting

sucral fate wet powder be separated by centrifugal nanlmmkghagguggg
dried, it was not possible to design an industrially suc ﬂ
tion.

conti nuous production process or to plan for efficiency
20 DI SCLOSURE OF THE | NVENTI ON By enpl oygag the nethod
Japanese Patent Publication Nos. 44-11673 and 44-16037, for exanple nanely

causi ng a reacBRIEFhEXREANAIRONS Ft THEf DRARINGS sul fate and basic al um num
chloride (e.qg., alun1@q@hg§ digo ﬁhoébﬂ rPR yﬁhgﬂﬁﬁgggg?lgghgf% t he

sucral fate pertalnln&ﬁto thls |nven sucra ?ate
i s then washedPROPRTE Fér?fs§§ﬁéﬁé§§tﬁnaéﬂﬁhé$ an59¢n6100thé@cthEQQSCGG

medium and by the wet method of this invention (ULW-M) and suspension
5 stock produced by the conventional dry method (ULD-M).

Figure 2 is a graph showing the in vivo inhiéitory
effects of ULW-M and ULD-M in Shay ulcer in rat.

Figure 3 is a graph showing the in vivo inhibitory
effects of ULD-M and ULW-M in ethanol-induced acute gastric

10  mucosal lesion.

Figure 4 is a graph comparing ULW-M and ULD-M in
terms of protein absorptivity and pepsin inhibitory effect.

Figure 5 is a graph showing a comparison of protein
absorptivities in suspension preparations produced from

is5 sucralfate aqueous suspension stock (ULW-M). ULW-C
represents preparations which were produced from ULW-M
using production example 5.

Figure 6 is a graph comparing the in vivo inhibitory

effects of ULW-M and ULW-C samples on ethanol-induced acute
20 gastric mucosal lesion.

The following are reference examples, cases, and
experimental examples, intended to further clarify this
invention. The breadth of this invention is not, however,
limited to these examples.

25 Reference Example 1: Method of producing wet sucralfate

When 10 g of sodium sucrose sulfate (sulfur content
of 11.74%) was dissolved in 100 m2 of water, and gradually
combined with a mixture of 6 g of aluminum dihydroxy
chloride dissolved in 100 mg of water, a white-colored

30 precipitation slowly became visible. Next, the pH was
adjusted to 4.5 ~ 5.0 by adding 1N sodium hydroxide, after
which the solution was agitated for about 30 minutes at
room temperature, and the white-colored precipitation was
filtered. After washing the precipitation several times

35 with water and removing the unreacted sucrose sulfate,
17.2 g of wet powder was obtalned. The powder had an
aluminum content of 14.2% and a sulfur content of 8.61%.




subjected to mlling process. In order to fornulate a 3ﬁﬁ sucralfate

suspensi on stock of the desired concentration, the vol mm¢an
be adj usted by addi ng or renoving the appropriate anount ! m
necessary, however, the wet sucral fate powder before ce ation
or other such nethod can be used, as susp@rded 35 In water or other
aqueous medi um and subjected to nllllng The vol une of mater or other
aqueous nedi urRefarqrneg) Bxs : aig :

concentration 4@, 408 SufE Qixfts‘?xc%‘ﬁlc}?ea”c% %w’?iteqﬁliconve'nrfl%’ﬁa‘im%%gﬁr’t of

this inventiom the agueous
When 800 mQ2 of water was added to 380 g of sucralfate

wet powder obtained by the method described in Reference

5 Example 1 and agitated at high speed (3000 - 4000 rpm),
sucralfate slurry was obtained. The slurry was then
sprayed under pressure from the upper section of a spray
dry apparatus, and simultaneously treated with blowing
hot air, 155 - 220°C, also from the same upper section,

10  thereby removing the moisture in the slurry. The sucralfate
dry powder was then removed from the-lower section of
the apparatus and subsequently micronized using an impact
pulverizer. By suspending the resulting 1 g of milled,
micronized sucralfate dry powder in 4 mg of water,gabout

15 5 m2 of sucralfate aqueous suspension was produced.
Reference Example 3: Production of basic aluminum chloride

Ten grams of aluminum chloride hexahydrate were

dissolved in 45 mQ of distilled water, after which 3.35 g of
granular metallic aluminum was added. The mixture was then

20 heated by steam bath in a container equipped with a reflux
condenser. In the process of evolution of hydrogen gas, the
mixture reacted violently. After the metallic aluminum in
the mixture was dissolved, the reaction mixture was cooled,
and small quantities of sediment were removed by filtration.

25 As a result, 49 m@ of a colorless, clear solution of basic
aluminum chloride was obtained. The basicity degree of the
substance was 0.75. When the same method was employed with
greater amounts of granular metallic aluminum, the resulting
basic aluminum chloride aqueous solutions had basicity

30 degree of 0.80 and 0.83.
Case 1

Eighty milliliters (80 mg) of basic aluminum chloride
(basicity = 0.83, AQ content: 10.6%, CQ content: 7.15%)
was added to 820 mf of water. While vigorously agitating
35 the mixture, 100 mf of sodium sucrose octasulfate solution
(found to contain 21.4 g) was added. After stirring for §
minutes at room temperature, the reaction solution was left
undisturbed, and the supernatant was removed by decantation.



suspensi on stock fQ%m%ﬂaP ctlon of sucralfate preparations is obtained by

directly mlling the ce'éowder omitting the driyi ng step after
reacti on between sod e sul fate and basic al um num chl ori de and
fol |l oned by mashing sucralfate in water. The washing

procedure i s needed to reane the unreacted nhterial, as well as the
conparatively large quantity of chlorine ions present as a result of the
reaction, which r&hanbnsaffiernaddbng waberiomcen agaie andiagltatingftie

production. In t Bb3ukR¥ANt £AB. sb*ﬂﬁtl@ﬁ%ﬁ@”l@f’t puﬂ@ygtu@&e@bov,@ftér having

el imnated through the repeated process of allow ng the m xture P
preci pitate, exchﬁﬁ@?ﬁﬁegh§h§ubé?ﬁﬁ§§n§ GPes natle  tabhl avPhgme nef nth ur e,
and again aIIomnnglkh&ralwhured}ﬁsteHObﬁrs@ﬁpnga&etefInﬂlbydefheonpxémmeels

centrifuged a%q 45 m2 of slurry. The slurry was then immediately.wet-milled

for 10 minutes in a bench-top colloid mill (Mill Mix:
manufactured by Nihon Seiki Seisakujo), giving rise to
40 m2 of sucralfate aqueous suspension stock (ULW-M).
The concentration of the stock was 1.2 g/m2 of sucralfate.

10 When analyzed by a laser-diffraction equipment for particle
size distribution measurement (manufactured by Nikkiso),
the stock was found to contain particles of 50 ym or less,
forming in 97.5% of all particles.
Case 2 t

15 Using basic aluminum chloride of different basicities
(0.87, 0.80, and 0.83), sucralfate aqueous suspension
stocks were produced as described in Reference Example 3.
The number of washing cycles during production, after
the reaction, for each sucralfate wet powder slurry was

20 compared. The results are shown in Table 1.

Table 1
No. of Washing
Basicity Cycles
0.87 5
25 0.80 2 - 3
0.83 2 -3

It was found that performing the micronlzing process
immediately after washing process was possible. Further, it
became clear that as the basicity of basic aluminum chloride

30 increased, the number of washing cycles could be decreased.
Case 3 '

After combining 513 g of sucralfate wet powder,
produced in Reference Example 1, with 632 mR of water and
dispersing the powder, the mixture was wet-milled for 20

35 minutes at an open angle of 30° and a speed of 5,000 rpm



the sucralfate wet powder results. After dispersing and nilling'thié met

sucral fate in water or.other aqueous nedium sucralfate su ¢ﬂﬁs&$m
obt ai ned. I n another enbodi nent of this invention, the desi

sucral f at e agueous suspension stock is obtained by mlling t

sucral fate wthout prior centrifugation, -ghat is, the disper sucra ate

in water is obtained fromthe reaction m xture through repeated process as
above. Wth t isingeghbencht-tiop poldidphdemialr édite Mhe: chhanufiectonedhi ch 25
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5 laser-diffraction equipment for particle size distribution
measurement (produced by Nikkiso)}. This process resulted
in about 1 liter of aqueous suspension stock for use in
production of sucralfate preparations {(ULW-M).

For purposes of comparison, unmilled, aqueous

10 suspension stock (ULW) was prepared by simply shaking
sucralfate wet powder in water, identical to the.:same
sample of this case without milling process.

For further comparison with the conventional example,
328 g of spray-dried sucralfate dry powder without:milling

15 process was added to 823 mR of water and then thoreughly
mixed to form about 1 liter of suspension (ULD). '

Additionally, 337 g of milled sucralfate, produced
by micronizing of spray-dried sucralfate dry powder with
an impact pulverizer, was combined with 817 mR of water,

20 followed by thorough mixing of the mixture, about 1 liter
of suspension (ULD-M) was prepared.

Each sample was evaluated in a similar manner in
terms of particle-size distribution and time-sequential
changes in the sedimentation volume ratio (%).

25 The particle-size distribution results and the
time-sequential changes in the sedimentation volume ratio
appear in Tables 2 and 3, respectively.

Table 2

Particle-Size Distribution

30 Sample Below 50 um (%) Average (um)
ULW T74.6 43.7
ULW-M 97.7 13.7
ULD 82.2 27.5

" ULD-M 100.0 8.0




30 process, thereby making the process suitable for mass production and
reducing the amount of wastes. In regard to the concentration of the
sucral fate suspensi on stock produced by this invention, the desired
concentration can be set by adjusting the anmpbunt of water 35 or ot her
aqueous nedium present at the tine of mlld4gyyg. A sucralfate concentration
of 1-2 g/mQand if possible in the range of 1.1-1.5 g/mQ is considered
preferable. The cl oser the TambendratIetimen tak ilorP mx rRatidie nore
-4- desirable. In particular, the average particle is

Sedimentation Volume Ratio (%)

Days Lapsed
Sample 0 1 2 4 8 10 19 31 48

5 ULW 100 64 62 62 62 62 61 61 61
ULW-M 100 83 71 70 70 70 88 68 68
ULD 100 o8 83 85 84.5 84.5 84 83 82.5
ULD-M 100 98 88 82 81 80.5 79 79 78

Case 4

10 The sucralfate aqueous suspension stock of this
invention (ULW-M), which was prepared in Case 3, and
particles of the comparison samples (ULW, ULD, and ULD-M)
were evaluated in terms of changes in particle size
distribution.

15 After storing each sample for either 58 days at room
temperature or 43 days under accelerated condition at 50°C,
the average particle-size distribution particles below 50 um
were determined by laser-diffraction equipment for particle
size distribution measurement (produced by Nikkiso).

20 The results appear in Table 4.
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preferable under 50 [err]. If the sucralfate concentration is set at
1.1-1.5 g/nferr], an even, stable sucral fate suspensioh stock, difficult to
separate into water and 5 slurry conmponents, is obtainable. Provided the
mlling apparatus used to m|l the sucralfate forns particles under 50 pm
there are no particular requirements for-tfBe type of machi ne used. The tine
required to mcronize the egrticles depends 10 on the capabilities of the

apparatus, but normally it a on process i s
repeated for 3-30 minutes, or if pOSSIb|e - m nut es, roomtenperature
or bel ow tenmperature with cool water (108 5 Erﬁg aﬁﬁtll g desir a
particle size is attained, 18 | £T EFbPE to aﬁ gg gal ays
preservatives, such nitia room emperature
Avg. Particle Avg. Particle Avg. Particle
5 Size (um) Size (pm) Size (pm)
Accum. (%) Accum. (%) Accum. (%)
Sample under 50 Hm under 50 um under 50 pm
ULW 43.7 41.8 38.0
T74.6 78.9 74.9 -
10 ULD 27.5 25.4 24.2
82.2 84.5 86.5
ULW-M 13.7 13.7 13.1
87.7 897.7 98.2
ULD-M 8.0 7.8 7.8
15 100.0 100.0 100.0
Case S5

After storing the sucralfate aqueous suspension
stock of this invention for 58 days, the agglutinability
of the stock under an acidic condition through addition

20 of hydrochloric acid was investigated.

After storing the sucralfate aqueous suspension stock
of this invention (ULW-M), which was prepared in Case 3, and
conventionally prepared sucralfate (ULD-M) for 58 days at
room temperature, 6 m2 of 0.1N hydrochloric acid was added

25 to 1 g samples of both stocks (each equivalent to 200 mg
of sucralfate). The samples were then observed with the
naked eye for agglutipnation during shaking, and the time
required for agglutination was measured. The judgment as
to whether or not each mixture had agglutinated was made

30 after 30 minutes. :

The results appear in Table 5. They represent the
average measurements of three trials.
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as benzoic acids, or p-hydroxy benzoic acid esters, and chlorobutanol, to
t he aqueous nedi um described in this invention in order to prevent the

spread of m crobes and other such organisns. This sort of s e
20 not affect the characteristics of the sucralfate itsel
for exanple, transport of the substance #Lam production sit on

produced site and | ong-term storage of the suspension stock in containers.
Additionally, it is possible to heat st#ablez& the 25 sucral fate
suspensi on stock either in addition to or instead of adding a preservative.
Heat treatment is nor®@mteperforned after production of the Iiquid bulk
substance, before | ondSteredsedr age dimgoenent to a different preparation
or producggon faci|it;oopopegyage|e.agglutination Observation

for 58 day (seconds) after 30 min
ULW-M 264 Agglutinated
ULD~M - Not agglutinated

Case 8
B After adding 383 g of wet sucralfate powder to

10 797 m2 of water and dispersing the powder, the mixture
was wet-milled with a bench-top colloid mill (Mill Mix:
produced by Nihon Seiki Seisakujo). About 1 liter'of
aqueous suspension stock for use in production of sucralfate
preparations was thus obtained. While milling, sampling

15 was performed at S-minute intervals, and average particle
size, particle size at the 50% accumulation level, and the
percentage of particles below 50{§ﬁ;were investigated using
laser-diffraction equipment for particle size distribution
measurement (produced by Nikkiso)}. The results appear in

20 Table 8.
Table 8
Particle Size
at 50%
Milling Average Accumulation Particles
25 Time Particle Level below 50 um
(Min) (#m) (um) Percentage (%)
0 30.1 22.3 81.2
5 14.9 10.1 96.5
10 12.9 8.7 98.5
30 18 12.1 8.0 99,0

From Table 6, it is clear that after about 5 minutes,
the distribution of particles below 50 um was greater than
98%, and after about 10 minutes both average particle size



300 It is preferable to performsterilization at about 95-100[err]C for
approxi mately 10-30 m nutes. The sucral fate aqueous suspensi on stock
obtained fromthis invention is used as stock for sucral fate suspension
preparations either as is or in a diluted formdepending 35 on the
concentration; it can also be used as the-igg-ock for producing preparations
such as an aqueous cream or -5 - BRI EF EXPLANATI ON OF THE DRAW NGS
Figure 1 is a apdpracbhpke isige et priot 0% Haowmimg giriepe ritevesl dfads ucraaltfeat e
aqueous suspengd oM REHE K BFLAURSE degree.

Case 7

The sedimentation characteristics of aqueous
5 suspension made of sucralfate dry powder obtained from
Reference Example 2 (ULD-M) and aqueous suspension made
of sucralfate wet powder obtained from Case 6 (ULW-M)
were investigated.
Two, 100 mR samples of each aqueoué suspension
10 stock were infused into separate 100 mg messcylinders and
allowed to stand at either room temperature or 50°C. The
sucralfates sedimented, all separating into an upper layer
of water and a lower layer of sucralfate slurry. The ratio
of the slurry layer to the whole varied according fo the
15 type of suspension and the temperature, but after about
one week all suspensions reached to nearly invaluable
value. The ratio of the volume of slurry to the whole
after one and two weeks, in addition to the density of the
sedimented slurry portion after 2 weeks (average density),
20 was measured. The results appear in Table 7.

Table 7

Volume of the Density of the
sedimented slurry layer sedimented slurry

After 1 week After 2 weeks

25 ULW-M 64% 63% 1.18 g/mQ2
(59%) (59%) (1.19 g/m2)

ULD-M 82% 62% 1.16 g/me

{(55%) (55%) (1.20 g/mQ)

Note: The values inside the parentheses represent
30 values obtained from samples allowed to stand
at 50°C.
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by the wet method of this invention (UUWM and suspension 5 stock produced
by the conventional dry nmethod (ULD-M. Figure 2 is a graph showing the in
vivo inhibitory effects of UWMand ULD-Min Shay ulcer inrat. Figure 3
is a graph showing the in vivo inhibitory effects of ULD-Mand UUWM in

et hanol -i nduced acute gastric 10 nmucosatlBesion. Figure 4 is a-graph
conparing UUWM and ULD-Min terns of protein absorptivity and pepsin
inhibitory effect. Fi@heetsoisugpgrappnsaburhyes badpaaiisbndehsptbesin

absorptiviti eSoE’“aﬁB%BQmﬁxb%l?r epar %I/hﬁ“siﬂaPébJEEHgf £ER dR1stEHEE a&%aée
agueous suspen resents prepar ations which were

si on
produced fron16kgf ilﬁéuﬁFng%Pﬁﬁﬁyeﬁé hgcg the water layer does not

separate further. This critical slurry concentration
5 depends on the particle size of the sucralfate, and even
if the particle size is reduced, the concentration may be
lowered so that the water layer does not separate further.
As shown in Table 7, the aqueous suspension obtained from
this invention has a particle size set no higher than 50 um,
10 and if the sucralfate concentration is set no lower than
1.2 g/mQ, a uniform sucralfate suspension which is difficult
to separate into two layers, water and slurry layers, can be
manufactured.
Case 8 | N
15 The stability of two suspensions prepared ih
accordance with Case 7 was Investigated.

Each suspensions (at room temperature and S50°C) was
sampled periodically and at every sampling the equivalent
of about 1 g of wet powder obtained by filtration was

20 digsolved in 10 m2 of the mixture of sulfuric acid and
sodium hydroxide. After adding 15 mQ of 0.1N sodium
hydroxide to each sample, affording a clear solution, 50 ug
of each solution was analyzed by high performance liquid
chromatography (HPLC). The results appear in Table 8.
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Figuré 6 is a graph conparing the in vivo inhibitory effects of ULW M and

ULVVC:sanH%e on, et hanol -i nduced acute 20 gastric nucosal |esion. The

: 1S he ) d .

fol |l ow ng npl es, cases, and experinental exanples,

i ntended to fy this invention. The breadth of this invention

I's not, ho to these exanpleb4- 25 Ref erence Exanple 1

Met hod of producing wet sucralfate Wien 10 g of sodi um sucrose sulfate

(sul fur content of 11.74% was dissol veliabkhe 180 nferr] of water, and
gradual |y conmbined with a mxture of 6 g of alum num di hydroxy chl oride

di ssolved in 100 nferr] of water, aPS@itdres|Rreke 30f Ogpkasikisaerioh slowy

becane visible. Next, the pklx?s ad%usted‘To 5 - 5.0 by addi ng TN sodfum
hydr oxi de, after ter Days After 8 Days After 13 Days

ULW-M 98.1 98.3 o 98.4

5 (1.9) (1.7 (1.8)
97.7 97.0 98.3

(2.3) (3.0) (1.7)

ULD-M 897.0 95.8 97.0

(3.0) (4.2) ‘(3.0)

10 97.5 96.3 96.6
(2.5) (3.7) (3.4)

Note: For each sample, the upper values represent
the values obtained with samples stored
at room temperature and the lower values
15 represent the values obtained with samples
stored at 50°C. The values inside the
parentheses represent the HPLC peak area
ratio of heptasulfate (%).

There was not found to be a periodical change in

20 the ratio of octasulfate or the heptasulfate between both
suspensions,

Since a little decomposition of ULD-M into
heptasulfate ester is formed to be occurred in the heat-
drying process of wet sucralfate powder, ULW-M is superior

25 in terms of stability.
Case 9
Using two suspensions ldentical to those in

Cases 7 and 8, the acid-neutralizing behavior of each

was Investigated.

30 By dispersing each suspension equivalent to 150 mg of

sucralfate in 80 m2 of distilled water at room temperature,



mhiéh'the solution was agitated for about 30 m nutes at roomtenperature,
and the white-colored precipitation was filtered. Aft erhism&hkﬁg;e&mﬁlaced

precipitation several times 35 wth water and renovin d
sucrose sulfate 17.2 g of wet powder was obtained. The
al um num content of 14.2% and a sul fur ceaxrfient of 8.61% - o- erence

Exanpl e 2: Preparation of aqueous suspension stock using dry sucralfate
powder (convefPibemed Y hoely vivkew B0 rdd jorg |d mfpwisteer0 Miab tectiexttlo 380 g of

sucral fate weicpeWdgdeP0s 81 PRthPy die FRt0d dasE{Rae I Raf 4&ESH

change were observed with the naked eye, recording addition
volume. The results appear in Table 9.

5 Table 9

Addition volume and pH
at the time of change of

suspension condition of Addition volume
glutinous state per sucralfate
10 ULW-M 4.5 mQ 0.029 mR
pH 2.7
ULD~-M 6.2 mR 0.044 'mg
pH 3.2

As shown in Table 9, suspension obtained from this
15 invention changes into a viscous substance {glutinous state)
at a lower addition volume than does conventional ULD-M.
Test Example 1
The in vitro activities (protein absorptivity and
antipepsin activity) of sucralfate aqueous suspension
20 stock prepared from the wet powder of this invention (ULW-M)

and suspension stock prepared from conventional dry powder
(ULD-M) were compared.

(Protein absorptivity)
About six gram of bovine serum albumin (BSA) was
25 measured out precisely, and dissolved in a Clark-Larks
buffer solution (CLB) to make a BSA reference stock solution
of precisely 1000 m2. The sucralfate aqueous suspension
stock of this invention (ULW-M) and the conventional
sucralfate aqueous suspension stock produced from finely
30 milled dry powder (ULD-M) were sampled in quantities ranging
from 0.15 g to 3.0 g, and each sample was added to 50 mg of
BSA reference stock solution, respectively.
The mixtures were incubated at 37°C for 30 minutes,
and lmmediately after incubation the mixtures were adjusted



5 Exahple 1 and agitated at high speed (3000 - 4000 r ,.éucralfate slurry

was obtained. The slurry was then sprayed under presg'F y Re) r
section of a spray dry apparatus, and simultaneously tj oW ng
hot air, 155 - 220[err]C, also fromthe sane upper se r eby

renoving the noisture in the slurry. Thassucralfate dry powder was then
renmoved fromthe | ower section of the apparatus and subsequently m cronized
usi ng an i npa@ BFAGATe e r20BmSs wusiaediChs .t hFheesdkitiurg sl wgref thiehl ed,

m croni zed sutidddE tH YoddAWHe iva st Uy Ut]igﬁfs water, about 15 5 nferr]

of sucralfate aqueo%%1sus ensi on. was produce Ref er ence Exanpl e 3:
Production of basic fH#h YohlGrdivdd rge hgr B84 sELgremceustolkor i de

hexahydrat e venlmticrs0lBS nefedendeethndhard Sblhkedndaber .31t @r swhigch |
3.35 ¢ Ofs 0.6, 0.8, and 1.0 mg/mQ were prepared, respectively.
Five (5) mg of a protein assay reagent (produced
by Bio-Rad) was added to 0.1 mQ of each of the reference
standard solutions and test solutions.
The absorbance at 595 nm of wavelength was measured.
10 Using the calibration curve of the reference solutions,
the quantity of non-absorbed BSA in each test solution was
determined. Absorption curves were drawn by comparing the
ratio of the sucrose octasulfate (SOS) to the BSA on the
X~axis and non-absorbed BSA on the Y-axis. ’
15 The results appear in Fig. 1. .
' As clearly shown in Fig. 1, there was essentially
no difference in protein absorption activity found between

the product of this invention (ULW-M) and the conventional
product (ULW-D).

20 (Antipepsin Activity)

Three 0.5 m2 of sucralfate suspensions (final
concentrations: 0, 10, and 50 mg/mg, respectively) were
each combined with a 2.5 mg solution consisting of pepsin
dissolved in Clark-Larks buffer solution (100 ug/m2) and

25 incubated for 20 minutes at 37°C.

The mixtures were then placed in a centrifuge
(3000 rpm, S minutes), thus removing the insoluble
substance.

Taking two 0.5 m2 samples from each supernatant, the

30 rate of sucralfate-bound protein and antipepsin activity
rate were determined, respectively.

The results appear in Fig. 4. There was almost
no difference between the sucralfate suspension of this
invention (ULW-M) and the conventional suspension (ULD-M).

35 Test Example 2

The in vivo pharmacological actlvitles of sucralfate

aqueous suspension stock prepared from the wet powder of




granufar metal lic al um num was added. The m xture was then 20 heated by

steam bath in a container equipped with a reflm%w f he process
of evol ution of hydrogen gas, the m xture reacte i fter the
xture mas
As

metallic alumnumin the m xture was dissol ved,
cool ed, and small quantities of sedinentlWere reaned by f||trat|on

a result 49 merr] of a colorless, clear solution of basic alun1num
chlori de was t¥8Sailagenting KHEWcM)yaudgsespehsioe stbsk aprepared Of 76m V%en

the same net hesveati@HRLONSY %%Hegr ?@Lﬁr gpéss%dﬂé&” é”c éé‘xh
OI’I I on

al um num the resultln% basi ¢ al um num ch € agueous so
basicity 30 degreeB8i “§e86188420Shay G&gerlmeﬁght9n¢1¢m|¢Fbem@l(8@dW$e¢r])

of basic al usicute glhlseridemucosal disorder model using groups of ten,
5 seven-week old SD rats, the pharmacological efficacy of
sucralfate was investigated. '
(Shay ulcer model)

After depriving the rats of all food for 48 hours,
abdominal sections were performed and the pylori ligated
16 with the animals under ether anesthesia. A liquid
-:preparation of sucralfate suspension was then administered
orally in a dosage of 1 mg/kg. Then, after depriving the
animals of water for a further 18 hours, the rats were
sacrificed, the stomachs removed, and the antiulcerant
15 effects of the sucralfate were evaluated. The evaiuation
was performed on a scale (score) from 0 - 5 in accordance
with the Adami's method.
(Ethanol-induced acute gastric mucosal disorder model)
A liquid preparation of sucralfate suspension was
20" administered in the dosage of 1 mf2/kg orally to rats which
had been deprived of good for the preceding 24 hours and
water for the preceding 18 hours. One hour after sucralfate
administration, ethanol was administered, and then two hours
following the second administration the rats were sacrificed
25 and the stomachs removed. The evaluation was expressed in
terms of the sum of the longest distance (mm) across the
injured gastric mucosal areas.
Results
(1) The suppressive activity against Shay ulcer is shown
30 in Fig. 2. When comparing samples of both ULW-M and ULD-M
administered in doses above 100 mg/kg both suspensions
showed slgnificant suppressive activity to a control
(vehicle). There was no significant difference found
between the activities of the ULW-M and the ULD-M.
35 {(2) The results of suppressive actlvity agalnst ethanol-
Induced acute gastric mucosal disorder is shown in Fig. 3.
No significant difference between ULW-M and ULD-M was found.



(basicity = 0.83, Alerr] content: 10.6% Clerr] content: 7.15% was added
to 820 nferr] of water. Wiile vigorously agitating 35 the m xture, 100
nerr] of sodium sucrose octasulfate solution (found to contain 21.4 g) was
added. After stirring for 5 mnutes at roomtenperature, the reaction
solution was |left undi sturbed, and the sapernatant was renoved by

decant at i on. Then, after adding water once again and agitating the

sol ution, thelesdt Basen 2ias Charackediisticbedf pfeparh&iibng repeated the

process 3 times, th@JStl‘?ltgalth\éOE‘f%Fa‘i‘fattiBﬁ Bhith#be cif gad thFbedeh¥andti N9

water in order to produce K
i medi at el y w&iediqyion Example 5 (UL -C) and the sucralfate suspension

stock of this invention (ULW-M) as a reference, tests were
5 performed concerning protein absorption activity, as
described in Test Case 1, and suppressive activity aéainst
ethanol-induced gastric mucosal disorder, as described in
Test Case 2.
The results of the two tests are summarized in
10 Figures 5 and 6, respectively.
Results it
In vitro and in vivo activities of ULW-M were found
to be unchanged when measured in preparations using ULW-M.

A
15  Production Example 1 ’

Ingredients Content
Sucralfate,
aqueous suspension stock - - - - Equivalent to 100.0 g
85% Glycerin =~ - = = = = = 0 - - & - - - - - - - 100.0 g
20 Xanthan GUR - - = = = = = = = = = = « = = « - - - 2.5 g
Sodium phosphate dihydrogen - - = = = - = = - « - 2.5 g

Purified Water, a sufficient quantity,

to make . 500 me

The above-listed ingredients were combined to produce
25 a preparation of sucralfate aqueous suspension. The
suspension had a pH of 4.91, a specific gravity of 1.18,
and a viscoslity of 291.7 cps. The preparatlon was found to

be of excellent quality in terms of dispersal and adhesive
characteristics.
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for 10 mnutes in a bench-top colloid mlIl (MII Mx: manufactured by N hon
Sei ki Seisakujo), giving rise to 40 nferr] of sucralfate aqueous suspensi on
stock (ULWM. The concentration of the stock was 1.2 g/nferr] of
sucral fate. 10 Wen anal yzed by a |l aser-diffraction equi pment for partlcle
size distribution nmeasurenent (manufactusgeg-by N kkiso), the stock was
found to contain particles of 50 pmor less, formng in 97.5[err] of al
particles. CaBeocguction ExamplelsEng basic al umi num chloride of different
basicities (0.67, 0.80, and 0.83), sucralfate aqueous suspension stocks
wer e produced as dé&EEEﬂéﬂ_Eﬁ Ref erence Exanple 3. The nunber Génwashi ng
cycl es during productlon after the reaction, for each sucralfate wet
powder sl urrySWgsalfate, '

aqueous suspension stock - - - - Equivalent to §50.0 g

5 HPS* - = = = = = = = = « - = e e e e m a2 - - "15.0 g

Purified Water, a sufficient quantity,

to make 500 mg

HPS: Hydroxypropyl Starch

The above-listed ingredients were combined to obtain
10 a preparation of sucralfate aqueous suspension. The
suspension had a pH of 4.21, a specific gravity oﬁ 1.08,
and a viscosity of 53.4 cps. The preparation was ?ound to
be of excellent quality in terms of dispersal and adhesive
characteristics.

15 Production Example 3

Ingredients Content
Sucralfate,
aqueous suspension stock - - - - Equivalent to 50.0 g
85% Glycerin - = = = = = = =« = = = = = = =« - - = 1060.0 g
20 HPS = = = = = = = = = 4 0 2 4 oo e === - - 15.0 g
Sodium phosphate dihydrogen - - - - - - - = - - - 2.5 g

Purified Water, a sufficient quantity,

to make 500 mg

The above~listed ingredients were combined to obtain
25 a preparation of sucralfate aqueous suspension. The
suspension had a pH of 4.90, a specific gravity of 1.09,
and a viscosity of 44.2 cps. The preparation was found to

be of excellent quality in terms of dispersal and adhesive
characteristics.
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20 conpared. The results are shown in Table 1. Table 1 No. of Wshing
Basicity Cycles 0.67 5 25 0. 80
2 - 3 0.83 2-3 It was found that perform ng the mcronizing
process inmedi ately after washing process was possible. Further, it becane
clear that as the basicity of basic alumpom chloride 30 increased, the
nunber of washing cycl es coul d be decreased. Case 3 After combining 513 g

of sucral f at e Pwedugdider Expmpdecdd in Reference Exanple 1, with 632 nferr]

of water and

Ingredients Content
Sucralfate,
aqueous suspension stock - - - - Equivalent to 100.0 g
5 85% Glycerin =~ - - = = = « - - -~ - - - - - - ~ - 100.0 g
HPS = = = = = = = = = 2 & = = @ % %% oo w o - 12.5 g
Sodium phosphate dihydrogen - - - - - - - - - - - 2.5 g

Purified Water, a sufficient quantity,

to make E3T 500 mQ

10 The above-listed ingredients were combined to obtain
a preparation of sucralfate aqueous suspension. The
suspension had a pH of 4.93, a specific gravity of'l.lo,
and a viscosity of 40.8 cps. The preparation was found to

be of excellent quality in terms of dispersal and adhesive
15 characteristics.

Production Example 5

Ingredients Content
Sucralfate,
aqueous suspension stock - - - - Equivalent to 100.0 g
20 85% Glycerin i T B 100.0 g
HPS - = = = = = = = = = = = = = =« = = = = = - -~ - 15.0 g
Sodium phosphate dihydrogen - - - = - = = = = - = 2.5 g

Purified Water, a sufficient quantity,

to make 500 me

25 The above-listed ingredients were combined to obtain
a preparation of sucralfate aqueous suspension (preparation
solution for administration). The preparation was found to

be of excellent quality in terms of dispersal and adhesive
characteristics.
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dfspefsing the powder, the mxture was wet-mlled for 20 35 mnutes at an

open angle of 30" and a speed of 5,000 rpm using a bench-top colloid
mll (MIl Mx: manufactured by N hon Sei ki Seisakujo). After sanpling at
5-minute intervals during mlling, particle size distribution and

ti me-sequential changes in sedinentati on-28ere neasured with 5
| aser-diffraction equi pnment for particle size distribution neasurenent
(produced by Bfkketoyf Imvenpkaress resulted in about 1 liter of aqueous

suspensi on stock forTyéepf.@cé)&ﬂ%médw Cgonﬁ}éﬁ‘ﬁlgf f PrepAmtidnNs (ULWM .

For purposes of conpari son | ed, aqueo
sucralrate aqueous suspension stock obtained directly from

wet powder with the conventional stock obtained from dry
5 powder, showed equivalency between the two stocks in terms
of properties and pharmacological activities. Accordingly,
in solving the problems existing in the conventional produc-
tion method, we were able to obtain an sucralfate aqueous
suspension stock having both the same properties and phar-
10 macological activities as the original substance. In other
words, without using the operationally defective processes
of 1 heat drying -- 2 milling -- 3 suspending in
water, this invention enables us to obtain bulk material at
low cost and with a shortened process. Furthermore, free
15 from the problem of escaping micronized particles ﬁhich
arise in the milling of dry powder, wet-powder milling
in water is a technologically superior process which does
not pollute the working environment (preventing health of
workers). Additionally, wet-milling provides for simpler
20 adjustment of particle size than does dry-milling and
for possible arrangement of continuous.production process.
Also, since there is no spreading of micronized powder
during shipment or in the production stage of preparatioms,
environmental pollution arising from the preparation process
25 can be prevented.
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10, Euspen5|on stock (ULVV mas prepared by sinply shaking sucral fate wet

powder in water, ebame sanpl e of t'his,case wmithout i bdeb ng s« o
process. For furth
spray dried sucralf

ith the conventlonal’EXanblé,ﬁSZSIQ:oh . von
without milling 15 ! plobeSs.iwas’.atded ta."".
823 nferr] of water and then t horoughly m xe82to form about 1 liter of
suspension (ULD). Additionally, 337 g of mlled sucralfate, produced by
m croni zi ng of spray-dried sucralfate dry pﬁhﬂéﬂ_mnth an inpact pul verizer,

was combined with 817 gy a]un%fou‘éafsﬁ"speﬁgionf gbcbettedwhxchh%awn@ x. ng of
the m xture, about 1 1liter suspension (ULD-M was prepared. Each sanple

was eval uated i n shexadifiage P&ﬁﬁéﬁlﬁﬁ FéFﬁsaéfaH&FPBGI§5§F2§1G|§ﬁFPbG€|on
and tinme-sequentifd more than 50 pym in a concentration of 1 - 2 g/mg,

5 for producing sucralfate preparations. _
2. The aqueous suspension described above in Claim 1,
wherein the sucralfate concentration is 1.1 - 1.3 g/mg.

3. A production process for manufacturing sucralfate
aqueous suspension stock characterized by the milling of

10  sucralfate particles to an average particle size of.tess
than 50 pm by reacting sodium sucrose sulfate and basic
aluminum chloride and then, without drying the resulting

(: wet sucralfate powder, directly dispersing the powder in

water or other aqueous medium. H

15 4. The production process- described in Claim 3
characterized by the dispersement of sucralfate, obtained
from the reaction, in water or other aqueous medium and then
milling it without performing either solid-liquid separation
or drying.

20 3. The production process described in Claim 3 or 4
characterized by the dispersement of sucralfate with a
concentration of 1 - 2 g/m2 in water or other aqueous

medium,
8. The production process described in Claim 3 or 4
(L 25 characterized by the use of basic aluminum chloride with

a basicity of no less than 0.87.
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.¢handes in the sedimentation vol une ratio (% . 25 The
particle-size distribution results and the tinme-sequential changes in the
sedi mentation volume ratio appear in Tables 2 and 3, respectively. Table 2

Particle-Size Distribution 30 Sanpl e Bel ow 50 pm (%
Average (pm) ULW 74. 6 -23- 43.7 ULWM

97.7 13.7 ULD 82.2 27.5 ULD- M
100.0 8.0 ABSTRACT

This specification discloses a production process
for an sucralfate aqueous suspension stock, the process
being characterized by direct dispersement of an sucralfate
5 aqueous stock for sucralfate preparations, which conFains
sucralfate particles with an average particle size of no
more than 50 um in a concentration of 1 - 2 g/mR, in water
or other agqueous medium without drying the synthesized
sucralfate wet powder, followed by milling of the sucralfate
10 . particles to an average particle size of no more than 50 um.
ot When the sucralfate aqueous suspension stock obtained
directly from wet powder in accordance with this method is
compared to the conventional suspension obtained from dry
powder, equivalency of both stocks are obtained im terms
15 of both properties and pharmacological activities. In
comparison to the conventional process using dry powder,
this wet milling method of production is ecomnomically and
operationally superior and environmental pollution arising
from the conventional process can be prevented.
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Taﬁfé 3 Sedi nentation Vol une Ratio Sedimentation Volune Ratio Days

Lapse@ Sanpl e 0 1 2 4 6 10 19 31 48 5 ULW
100 @64 62 62 62 62 61 61 61 ULWM 100 83 71 70
70 0 68 68 68 ULD 100 98 83 85 84.5 84.5 84
83 82.5 ULD-M 100 98 86 82 81 80.5 79 79 78 Case 4
10 : The sucral fate agueous suspension stock of this invention
(ULW N whi ch was prepared in Case 3, and particles of the conparison
sanplgs (ULW ULD, and ULD-M were evaluated in terns of changes in
parti g e size distribution.
| Filg. 1
: %
100 ~
2 a ' — ULW-M
9’\ 80 | “a === ULD_M
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v) L
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o
on
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n : o—> :
0.05 0.1 : 0.2 SO0S/ BSA
Flg. 2
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o VA AN O ==
Cont. 30 100 300 100 300 (mg/kg p.o.)
ULD—M Uw—-m =10
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15 ‘ After storing each sanple for either 58 days at room

tenper & ure or 43 days under accelerated condition at 5 err]C, the average
parti c@e-size distribution particles below 50 [err] were determ ned by

| aser-@ ffraction equi pnment for particle size distribution neasurenent

(produ@ed by N kkiso). 20 The results appear in Table 4. Tabl e
4. Chafges in Particle Size After 58 days of storage at After 43 days
Initialf roomtenperature at 50[err]C Avg. Particle Avg.
Parti cl Avg. Particle F/g
L
70 4
~~
e '
E
3 T
L
&
= 7
= /
O /
o) /
2 %
- // il
30

100 300 J(mg/kg p.0.)
ULW—M (n=10)

100 Flg. 4

PROTEIN—-ADSORPTIVITY
PEPSIN INHIBITORY EFFECT

AN

&'\ .

N\

I

-
0 50 (mg/ml)
ULD—M ULW—M
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5 ¢ Size ([err]) Size (pm . Size (pm Accum (%
AccumB. (% Accum (9% Sanple under 50 pm under 50 pm

under 0 pm ULW 43.7 41.8 38.0 74.6
78.9 § 74.7 10 ULD 27.5 _ 25. 4

24.2 8R.2 84.5 86.5 UUWM 13.7

13.7 § 13.1 97.7 97.7 98.2 ULD M
8.0 7.8 7.8 15 - 100.0

160.0 E 100.0 Case 5 After storing the sucral fate agueous
suspengi on stock of this invention for 58 days, the agglutinability

Flg. 5

100

60

40

20

SPECIFIC ADSORPTION OF PROTEIN (%)

0.00 0.10 0.20 0.30
SOS/BSA
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of the;ﬁtock under an acidic condition through addition 20 of hydrochloric
aci d ;g I nvestigated. After storing the sucral fate agueous suspensi on
stock @ this invention (UUWM, which was prepared in Case 3, and
conventgonal |y prepared sucralfate (ULD-M for 58 days at room tenperature,
6 nfer@ of 0.1N hydrochloric acid was added 25 to 1 g sanples of both
st ocks § each equivalent to 200 ng of sucralfate). The sanples were then
observgfl with the naked eye for agglutination during shaking, and the tine
requi rgl for agglutination was neasured. The judgnent as to whether or not
Xture had agglutinated was made 30 after 30 minutes. The results

each ni}

appearﬁ.n Tabl e 5. They represent the average neasurenents of three trials.
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B | o \ ‘3(1
-11 - Table 5 Sanmpl e (Stared at Time to roon1tenw/ ' agglutlnablgn,.nu,u
.Cbservation 5 L 1Uﬁ§oh.§§“days) (seconds) v after, +30-. nhn .

UL M T ey ' Agglutlnatfd ULD-M" Kr

agglutlnated"£H """ & 'B! ﬁftéf“éddlng 383 g-of wet suo(alfate powder ho 10 ;;““

797/n{err] of Matér aﬁH drgper5|ng th@?@@fﬁf&ATi@ﬁ ym xture
.................................. .
SUCRALFATE AQUEOUS SUS?EVSION o T A AT
AND ITS METHOD OF PREPARATION

FIELD OF THE INVENTION

5 This invention relates to aqueous suspension stock
for use in production of_preparations of basic aluminum
salt of sucrose sulfate (sucralfate) and its method of
production.

BACKGROQUND OF THE INVENTION

10 Sucralfate is used as a therapeutic agent in the
treatment of gastritis, and gastric and duodenal ulcers.

The selective adhesion of sucralfate on the ulcer
or area of inflammation 1Is crucial for the manifestation
of sucralfate's therapeutic effects. Sucralfate's

15 physiological features are as follows: sucralfate's
particles are non-selectively adhered on the tissue protein;
sucralfate:adheres to the injured area upon contact with
the gastric juice, which increases the viscosity of the
sucralfate; and through the manifestation of a combined

20  action which binds the sucralfate to the pepsin dispersed
in the stomach and. consequently inactivates the pepsin, the
sucralfate improves the organism’'s recovery mechanism and
promotes the functioning of the organism’'s defense system
resulting in cure of the ulcer or inflammation.

25 As described in Japanese Patent Publication Nos.
44-11873 and 44-16037, sucralfate 1s obtained by reaction
between the salts of sucrose sulfate and basic aluminum
chloride, and the resulting wet powder is dispersed,
and then heat drying (spray drying). The resulting dry

30 powder is used as the bulk material when producing solid
preparations due to ease of production.

Taking into account sucralfate’'s insolubility
in water and its mechanism of adhesion on protein, it
“is important to mill the sucralfate as finely as possible

35 in order.to increase its surface area.

Conventionally, the sucralfate aqueous suspension
has“been prepared by mechanically milling sucralfate dry
powder, obtained from wet powder by heat-drying, and then
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was wet-mlled with a bench-top colloid mlIl (MIl Mx: produced by N hon
; Sei ki Seisakujo). About 1 liter of aqueous suspension stock for use in
production of sucralfate preparations was thus obtained. Wiile mlling,
sanpling 15 was perforned at 5-mnute intervals, and average particle
size, particle size at the 50% accunul atio~|evel, and the percentage of
particles below 50 [err] were investigated using Iaser-dlffractlon

equi pment for Ppacem F@iggzéhﬁlgfflﬂﬂﬂg N Wbl iWabent angr ber Rl epa N k& Bl .

The results ap?fﬁél'ﬂr@@uciabhﬁhﬁs Héth&d Sofaptbgher fbrei 8tnoP%dhs i 488ed
Aver age Accunul ati on Partic
technologically advanced due to certain inherent flaws;
specifically, (1) this method of production, which consists
5 of a process of drying, milling, and then resuspending the
dry powder in water, is operationally defective and entails
high costs, (2) there is considerable variation in particle
size due to milling of the powder in a dried form, (3) there
are pollution problems which arise in the workplace due
10 to fine powder escaping during milling, and (4) pollution
is likely to occur due to escaping particles of milled
sucralfate powder when filling and sealing containers or
when adjusting the production process.

Moreover, since the conventional method requires that

15 once reaction with basic aluminum chloride is complete the
resulting sucralfate wet powder be separated by centrifugal
manipulation and then dried, it was not possible to design
an industrially successive or continuous production process
or to plan for efficiency in mass production.

20 DISCLOSURE OF THE INVENTION _

By employing the method(s) described in Japanese
Patent Publication Nos. 44-11673 and 44-16037, for example,
namely causing a reaction between the salts of sucrose
sulfate and basic aluminum chloride (e.g., aluminum

25 hydroxychloride, polyaluminum chloride), the sucralfate
pertaining to this invention is obtainable.

The wet sucralfate is then washed with water,
suspended in either water or other agqueous medium, and
subjected to milling process. In order to formulate a

30 sucralfate suspension stock of the desired concentration,
the volume of the stock can be adjusted by adding or
removing the appropriate amount of medium. If necessary,
however, the wet sucralfate powder before centrifugal
separation or other such method can be used, as suspended

35 in water or other aqueocus medium and subjected to milling.
The volume of water or other aqueous medium can then be
increased in order to obtain the desired concentration in
the sucralfate suspension sStock.
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25 Ti me Particle Level bel ow 50 [err] (Mn)
22.

.(pm ([err]) Percentage (% O 30.1
81.2 5 14.9 10.1 96.5 10 12.9 8.7
98.5 30 15 12.1 8.0 99.0 From Tabl e

6, it is clear that after about 5 m nutes3-the distribution of particles
bel ow 50 pm was greater than 98% and after about 10 m nutes both average
particle size -121Inapa embodimensi o€ shishénsessiesunitheat #ewedesel had

reached suspension stock for production of sucralfate preparations
is obtained by directly milling the separated wet powder,
omitting the drying.step after reaction between sodium
5 sucrose sulfate and basic aluminum chloride and followed
by washing the resulting sucralfate in water. The washing
procedure is needed to remove the unreacted material, as
well as the comparatively large quantity of chlorine ions
present as a result of the reaction, which remains in the
10 reaction mixture during sucralfate production. In this
invention, the reaction by product as above is eliminated
through the repeated process of allowing the mixture
to precipitate, exchanging the supernatant with water,
agitating the mixture, and again allowing the mixture
15 to precipitate; finally, the mixture is centrifuged and
the sucralfate wet powder results. After dispersing and
milling this wet sucralfate in water or other aqueous
medium, sucralfate suspension stock is obtained.

In another embodiment of this invention, the desired

20 sucralfate aqueous suspension stock is obtained by milling
the dispersed sucralfate without prior centrifugation, that
is, the dispersed sucralfate in water is obtained from the
reaction mixture through repeated process as above. With
this method, it is possible to reduce the chlorine ion which

25 arises during the reaction and reduce the number of washing
cycles by using a basic aluminum chloride substance, such
as basic polyaluminum chloride of higher basicity degree in
the reaction. Additionally, by deleting the centrifuging
step, this method simplifies the suspension stock production

30 process, thereby making the process suitable for mass
production and reducing the amount of wastes.

In regard to the concentration of the sucralfate
suspension stock produced by this invention, the desired
concentration can be set by adjusting the amount of water

35 or other aqueous medium present at the time of milling.
A sucralfate concentration of 1-2 g/m2 and if possible
in the range of 1.1-1.5 g/m2 1s considered preferable.
The closer the concentration is to 1.2 g/mQ, the more
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to al nost inval uable degree. Case 7 The sedinentation characteristics of
-agueous 5 suspensi on nmade of sucralfate dry powder obtained from

Ref erence Exanple 2 (ULD-M and aqueous suspension nade of sucral fate wet
powder obtained from Case 6 (UUWM were investigated. Two, 100 nierr]
sanpl es of each aqueous suspension 10 stoekh-were infused into separate
100 nferr] messcylinders and allowed to stand at either roomtenperature or
50[err] C. The sudesitrabde.sednnparédcudbr ., sthar avenggenparshclippés | ayer of

wat er and a '0""ebr§@é?'rab(i ﬁﬂ%?' %at Em5| U!t%ytnzh ub2hhPa®h Eaﬁcahegaxibeyer

to the whol e varied accor type suspensi on and
ten‘per at ure, but léf §é|t &Goét 5 g‘/mﬁ. an even; stable sucralfate

suspension stock, difficult to separate into water and
S slurry components, 1is obtainable.

Provided the milling apparatus used to mill the
sucralfate forms particles under 50 um, there are no
particular requirements for the type of machine used.

The time required to micronize the particles depends

10 on the capabilities of the apparatus, but normally it
is advisable that the micronization process is repeated
for 3-30 minutes, or if possible 5-20 minutes, at room
temperature or below temperature with cool water (10-25°C)
until the desired particle size is attained.

15 It is possible to add certain preservatives, such
as benzolc acids, or p-hydroxy benzoic acid esters, and.
chlorobutanol, to the aqueous medium described in this
invention in order to prevent the spread of microbes and
other such organisms. This sort of preservative does

20 not affect the characteristics of the sucralfate itself
and allows, for example, transport of the substance
from production site to preparation produced site and
long-term storage of the suspension stock in containers.
Additionally, it is possible to heat sterilize the

25 sucralfate suspension stock either in addition to or
instead of adding & preservative. Heat treatment is
normally performed after production of the liquid bulk
substance, before long-term storage or movement to a
different preparation or production facility, for example.

30 It is preferable to perform sterilization at about 95-100°C
for approximately 10-30 minutes.

The sucralfate aqueous suspension stock obtained from
this invention is used as stock for sucralfate suspension

_ preparations either as is or in a diluted form depending

35 on the concentration; it can also be used as the stock

for producing preparations such as an aqueous cream or

a poultice.
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one week all suspensions reached to nearly invaluable value. The ratio of
.the volunme of slurry to the whole after one and two weeks, in addition to
the density of the sedinmented slurry portion after 2 weeks (average
density). 20 was neasured. The results appear in Table 7. Table 7 Vol une

of the Density of the sedidented slurry |ayer
sedinmented slurry After 1 week After 2 weeks 25 ULW M 64%
63% BRIEF EXPHANATIONSOP) THE DRAWING$59% (1.19

(55% he v ues I nsi1 de aren e e
represent propertles of sucralfate aqueous suspension stock produced

by the wet method of this invention (ULW-M) and suspension
5 stock produced by the conventional dry method (ULD-M).
Figure 2 is a graph showing the in vivo inhibitory
effects of ULW-M and ULD-M in Shay ulcer in rat.
Filgure 3 is a graph showing the in vivo inhibitory
effects of ULD-M and ULW-M in ethanol-induced acute gastric.
10 mucosal lesion.
Figure 4 is a graph comparing ULW-M and ULD-M in
terms of protein absorptivity and pepsin inhibitory effect.
Figure § is a graph showing a comparison of protein
absorptivities in suspension preparations produced from
15 sucralfate aqueous suspension stock (ULW-M). ULW-C

g/nferr) UD-M (1. 25 %ﬁﬁﬁerrff Rb§ragﬁ/ﬁom ring. the p??%@iﬂlﬂiﬁ 4 (559@

represents preparations which were produced from ULW-M
using production example 5.

Figure 6 is a graph comparing the in vivo inhibitory

effects of ULW-M and ULW-C samples on ethanol-induced acute
20 gastric mucosal lesion.

The following are reference examples, cases, and
experimental examples, intended to further clarify this
invention. The breadth of this invention is not, however,
limited to these examples.

25 Reference Example 1: Method of producing wet sucralfate

When 10 g of sodium sucrose sulfate (sulfur content
of 11.74%) was dissolved In 100 mg of water, and gradually
combined with a mixture of 8 g of aluminum dihydroxy
chloride dissolved in 100 mR of water, a white-colored

30 precipitation slowly became visible. Next, the pH was
adjusted to 4.5 - 5.0 by adding 1N sodium hydroxide, after
which the solution was agitated for about 30 minutes at
room temperature, and the white-colored precipitation was

~filtered. After washing the precipitation several times

35 with water and removing the unreacted sucrose sulfate,
17.2 g of wet powder was obtained. The powder had an
aluminum content of 14.2% and a sulfur content of 8.681%.
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30 val ues obtained fromsanples allowed to stand at
.50[err]C -13- The two suspension slurries had equal densities of
approximately 1.2 g/nmerr], indicating the existence of a critical slurry
density at which the water |ayer does not .separate further. This critical
slurry concentration 5 depends on the pﬁrtlcle size of the sucralfate,

and even if t [ , )
SOthat the %fe? AV C UUC - WA'A N

agueous suspe§§ggh_g§gagnggnggnralfateApowder (conventlonal method)
When 800 m2 of water was added to 380 g of sucralfate

wet powder obtained by the method described in Reference

5 Example 1 and agitated at high speed (3000 - 4000 rpm),
sucralfate slurry was obtained. The slurry was then
sprayed under pressure from the upper section of a spray
dry apparatus, and simultaneously treated with blowing
hot air, 155 - 220°C, also from the same upper section,

10  thereby removing the moisture in the slurry. The sucralfate
dry powder was then removed from the lower section of
the apparatus and subsequently micronized using an impact
pulverizer. By suspending the resulting 1 g of milled,
micronized sucralfate dry powder in 4 m2 of water, about

15 S mf of sucralfate aqueous suspension was produced.
Reference Example 3: Production of basic aluminum chloride

Ten grams of aluminum chloride hexahydrate were

dissolved in 45 mQ of distilled water, after which 3.35 g of
granular metallic aluminum was added. The mixture was then

20 heated by steam bath in a container equipped with a reflux
condenser. In the process of evolution of hydrogen gas, the
mixture reacted violently. After the metallic aluminum in
the mixture was dissolved, the reaction mixture was cooled,
and small quantities of sediment were removed by filtration.

25 As a result, 49 mR of a colorless, clear solution of basic
aluminum chloride was obtained. The basicity degree of the
substance was 0.75. When the same method was employed with
greater amounts of granular metallic aluminum, the resulting
basic aluminum chloride aqueous solutions had basicity

30 degree of 0.80 and 0.83.

Case 1
Eighty milliliters {80 mR) of basic aluminum chloride

(basicity = 0.83, AQ content: 10.8%, C2 content: 7.15%)
was added to 820 mR of water. While vigorously agitating
35 the mixture, 100 mg2 of sodium sucrose octasulfate solution
{found to contain 21.4 g) was added. After stirring for §
minutes at room temperature, the reaction solution was left
undisturbed, and the supernatant was removed by decantation.
This is the replacerment shee!
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this invention has a particle size set no higher than 50 [err], 10 and if
. the sucralfate concentration is set no lower than 1.2 g/nferr], a uniform
sucral fate suspension which is difficult to separate into two |ayers, water
and slurry layers, can be manufactured. Case- 8 15 The stability
of two suspensions prepared in accordance with Case 7 was investi gated.

Each suspensi onhdra} &besw taddiare twerte rant e [agd |iO)anb a gidgt iag the
periodically a

powder obt ai neds%lsq/}ﬁ ‘ﬁe’: Zﬁ gnrg)gv\]/a Qvagng \étaéve tdlir?sf lg% err]“"q’t%]c ﬁi‘i‘/ing
m xture of sul fredeatead dthend o asmhydmes dé:.heNtoetTaladmh’vglel@fnftéler] of
0. IN sodi um hydg0xh s thh Lard) 3B &y aldQnd R @ L8R RO Broatdcker
5 45 m2 of slurry. The slurry was then immediately wet-mille
for 10 minutes in a bench-top colloid mill (Mill Mix:
manufactured by Nihon Seiki Seisakujo), giving rise to
40 m2 of sucralfate aqueous suspension stock (ULW-M).
The concentration of the stock was 1.2 g/m2 of sucralfate.
10 When analyzed by a laser-diffraction equipment for particle
size distribution measurement (manufactured by Nikkiso},
the stock was found to contain particles of 50 pm or less,
forming In 97.5% of all particles.
Case 2
15 Using basic aluminum chloride of different basicities
{0.87, 0.80, and 0.83), sucralfate aqueous suspension
stocks were produced as described in Reference Example 3.
The number of washing cycles during production, after
the reaction, for each sucralfate wet powder slurry was
20 compared. The results are shown in Table 1.

Table 1
No. of Washing
Basicity Cycles
0.687 5
25 0.80 2 - 3
0.83 2 -3

It was found that performing the micronizing process
immediately after washing process was possible. Further, it
became clear that as the basicity of basic aluminum chloride

3¢ increased, the number of washing cycles could be decreased.
Case 3

After combining 513 g of sucralfate wet powder,
produced in Reference Example 1, with 632 m@ of water and -
dispersing the powder, the mixture was wet-milled for 20

35 minutes at an open angle of 30° and a speed of 5,000 rpm
This is the replacement sheet
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of each solution was anal yzed by high performance |iquid chronatography

.(HPLC). The results appear in Table 8. Tabl e 8 Peak Area Ratio of
Cctasul fate (%9 After 5 Days After 6 Days After 13 Days UWM
98.1 98. 3 98.4 5 (1.9
(1.7) (1.6) 97.7 97-8- 98.3 (2.3)
(3.0) (1.7) ULD-M 97.0 95.8

97.0 (3.0) using a bén2h-top collofd. )1l (Mill Mix: manufactured
by Nihon Seiki Seisakujo). After sampling at 5-minute
intervals during milling, particle size distribution and
time-sequential changes in sedimentation were measured with

5 laser-diffraction equipment for particle size distribution

measurement (produced by Nikkiso). This process resulted
in about 1 liter of agueous suspension stock for use in
production of sucralfate preparations (ULW-M).

For purposes of comparison, unmilled, aqueous

10 suspension stock (ULW) was prepared by simply shaking
sucralfate wet powder in water, identical to the same
sample of this case without milling process.

For further comparison with the conventional example,

328 g of spray-dried sucralfate dry powder without milling
15 process was added to 823 mR of water and then thoroughly
mixed to form about 1 liter of suspension (ULD).

Additionally, 337 g of milled sucralfate, produced
by micronizing of spray-dried sucralfate dry powder with
an impact pulverizer, was combined with 817 mQ of water,

20 followed by thorough mixing of the mixture, about 1 liter
of suspension (ULD-M) was prepared.

Each sample was evaluated in a similar manner in
terms of particle-size distribution and time-sequential
changes in the sedimentation volume ratio (%).

25 The particle-size distribution results and the
time-sequential changes in the sedimentation volume ratio
appear in Tables 2 and 3, respectively.

Table 2

Particle-8ize Distribution

30 Sample Below 50 pm (%) Average {(pm)
ULW 74.6 43.7
ULwW-M 97.7 13.7
ULD 82.2 27.5
ULD-M 100.0 8.0
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10 97.5 96. 3 96.6 (2.5)

(3.7) (3.4) Note: For each sanple, the upper val ues represent the
val ues obtained with sanples stored at roomtenperature and the | ower
val ues 15 represent the values obtained with sanpl es

stored at 50[err]C. The values inside the pgrentheses represent the HPLC
peak area ratio of heptasulfate (% . There was not found to be a periodical
change in 20 the rati o of Tabtlesdl:f aSeddmenlathent ¥stlifhat Rabgbween both
suspensions. Since a little deconposition of ULD-Minto heptasul fate ester
is fornmed to be occurred in thé8ckdaentation Volume Ratio (%)

Days Lapsed
Sample 0 1 2 4 8 10 19 31 48

5 ULW 100 64 62 62 82 62 61 61 61
ULW-M 100 83 71 70 70 70 68 68 68
ULD 100 g8 83 85 84.5 84.5 84 83 82.5
ULD-M 100 98 88 82 81 80.5 179 79 78

Case 4

10 The sucralfate aqueous suspension stock of this
invention (ULW-M), which was prepared in Case 3, and
particles of the comparison samples (ULW, ULD, and ULD-M)
were evaluated in terms of changes in particle size
distribution.

15 After storing each sample for either 58 days at room
temperature or 43 days under accelerated condition at 50°C,
the average particle-size distribution particles below S0 um
were determined by laser-diffraction equipment for particle
size distribution measurement (produced by Nikkiso).

20 The results appear in Table 4.
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drying process of wet sucralfate powder. ULWMis superior 25 in terns of
.stability. Case 9 Using two suspensions identical to those in Cases 7 and
8, the acid-neutralizing behavior of each was investigated. 30 By
di spersi ng each suspensi on equivalent to 150 ng of sucralfate in 80 n[err]
of distilled water at roomtenperature, -10followed by very slowy addi ng
dropwi se 0. 1N hydrochloric acid under stlrrlng change to a glutinous state
with pH change were obser vd@ble e Pa 8i 8428ddi ti on

S R

After 58 days

of storage at After 43 days
Initial room temperature at 50°C
Avg. Particle Avg. Particle Avg. Particle
5 Size (pm) Size (um) Size (pm)
Accum. (%) Accum. (%) Accum. (%)
Sample under 50 pm under 50 um under 50 um
ULw 43.7 41.8 38.0
74.86 78.9 74.7
16 ULD 27.5 25.4 24.2
82.2 84.5 88.5
ULW-M 13.7 13.7 13.1
87.7 7.7 98.2
ULD-M 8.0 7.8 7.8
15 100.0 100.0 100.0
Case ©

After storing the sucralfate aqueous suspension
stock of this invention for 58 days, the agglutinability
of the stock under an acidic condition through addition

20 of hydrochloric acid was investigated.

After storing the sucralfate aqueous suspension stock
of this invention (ULW-M), which was prepared in Case 3, and
conventionally prepared sucralfate (ULD-M) for 58 days at
room temperature, 6 m of 0.1IN hydrochloric acid was added

25 to 1 g samples of both stocks (each equivalent to 200 mg
of sucralfate). The samples were then observed with the
naked eye for agglutination during shaking, and the time
required for agglutination was measured. The judgment as
to whether or not each mixture had agglutinated was made

30 after 30 minutes.

The results appear in Table 5. They represent the
average measurements of three trials.
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vol une. The results appear in Table 9. 5 Tabl e
- 9 Addition volune and pH at the tinme of change of suspension condition of

Addi ti on volune glutinous state per sucral fate 10 ULW M
4.5 nferr] 0.029 ni &~ pH 2.7 ULD-M 6.2
nerr] 0.044 nferr] ,pH 3.% As shown in Table 9,
suspensi on obtained fromthis 15 I nv hanges into a viscous

substance (gluti nousﬁtig at a | ower addition volunme than does
conventional ULD-M o el Time to

room temp. agglutination Observation
5 for 58 days) {seconds) after 30 min
ULW-M 264 Agglutinated

ULD-M - Not agglutinated

Case 6
After adding 383 g of wet sucralfate powder to

10 797 m2 of water and dispersing the powder, the mixture
was wet-milled with a bench-top colloid mill (Mill Mix:
produced by Nihon Seiki Seisakujo). About 1 liter of
aqueous suspension stock for use in production of sucralfate
preparations was thus obtained. While milling, sampling

15 was performed at S5-minute intervals, and average particle
size, particle size at the 50% accumulation level, and the
percentage of particles below 50 @m were investigated using
laser-diffraction equipment for particle size distribution
measurement (produced by Nikkiso). The results appear in

20 Table 8.

Table 8
Particle Size
at 50%
Milling Average Accumulation Particles
25 Time Particle Level below 50 um
{Min) (em) (pm) Percentage (%)
0 30.1 22.3 81.2
S 14.9 10.1 96.5
10 12.8 8.7 98.5
36 15 12.1 8.0 98.0

From Table 6, it 1s clear that after about 5 minutes,
the distribution of particles below 50 um was greater than
98%, and after about 10 minutes both average particle size
This is tha replacememt sheet
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The in vitro activities (protein absorptivity and antipepsin activity) of

- sucral fate aqueous suspensi on 20 stock prepared fromthe wet powder of
this invention (UUWM and suspension stock prepared from conventional dry
powder (ULD-M were conpared. (Protein absorptivity) About six gram of

bovi ne serum al bum n (BSA) was 25 measur ed2out precisely, and dissol ved
in a dark-Larks buffer solution (CLB) to nake a BSA reference stock

sol uti on of pre@ndePgribdodenpdre] atTheesBlkaprauBulgtitonslevspehaforneaechert

of this inventies ﬁgb&%h@iaadlhaglgoaggpgggnal sucral fat e aqueous
suspensi on stocE Eroguced fromfinely 30 mlled dry powder (ULD-M were
sanpl ed i n quan ranging fromO0.15 g to 3.0 g, and each sanpl e was

added to 50 nferr] of The sedimentation characteristics of aqueous

5 suspension made of sucralfate dry powder obtained from -
Reference Example 2 (ULD-M) and aqueous suspension made
of sucralfate wet powder obtained from Case 6 (ULW-M)
were investigated,.

Two, 100 mf2 samples of each aqueous suspension

10  stock were Infused into separate 100 m¢ messcylinders and
allowed to stand at either room temperature or 50°C. The
sucralfates sedimented, all separating into an upper layer
of water and a lower layer of sucralfate slurry. The ratio
of the slurry layer to the whole varied according to the

15 type of suspension and the temperature, but after about
one week all suspensions reached to nearly invaluable
value. The ratio of the volume of slurry to the whole
after one and two weeks, in addition to the density of the
sedimented slurry portion after 2 weeks (average density),

20 was measured. The results appear in Table 7.

Table 7
Volume of the Density of the
sedimented slurry layer sedimented slurry

After 1 week After 2 weeks

25 ULW-M 64% 83% 1.18 g/mR
(59%) (59%) (1.19 g/mQ)

ULD-M 62% _ 82% 1.16 g/mg

(55%) (55%) (1.20 g/m2)

Note: The values inside the parentheses represent
30 - values obtained from samples allowed to stand
at 50°C.
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BSA reference stock solution, respectively. The m xtures were incubated at

- 37[err] for 30 mnutes, and i medi ately after incubation the m xtures were
adj ust ed to precisely 200 nferr] using CLB. The m xtures were then
filtered to make the test solutions. Separately, diluting the BSA reference
stock sol ution, BSA reference standard salButions of 0.1, 0.2, 0.4. 5 0.6,
0.8, and 1.0 ng/[err] were prepared, respectively. Five (5) nferr] of a
protein assay reagefhe( gmodseso ems 1Bno sRady iwss haddedurd @ensiftées] of each

of the refer e pphdiddateiyl Y203y ndNd 1h89catiny! L8RS existence of a
critical slurry density at which the water layer does not
separate further. This critical slufry concentration

5 depends on the particle size of the sucralfate, and even

if the particle size is reduced, the concentration may be
lowered so that the water layer does not separate further.
As shown in Table 7, the aqueous suspension obtained from
this invention has a particle size set no higher than 50 gm,

10 and if the sucralfate concentration is set no lower than
1.2 ¢/m2, a uniform sucralfate suspension which is difficult
to separate into two layers, water and slurry layers, can be
manufactured.
Case 8

15 The stability of two suspensions prepared in
accordance with Case 7 was investigated.

Each suspensions (at room temperature and 50°C) was
sampled periodically and at every sampling the equivalent
of about 1 g of wet powder obtained by filtration was

20 dissolved in 10 m2 of the mixture of sulfuric acid and
sodium hydroxide. After adding 15 mg of 0.1N sodium
hydroxide to each sample, affording a clear solution, 50 pg
of each solution was analyzed by high performance liquid
chromatography (HPLC). The results appear in Table 8.
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The absorbance at 595 nm of wavel ength was neasured. 10 Usi ng t he
calibration curve of the reference solutions, the quantity of non-absorbed
BSA in each test solution was determ ned..+Absorption curves were drawn by
conparing the ratio of the sucrose octasulfate (SOS) to the BSA on the
X-axi s and non-absorbed BSA on the Y-ax¥gbles8 The results appear

in Fig. 1. As clearly shown in Fig._1, there s.essentially npo difference
in protein absorption activity_founBeB¥t AEBA &%Eiﬁrﬁgue?tﬁ?“%g?geiL%éntioh

dth [ I . '
Three .5 mf erclo o succalial b SHpRiRihs (AFRF EoRRRRI: abtBRE L, Dt

and 50 ng/nferr], respectively) were

ULW-M 88.1 98.3 ' 98.4

5 (1.9) (1.7) (1.8)
97.7 97.0 8.3

(2.3) (3.0) (L.7)

ULD-M 87.0 85.8 87.0

(3.0) (4.2) {3.0)

10 87.5 96.3 86.8
(2.5) (3.7} {(3.4)

Note: For each sample, the upper values represent
the values obtained with samples stored
at room temperature and the lower values
15 represent the values obtained with samples
stored at 50°C. " The values inside the
parentheses represent the HPLC peak area
ratio of heptasulfate (%).

There was not found to be a periodical change in

20  the ratio of octasulfate or the heptasulfate between both
suspensions.

Since a little decomposition of ULD-M into
heptasulfate ester is formed to be occurred in the heat-
drying process of wet sucralfate powder, ULW-M is superior

25  in terms of stability.
Case 8
' Using two suspensions identical to those in
Cases 7 and 8, the acid-neutralizing behavior of each
was Iinvestigated.
30 . By dispersing each suspension equivalent to 150 mg of
sucralfate in 80 m®2 of distilled water at room temperature,
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each conmbined with a 2.5 nferr] solution consisting of pepsin dissolved in
G ark-Larks buffer solution (100 [err]/nferr]) and 25 incubated for 20
mnutes at 37[err] C. The m xtures were thagg-placed in a centrifuge (3000
rpm 5 minutes), thus renoving the insoluble substance. Taking two 0.5 -

ul er r] samél esgc_frmaac&v S rmm@tltx atqundiotdrb@Ms%f 04N @a'y{d%belnmau_mrﬁ
protein and an psin activity rate were deternq ned, respectively. e
results appear_a#ﬁqeﬁ'b&eﬁ.s{ﬁfgr@%sc%nﬁ?sttong &]T(”ft PeNSe 55&%&%@“
sucral fate susgwmgowarfe tdtiseived miithn thid Waldedarg et he ecanrddnii addli tion
suspensi on (U%Mmﬁ 35 phest,. XA edp%e Q,e U VAN e} %har macol ogi cal

activities of sucralfate

5 Table 9

Addition volume and pH
at the time of change of

suspension condition of Addition volume
glutinous state per sucralfate
16 ULW-M 4.5 mg 0.029 me
PH 2.7
ULD~M 6.2 m2 0.044 mge
pH 3.2

As shown in Table 9, suspension obtained from this
15 invention changes into a viscous substance (glutinous state)
at a lower addition volume than does conventional ULD-M.
Test Example 1
The in wvitro activities (protein absorptivity and
antipepsin activity) of sucralfate aqueous suspension .
20 stock prepared from the wet powder of this invention (ULW-M)
and suspension stock prepared from conventional dry powder
(ULD-M) were compared.

(Protein absorptivity)
About six gram of bovine serum albumin (BSA) was

25 measured out precisely, and dissolved in a Clark-Larks
buffer solution (CLB) to make a BSA reference stock solution
of precisely 1000 mR. The sucralfate aquecus suspension
stock of this invention (ULW-M) and the conventional
sucralfate aqueous suspension stock produced from finely

30 "milled dry powder (ULD-M) were sampled in quantities ranging
from 0.15 g to 3.0 g, and each sample was added to 50 mR of
BSA reference stock solution, respectively.

. The mixtures were incubated at 37°C for 30 minutes,

and immediately after incubation the mixtures were adjusted
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aqueous suspension stock prepared fromthe wet powder of -17- this

I nvention (ULWM and suspension stock prepared from conventional dry
powder (ULWD) were studi ed and conpared. By creating a Shay ul cer nodel
and an et hanol -i nduced acute gastric nucosal disorder nodel using groups of
ten, 5 seven-week old SD rats, the phdfmacol ogi cal efficacy of sucralfate
was investigated. (Shay ulcer nodel) After depriving the rats of all food

for 48 hour £° MESHSSHY 08 MEnsiBEe ChBr-f oTEd MARFUrRS RIS LheNgat ed
filtered to make the test solutions.

Separately, diluting the BSA reference stock

solution, BSA reference standard solutions of 0.1, 0.2, 0.4,
5 0.6, 0.8, and 1.0 mg/mg were prepared, respectively.

Five (5) mQ of a protein assay reagent (produced
by Bio-Rad) was added to 0.1 m@ of each of the reference
standard solutions and test solutions.

The absorbance at 585 nm of wavelength was measured.

10 Using the calibration curve of the reference solutions,
the quantity of non-absorbed BSA in each test solution was
determined. Absorption curves were drawn by comparing the
ratio of the sucrose octasulfate (S0S) to the BSA on the
X-axis and non-absorbed BSA on the Y-axis.

15 The results appear in Fig. 1.

As clearly shown in Fig. 1, there was essentially
no difference in protein absorption activity found between
the product of this invention (ULW-M) and the conventional
product (ULW-D).

20 (Antipepsin Activity) _

Three 0.5 mQ of sucralfate suspensions {final
concentrations: 0, 10, and 50 mg/mf, respectively) were
each combined with a z.s'mg solution consisting of pepsin
dissolved in Clark-Larks buffer solution (100 pg/m2)} and

25 incubated for 20 minutes at 37°C.

The mixtures were then placed in a centrifuge
(3000 rpm, 5 minutes), thus removing the insoluble
substance.

Taking two 0.5 mQ samples from each supernatant, the

30 rate of sucralfate-bound protein and antipepsin activity
rate were determined, respectively.

The results appear in Fig. 4. There was almost
no difference between the sucralfate suspension of this
invention (ULW-M) and the conventional suspension (ULD-~-M).

35 Test Example 2

The Iin vivo pharmacological activities of sucralfate

aqueous suspension stock prepared from the wet powder of

This is the replacernsm sheet

Dats: -~ O MAR 1997



10 with the animals under ether anesthesia. A liquid preparation of
sucral fate suspension was then adm nistered orally in a dosage of |
nMerr]/kg. Then, after depriving the aninmals of water for a further 18
hours, the rats were sacrificed, the stomachs renoved, and the anti ul cerant
15 effects of the sucralfate were evaitmted. The eval uation was
performed o from0O - 5 in accordance wth the Adam's

met hod. (Et ﬂ%ﬁ%ﬁﬁ%@%ﬁi@g ; EMhand SHRRSHIONY SR de P TRRAN9T A 190 d
prepar at i oncofiventichd Rt drs uspeded OrUIWAD 2 Gve elre il &thd reddpardabage of
or ced hg 94" hour SPhrE RTEIE 1rSHYe e TNF L FHD RS & AR bt
sucral f at e acmteisas atiomueideina i smsiadmodsl areithg grbugent wehour s
5 seven-week old SD rats, the pharmacological efficacy of
sucralfate was investigated.
(Shay ulcer model)
After depriving the rats of all food for 48 hours,
abdominal sections were performed and the pylori ligated
10 with the animals under ether anesthesia. A liquid
preparation of sucralfate suspension was then administered
orally in a dosage of 1 m2/kg. Then, after depriving the
animals of water for a further 18 hours, the rats were
sacrificed, the stomachs removed, and the antiulcerant
15 effects of the sucralfate were evaluated. The evaluation
was performed on a scale (score) from 0 - 5 in accordance
with the Adami's method.
(Ethanol-1induced acute gastric mucosal disorder model)
A liquid preparation of sucralfate suspension was
20° administered in the dosage of 1 mQ/kg orally to rats which
had been deprived of good for the preceding 24 hours and
water for the preceding 18 hours. One hour after sucralfate
administration, ethanol was administered, and then two hours
following the second administration the rats were sacrificed
25 and the stomachs removed. The evaluation was expressed in
terms of the sum of the longest distance (mm) across the
injured gastric mucosal areas.
Results
(1) The éuppressive activity against Shay ulcer 1is shown
30 in Fig. 2. When comparing samples of both ULW-M and ULD-M
administered in doses above 100 mg/kg both suspensions
showed significant suppressive activity to a control
(vehicle). There was no significant difference found
between the activities of the ULW-M and the ULD-M.
35 {2) The results of suppressive activity against ethanol-
induced acute gastric mucosal disorder is shown in Fig. 3.
No significant difference between ULW-M and ULD-M was found.
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followi ng the second adm nistration the rats were sacrificed 25 and the
stomachs renoved. The eval uation was expressed in terns of the sum of the
| ongest di stance (mm) across the injured gastric nucosal areas. Results (1)
The suppressive activity against Shay ulcer is shown 30 in Fig. 2. Wen
conparing sanples of both ULWM and ULDRT admi ni stered in doses above 100
nmg/ kg both guspensi o _sho -d_S|oan| ant ,u-ore55|ve activity to a contro
(vehicle). Fween the activities

of the LLVVhAand t631UQDth BBepéEationThennﬁsutﬁsedflﬁuﬁolbéwe&e activity
SN L A DR T PR N A
stock of this invention (ULW~M) as a reference, tests were
5 performed concerning protein absorption activity, as
described in Test Case 1, and suppressive activity against
ethanol-induced gastric mucosal disorder, as described in
Test Case 2.
The results of the two tests are summarized in
180  Figures 5 and 8, respectively.
Results
In vitreo and in vivo activities of ULW-M were found
to be unchanged when measured in preparations using ULW-M.

15 Production Example 1

Ingredients Content
Sucralfate, |
agqueous suspension stock =~ - - - Equivalent to 100.0 g
85% Glycerin =~ - = = = = = = = =~ = = - - - ~ - - 100.0 g
20  Xanpthan GUm =~ = = ~ = = = = = = = = =~ = = - - - - 2.5 g
Sodium phosphate dihydrogen - - - = = = - = - - =~ 2.5 ¢g

Purified Water, a sufficient quantity,

to make 500 mg

The above-listed ingredients were combined to produce
25 a preparation of sucralfate aqueous suspension. The
suspension had a pH of 4.91, a specific gravity of 1.186,
and a viscosity of 291.7 cps. The preparation was found to
be of excellent quality in terms of dispersal and adhesive
characteristics.
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Test Case 2: Characteristics of preparations Using the preparation

manuf actured in foll owed Production Exanple 5 (ULWC) and the sucral fate
suspensi on stock of this invention (UUWM as a reference. tests were 5
performed concerning protein absorption activity, as described in Test Case
1, and suppressive activity agai nst ethanel -i nduced gastric nucosal

di sorder, as described in Test Case 2. The results of the two tests are

sumari zed iBroductilngExempieadd 8, respectively. Results
Ingredients Content
Sucralfate,
aqueous suspension stock - - - - Equivalent to 50.0 g
5 HPS*# = = = = = = = = o o 0 & 0 e e m e - - - - - 15.0 ¢

Purified Water, a sufficient quantity,

to make 500 mQ

HPS: Hydroxypropyl Starch

The above~listed ingredients were combined to obtain
10 a preparation of sucralfate aqueous suspension. The
suspension had a pH of 4.21, a specific gravity of 1.086,
and a viscosity of 53.4 cps. The preparation was found to
be of excellent quality in terms of dispersal and adhesive
characteristics.

15 Production Example 3

Ingredients Content
Sucralfate, : _
aqueous suspension stock - - - - Equivalent to 50.0 g
85% Glycerin - = = = = = = = = = = =~ = ~ - - - = 1060.0 g
20 HPS = = = = = = = = = = = = = = = - - - -~ - 15.0 g
Sodium phosphate dihydrogen - - - - - - - [ 2.5 g

Purified Water, a sufficient quantity,

to make 500 mR

The above-listed ingredients were combined to obtain
25 a preparation of sucralfate aqueous suspension. The
suspension had a pH of 4.920, a specific gravity of 1.09,
and a viscosity of 44.2 cps. The preparation was found to
"be of excellent quality in terms of dispersal and adhesive
characteristics.
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Invitro and in vivo activities of UUWMwere found to be unchanged when
neasured in preparations using UUWM 15 Production Exanple 1 Ingredients

Content Sucral fate, aqueous suspension stock - - - - Equivalent to 100.0
g 85% d ycerin - - - - 100.0 g 20
Xanthan Gum - - - - - - - - - - - - =20~ - - 2.5 g Sodi um
phosphat e di hydrogen - _- - - 2.5 g Purified Water, a
suf fi ci ent qﬁﬁﬁﬂu¢giomﬁE&ﬁmﬁle 4 500 m Q

The above-listed jngredjents were conmbi ned to produce 25 a preparation of
sucral fate aqueo n. The suspension had a pH ofzméég_éﬂgpecific

gravity of 1,16,

Sucralfate,
aqueous suspension stock -~ - - - Equivalent to 100.0 g
5 85% Glycerin ~ = = = = = =~ = = - - - - « - - - - 100.0 g
HPS ~ = = = = = = = = = = = = = =« & = = = =« = = = 12.5 g
Sodium phosphate dihydrogen - - - -~ - - - -« -~ - - 2.5 g

Purified Water, a sufficient quantity,

to make 300 mg

10 The above-listed ingredients were combined to obtain
a preparation of sucralfate aqueous suspension. The
suspension had a pH of 4.93, a specific gravity of 1.10,
and a viscosity of 40.8 cps. The preparation was found to
be of excellent quality in terms of dispersal and adhesive

15 characteristics.

Production Example 5

Ingredients Content
Sucralfate,
aqueous suspension stock - - - - Equivalent to 100.0 g
20 85% Glycerin -~ - = = = = = = = = - - - &~ -~ - - - 100.0 g
HPS - = = = = = = = = = = = = = = = = = = - - = - 15.0 g
Sodium phosphate dihydrogen - - = = « - - - - - - 2.5 ¢

Purified Water, a sufficient quantity,

to make 500 me

25 The above-listed ingredients were combined to obtain
a preparation of sucralfate aqueous suspension (preparation
solution for administration). The preparation was found to
‘be of excellent quality iIn terms of dispersal and adhesive
characteristics.
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and a viscosity of 291.7 cps. The preparation was found to be of excellent

“quality in terns of dispersal and adhesive characteristics. Production
Exanple 2 Ingredients Content Sucralfate,
aqueous suspension stock - - - - Equivalent to 50.0 g 5 HPS* - - - -

15‘.%)1‘9 Purified Water, a sufficient

quantity, to ct of Invention 500 mQ HPS
Hydr oxypr opyl arch
The preceding data, comparing this invention's
sucralfate aqueous suspension stock obtained directly from
wet powder with the conventional stock obtalned from dry
5 powder, showed equivalency between the two stocks in terms
of properties and pharmacological activities. Accordingly,
in solving the problems existing in the conventional produc-
tion method, we were able to obtain an sucralfate aqueous
suspension stock having both the same properties and phar-
10 macological activities as the original substance. In other
words, without using the operationally defective processes
of 1 heat drying -- 2 milling -- 3 suspending in
water, this invention enables us to obtain bulk material at
low cost and with a shortened process. Furthermore, free
15 from the problem of escaping micronized particles which
arise in the milling of dry powder, wet-powder milling
in water is a technologically superior process which does
not pollute the working environment (preventing health of
workers). Additionally, wet-milling provides for simpler
20 adjustment of particle size than does dry-milling and
for possible arrangement of continuous production process.
Also, since there is no spreading of micronized powder
during shipment or in the production stage of preparations,
environmental pollution arising from the preparation process
25 can be prevented.
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The above-listed ingredients were conbined to obtain 10 ‘a’ preparation-of
sucral fate aqueous suspension. The suspension had a pH fis Shest Has Bee R |f|c
gravity of 1.06, and a viscosity of 53.4 cps. The prepara

be of excellent quality in ternms of disper saé2 and adhesi v éﬁm

15 Production Exanple 3 Ingredients .
Content Sucral fate, aqueous suspension St(x%iAIMS - - EqU|vaIent to 50 0

g 85% d ycerin - - - 100.0 g 20 HPS
Sodi um phosphat eldi hydr&@e@queous suspension stock, whixls cpitaids ed Water,

a sufficient quaghklYifate particles with an average particle size of
no more than 50 um in a concentration of 1 - 2 g/m2,
5 for producing sucralfate preparations.

2. The aqueous suspension described above in Claim 1,
wherein the sucralfate concentration is 1.1 - 1.5 g/mQ.
3. A production process for manufacturing sucralfate

aqueous suspension stock characterized by the milling of

10 sucralfate particles to an average particle size of less
than 50 um by reacting sodium sucrose sulfate and bésic
aluminum chloride and then, without drying the resulting
wet sucralfate powder, directly dispersing the powder in
water or other aqueous medium.

15 4. The production process described in Claim 3
characterized by the dispersement of sucralfate, obtained
from the reaction, in water or other aqueous medium and the
milling it without performing either solid-liquid separatic
or drying.

20 5. The production process described in Claim 3 or 4
characterized by the dispersement of sucralfate with a
concentration of 1 - 2 g/mQ in water or other agqueous
medium.

5. The production process described in Claim 3 or 4

25 characterized by the use of basic aluminum chloride with

a basicity of no less than 0.867.

L
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to make 500 nferr] The above-listed
I ngredi ents were conbined to obtain 25 a preparation of sucralfate
aqueous suspension. The suspension had a pH of 4. 90,m§gmhg&@ﬁc¥éty of

1.09, and a viscosity of 44.2 cps. The preparati on was
excellent quality in ternms of dispersal and adhesive c ’Hml ﬂ

-20- Production Exanple 4 |Ingredients
Content Sucralfate, -23

ABSTRACT

Sucralfate Aqueous Suspension And Its Method Of Preparation

This specification discloses a production process
for an sucralfate aqueous suspension stock, the process
being characterized by direct dispersement of an sucralfate
aqueous stock for sucralfate preparations, which contains
sucralfate particles with an average particle size of no
more than S50 um in a concentration of 1 - 2 g/mg, in water
or other agueous medium without drying the synthesized
sucralfate wet powder, followed by milling of the sucralfate
particles to an average particle size of no more than S0 um.

When the sucralfate agueous suspension stock obtained
directly from wet powder in accordance with this method is
compared to the conventional suspension obtained from dry
powder, equivalency of both stocks are obtained in terms
of both properties and pharmacological activities. 1In
comparison to the conventional process using dry powder,
this wet milling method of production is economically and
operationally superior and environmental pollution arising
from the conventional process can be prevented.

FIGURE 4
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aqueous suspension stock - - - - Equivalent to 100.0 g 5 85% G ycerin

B T R S R 1000 g HPS - - - - - - - - - - - - -
---------- 12.5 g Sodi um phosphate di hydrogen - - - - - - - - -
- - 2.5 g Purified Water, a sufficient quantity, -to nmake

500 nferr] 10 The above-listed ingredients were conbined to obtain
a preparation of sucralfate aqueous suspensi on. The suspension had a pH of
4.93, a specific gravity of 1.10, and a viscosity of 40.6 cps. The
preparation was found to be of excellent quality in terns of dispersal and
adhesive 15 characteristics. Production Exanple 5 Ingredients

Cont ent F / g. ’
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Sucral fate, aqueous suspension stock - - - -

85% 3 ycerin -

2.5 g Purified Water,

make

500 nferr] 25

Equi valent to 100.0 g 20

100.0 g HPS - - - -

15.0 g Sodi um phosphat e di hydrogen
a sufficient quantity, to

The

above-listed ingredients were conbi ned toobtain a preparation of
sucral fate aqueous suspension (preparation solution for admnistration).
The preparation was found to be of excellent quality in terns of di spersal

and adhesi ve characteristics.
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~21- Effect of Invention The preceding data, conparing this invention's
sucral fate aqueous suspension stock obtained directly fromwet powder with
t he conventional stock obtained fromdry 5 powder, showed equival ency
between the two stocks in ternms of properties and pharmacol ogi cal

activities. Accordingly, in solving the groblens existing in the
able to obtain an sucralfate

conventional produc- tion nethod, we wer

aqueous suspension stock having both the sane properties and phar- 10

macol ogi cal activities as the original substance. |In other words, wthout
2 mlling

using the operationally defective processes of 1 heat drying --
-- 3 suspending in
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T

a

water, this invention enables us to obtain bulk nmaterial at |ow cost and
with a shortened process. Furthernore, free 15 fromthe probl em of
escaping mcronized particles which arise in the mlling of dry powder,
wet-powder mlling in water is a technol ogically superior process which
does mot pollute the working environggpt (preventing health of workers).
Additionally, wet-mlling provides for sinpler 20 adjustnent of particle
size than does dry-mlling and for possible arrangenent of continuous
production process. Also, since there is no spreading of mcronized powder
during shipment or in the production stage of preparations, environnental
pollution arising fromthe preparation process 25 can be prevented.

Flg. 6

R
V (7.5)
N
: - % %csm)
| % 10_%(89.3) (31.6) é%
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-22- CLAINMS 1. An aqueous suspensi on stock for producrng sucralfate

preparatlons whi ch contains sucral fate particles mr;h an- average partlcle 203
size of no nmbre than 50 pmat a concentration of 1-7% g/ni ~Sai d st ock "beizng...
manuf act ured by reacti ng sodi um sucrose sul fate and” basi ¢ alun1nunmeh40frdeza
and then, wi thout drying the resulting wei22sucral f ate powder,: directiy: ‘
dlsperS|ng the powder in water or other aqueous medi um-and then nlllhng o
sucral fate particles to an average part{glaavs ze of Iess than 50 [err] !
| | ey

B e s S, |

1. An aqueous susgension staock for producing sucralfate

preparations which contains sucralfate particles with an
average particle size of no more than 50 pm at a
| concentration of 1-2 g/ml,

said stock being manufactured by reacting sodium
sucrose sulfate and basic aluminum chloride and then,
without drying the resulting wet sucralfate powder,
directly dispersing the powder in water or other aqueous
medium and then, milling sucralfate particles to an average
particle size of less than 50 pm. |
2. An aqueous suspension stock according to Claim 1,
wherein the sucralfate concentration is 1.1 - 1.5 g/ml.
3. A process for manufa;turing sucralfate aqueous
suspension stock charachterized by reacting sodium sucrose
sulfate and basic aluminum chloride and. without dying the
resulting wet sucralfate powder, directly dispersing the
powder in water-or other aqueous medium and then milling
sucralfate particles to an average particle size of less
than 50 pm.
4. A process according to Claim 3 wherein the wet
sucralfate powder obtained by the reaction is dispersed in

water .or an aqueous medium and then milled, without

performing either solid-liquid separation or drying.

R ) Tris i the Teplacament sheet
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2. An agueous suspension stock according to Caim1, wherein the

sucral fate concentrationis 1.1 - 1.5 g/m.. 3. A process for

manuf acturi ng sucral fate aqueous suspensi on stock charachterized by
reacti ng sodi um sucrose sulfate and basic al um num chl ori de and, wi thout
dying the resulting wet sucralfate powder, directly dispersing the powder
in water or other aqueous medium and the@3mi |l ling sucralfate particles to
an average particle size of less than 50 pm 4. A process according to
Claim 3 wherein the wet sucral fate powder obtained by the reaction is

di spersed in water or an aqueous nmedium and then mlled, w thout performng
either solid-liquid separation or drying.

5. A process according to Claim 3 or 4 wherein the

sucralfate is dispersed in water or other aqueous medium at

a concentration of 1 to 2 g/ml.

6. A process according to Claim 3 or 4 wherein the

basicity of the basic aluminum chloride is no less than

0.67.
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TS5 spas
- 23 - 5. A process according to Caim3 or 4 wherein the sucralfate is

di spersed in wat er’ or ot her aqueous nedium at a concentra
g/m. 6. A process according to Claim3 or 4 wherein th%E§h§$%Wéy{§Hg€%e

basic alum numchloride is no | ess than 0. 67.
-24_

ABSTRACT

Sucralfate Aqueous Suspension And Its Method Of Preparation

This specification discloses a production process
for an sucralfate aqueous suspension stock, the process
being characterized by direct dispersement of an sucralfate
aqueous stock for sucralfate preparations, which contains
sucralfate particles with an average particle size of no
more than SO0 ym in a concentration of 1 - 2 g/m2, in water
or other aqueous medium without drying the synthesized
sucralfate wet powder, followed by milling of the sucralfate
particles to an average particle size of no more than 50 um.

When the sucralfate aqueous suspension stock cobtained
directly from wet powder in accordance with this method is
compared to the conventional suspension obtained from dry
powder, equivalency of both stocks are obtained in terms
of both properties and pharmacological activities. 1In
comparison to the conventional process using dry powder,
this wet milling method of production is economically and
operationally superior and environmental pollution arising
from the conventional process can be prevented.
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