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Technical Field:

The present invention relates to contrast agents for
MRI (Magnetic Resonance Imaging).

Background Art:

Clinical applications of MRI have rapidly developed
from the beginning of the 1980's, since its first
application in the medical field in the early 1970's. MRI
is now regarded as an important noninvasive image-forming
technique, comparable with X-rays, computed tomography (X-
ray CT) and ultrasonic diagnosis. MRI provides images based
on nuclear magnetic reSonande signals. of protons in tissues
of living organisms. Since it permits a high freedom in‘
image forming. and has high resolution, it was originally
considered that contrast agents wére not necessary.

However, as cliniéal experience has been accumulated,
certain drawbacks and limitations of MRI ‘have come to light,
and therefore, various contrast agents for MRI have been
developed to provide a clear contrast between the normal
tissue and the diseased paft.

Contrast agents for MRI are divided into groups of
positive contrast agents which intensify signal intensities
by shortening the longitudinal relaxation time of protons,

and negative contrast agents which weaken signal intensities

This Sheet Has Been Reraced

T

%ok

Rl

copy

.



However, as cllnlcaf"ﬂ§ MAS BEEMN been accunul ated, certain drawbacks and
limtations of MR have H€@F9 light, and therefore, yarious,contrasta..
agehts £or MR have to provide a clear contrast.betmeen t he
normal tissue and t ﬁgm Cont r ast agents for MRl "ar€ di vided
into groups or positive con ents whi ch intensify signal intensities

by shor t ey nghéhechoRgi thdli BeansRd Rt i Thtd ot Ml pravshaegat i ve
contrast agents which weaken signal intensities REPLACEMENT SHEET -2- by
short eni reatdmwadna@bsy emétal elduat belorig Mo Eheprfdmmss group, typical
examples of which include chelating compounds of gadolinium
such as magnebiste.

On the other hand, ferromagnetic particles belong to
the latter group. When magnetic particles are administered
to a sdbject orally or per rectum in the MRI diagnésis,
artifacts caused by gas or the like in the digestive tract
and peristalsis of the digestive tract can be minimized by
rendering the digestive tract as a dark image. Therefore,
the quality of image diagnosis in the abdominal organs can
be enhanced by intensifying the contrast between the
digestive tract and the target organ (Japanese patent
application laid-open (kokai) SHO 61-501633).

Concerning preparations containing ferromagnetic
particles, dispersions prepared by suspending ferromagnetic
particles in an aqueous medium containing a viscosity-
increasing agent or a surfactant have been proposed for use
with administration by oral route or per rectum (Japanese
patent apﬁlication laid-open (kokai) SHO 61-501633).

However, since dispersions are prepared by diluting
with water or with an aqueous medium, they easily putrefy
due to propagation of microorganisms such as molds and
bacteria, and therefore, the addition of preservatives is
needed. In order to inhibit the growth of microorganisms
such as molds and bacteria, it is required to add.

preservatives in suéh amounts that the concentration thereof

This Sheet Has Been R

: [T



Par amagnetic netal ions belong to the former group, typical exanples of
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ferromagnetic X
9 total uptake of preservatives can exceed the amount

permitted in one day.

In dispersions, most ferromagnetic particles exist as
solids suspended therein, and a part of ferromagnetic
particles exists in a dissolved state. Generally speaking,
a solid state is more stable than a solution state, and
theiefore, ferromagnetic particles in dispersions are
considered disadvantageous compared to those in a solid
state with regard to stability.

Moreover, dispersions have the drawback that a large
space is required for the storage and transportation of the
dispersion preparations. In view of this, granular
preparations which are capable of being prepared into a
dispersion upon clinical use are desirable compared to
preparations supplied, transported and stored in
dispersions.

In an attempt to overcome the above drawbacks, granular
preparations containing ferromagnetic particles and
viscosity-increasing agents have recently been developed (EP
0409351-A1). |

However, in order to prepare a dispersion of a granular
preparation in water or in an aqueous medium, a stirring

operation from 15 seconds to 60 minutes, preferably 2 to 10
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particles in an agqueous medi um containing a viscosity- increasing agent or -
a surfactant have been proposed for use with adnjnistnation~by»0rqbajpu¢e-
or per réctum (Japanese patent application |aid:open [kbkai): SHO- "=~ - »
61-501633) .. However, since dispersions are prepared by.-diluting w th water
or with af Ikt Iedisffedn&picdsiysy RrTidsrakiy tihetiruyntdnth of

m cr oor gani.sns such as ”Dlﬂf and, .ba terqu?a d therefore, the addition of
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for ﬁse. Moreover, since the granular preparations contain
a viscosity-increasing agent, they precipitate and become
gelled to form clusters at the bottom of the container, if
stirring is insufﬁ}cient. Once clusters are formed, it is
diffiéult to redisperse this. Furthermore, since such
granular prepérations which are slow in becoming hydrated
provide a dispersion in which swollen particles in a gel
state are dispersed in water or in an agueous medium, they
may be difficult to ingest. Therefore, conventional
granular preparations are not satisfactory in terms of
instant preparation and ease in taking.

Accordingly, an object of the present invention is to
provide a contrast agent in a solid form, which is a
granular preparation capable of being instantly dispersed to
provide a homogeneous and viscous dispersion when suspended
in water or in an aqueous medium upon use.
Disclosure of the Invention:

The present invention provides a granular preparation
for MRI which comprises bulky particles containing a
ferromagnetic material and a viscosity-increasing agent.

Due to the bu;kiness of the particles, the granular
preparation according to the present invention is not
coagulated by gellation when it is prepared into a suspension.

It instantly provides a uniform viscous suspension upon
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3- exceeds a certain threshold value. when contract agents of
ferromagnetic preparations are used, relatively |arge anounts of dgse,,.
rangi ng+*from 600 to 1,000 ni, nust be adninistered, and fherefore, a,
problemarises in that the total uptake of preservatives can_ exceed tlre
anmount perstiitteichg .n Grecctalingly ,dithee pdeperatinet rethataignedimpardnd| es
exi st as solids suspended therein, and a part of ferromagnetic particles
exi sts i neasyf.ssdforadvEmt SinGendrtalilsy asprelkid prepad tibrst dieriemagnaetic
stable than a solution state, a.d therefore, ferromagnetic particles in
di sper si orPRATHC I Anke rd@bliys seradiesy dhersionpand putrefretion %ol i d

state wth regard to stabiljty. Mreover, dispersions have the drawback
that a | amjeroorganisms and molds is negligible compared with aqueous

dispersions. It is also advantageous in handling, in view of
the transportation and reduced space for storage.

The ferromagnetic material which is used in the present
invention serves as the active component of the contrast
agent for MRI. It encompasses not only ferromagnetic
materials, but also ferrimagnetic and superparamagnetic
materials. A specific example of the ferromagnetic
materials is selected from the group consisting of magnetite
(Fe304), gamma-ferric oxide (gamma-Fe,03); cobalt ferxrite,
nickel ferrite, manganese ferrite and mixtures thereof.

In the present invention, the ferromagnetic material
may be incorporated by itself. However, it is preferred
that the ferromagnetic material first be coated with,
embedded in, or carried by a nonmagnetic polymer to provide
composite particles, and the resulting particles
(hereinafter referred to as ferromagnetic.particles) be
incorporated into the granular preparation of the invention.

Examples of the above-described nonmagnetic pqumer
which is used to prepare ferromagnetic particles include
naturally-occurred or synthetic polymers such as cellulose,
its derivatives and polymer latexes. Of these, sulfonated

styrene-divinylbenzene copolymers (for example, W086/03920)
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sbace is required for the storage and transportation of the*dispersion™
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the surface of the polymer particles for carrying the
crystals. |

The ferromagnetic particles have an average diameter of
not more than 50 pm and preferably 0.£ to 20 pm;

The amount of the ferromagnetic material or
ferromagnetic particles contained in the granular
prebaration of the present invention is suitably determined
with reference to the expected efficacy of the preparation,
and genérally, from about 1 to 10% by weight (hereinafter
referrqﬁ to simply as %) based on the total weight of the
prepar;tion.

qﬁe granular preparation of the present invention is
charaéterized by comprising a viscosity-increasing agent.

The -iscosity-increasing agent which is used in the
granular o»reparation of the present invention is soluble in
water or swells in the preséﬁée of water. Moreover, the
viscosit -increasing agent must be difficult to decompose in
a living >ody and must be physiologically acceptable when
adminis- -ed to a living body.

Wh such a viscosity-increasing agent is used, the

inner -s of the digestive tract are covered by
ferro :tic particles, which render the digestive tract as
a dar ige, thereby intensifying the contrast between the
dige: tract and the target organs. )
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REPLACEMENT SHEET -4- mnutes, is needed, which is considerably |abortots
and tinme-consum ng. Accordingly, the disclosed granular preparations are
not satisfactory with respect to readiness for use.- Mreovenr;"sincethe
granul ar preparations contain a viscosity- |ncrea3|ng agent ‘thev "7
precipitate and becone gelled to formclusters at the-bottom-of the
container, if_stirring is insuficient. Once clusters are formed, it is

difficult to FXARRIRT Rf 1Fhe visgasifaiifiereasing agent
e e
aqueous xanq:hanﬂ gt&]n(la’y and @l’?edi.{ CU|§ ec1 1. eesz-}amp heesr %ffo "‘He conventi onal
cellulose derivatives which are useful as the viscosity-
increasing agent include methylcellulose,
carboxymethylcellulose-Na, crystalline
cellulose:carboxymethylcellulose-~Na, and thé like. They may
be used singly or in combination of two or more.

The viscosity-inqreasing agent according to the present
invention is generally incorporated in an amount of 3 to -
90%, particulaxly 15 to 80%, based on the total weight of
the preparation. '

Furthermore, the granular preparation of the present
invention may contain disintegrants, binders, vehicles and
the like in addition to the viscosity-increasing agent.

Examples of the disintegrants include corn starch,
carmellose calcium, hydroxypropylcellulose of low -
substitution degree and cross carmellose sodium. They may
be incorporated in amounts of not more than 20%. Generally
speaking, it is preferred that they be incorporated in
amounts from 2 to 10% based on the total weight of the
preparation.

Examples of the binders include the above-mentioned
viscosity-increasing agehts, hydroxypropylcellulose,
hydroxypropylmethylcellulose, polyvinyl pyrrolidone,
polyvinyl alcohol, and the like. The amounts of the binders

are generally 10% or less, and preferably from 2 to 8%,
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granul ar preparations arée not satisfactory in terns of instant preparation
and ease in taking. Accordingly, an object of ‘the present invention is to
provide a contrast agent in a solid form which:.is a granul*ac*"prepdratTon
capabl e of being instantly dispersed to provide-a honogeneous and Viscous

di sper si opagken onughendedal nwdBLRE QE Eﬂeagrégaéaldioﬁ‘?d! um uptn use.
Di sclosure of the Invention: Thé present invention provides a granular

preparation foExkRplesi of ehepveheslbs! kiicpagki ebes seatahni ?ﬁr%l%i
ferromagnetic material and a viscosity-increasing agent. Due to the

bul ki nessprkgefiatpairedl ssarthe Jaeboker apdepanaliicol.acrthedanguhest F the
present invention is not coagul ated by gellation when it is prepared into a
suspensi oNehiicliessaant hotppavtileslarlyi Lamitedscopresaspbhygi onhegoare

incorporated in a range from 1 to 95%.

When a surfactant is incorporated into the granular
- preparation of the present invention, the suspension

property is improved and a homogeneous dispersion is

obtained. Examples of the surfactgnt which will facilitate

dispersing of particles include those which are generally

emplo&éd in the art, such as polysorbate 80,

polyoxyethylene, polyoxypropylgne copolymers, and the like

(Japanese patent application laid-open (kokai) SHO 61-

501633). They are incorporated in amounts from 0.01 to 15%

based on the total weight of the preparation.

Examples of additives other than those mentioned above
include antioxidants, sweeteners, flavors, colorants, and
the like. Specific examples of the antioxidants include
sodium sulfite, sodium hydrogens;lfite, sodium
hydrogenthiosulfate, ascorbic acid, thioglycerol,
tocopherol, dibutylhydroxytoluene and butylhydroxyanisole.
Moreover, the granular preparation may optionally contain
suitable sweeteners, flavors, colorants and the like.

It is necessary that the granular preparation according
to the present invention take the form of bulky particles.

The term "bulky particles" means that the particles have a

small apparent density. The apparent density is preferably
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REPLACEMENT SHEET -5- stirring. Accordingly, the préparation method is
si-npl e and easy. Mreover, since it is a solid preparatlon,.ferron&gnaLJc
particles are stably carried therein, and putrefactlon'by n1croorgan|sns
and nmol ds is negligible conpared mnth aqueous di spersigns.” It.is al'so-
advant ageous in handling, in view of the transportation and reduced space
for stormge. m&est thdhde.4og/fh) randignddd phefdratsnyt | Hivom Thel f eor Omagnetic
material which is used in the present invention serves as the active
conponerg/mi.the contrast agent for MRI. It enconpasses not only
ferromagnetic

Generally, the particle diameter of the granular
preparation of the present invention is preferably in the
range of 150 to 1400 pm. Particularly, it is preferred that
particles having a diameter of not more than 150 pm exist in
a proportion of not more than 20% of the total particles.

The viscosity of an aqueous suspension of the granular
preparation of the present invention is preferably from 50
to 2000 cp after being completely hydrated.

The granular preparation of the present invention is
obtained by a granuiation method.

Granulation is an operation of converting a starting
material in the form of powder, block, or solution into
particles. Methods of granulation for preparing medicines
are generally divided into dry-granulation methods and wet-
granulation methods from the aspects of mechanism of
apparatus and granulating mechanism of starting powders.

The dry-granulation methods comprise a compression
granulation method and a melting granulation method.

Among the wet-granulation methods, four methods are
widely used: an extrusion granulation method using a
cylindrical granulatibn machine, marumerizer, pelleter, and
the like; a crushing granulation method using a speed mill
or the like to crush a wet mixture; another crushing
granulation method using a minimizer, power kneader, speed
mill, or the like; a tumbling granulation method making use

_—
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materials, but also ferrimgnetic and super paramagneti C.materi al s. A
specific exanple of the ferromagnetic materials is selected.fdom ihe.-group
consi sting of nagnetite [err] gamma-ferric oxi-de-(ganma-[err]); “eobal t

ferrite,cﬂickel ferrite, anese ferrite and- nlxtures t her.eof . }n -the
present G éntRhanonspon éffhf RIS SN COTREL B i8fCordor at ed by

icf)zéaleg.wmvmg.er iﬁﬁ.s%preferred th%ie f rromaglneé’td_:lﬁcjeﬁ ﬁiy.rlal \t’}l@)r;szjebe
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of 't he | TRiGIV] O/l FRAID 85,00 J116) Ghues qfi%ssc el AONIPONG! el yiRE Which -

is used to prepare nagne I"C par y-occurred or

Synthet“%ﬂgﬂﬁﬁﬁﬂf;&%5th§%‘§¥éﬂgf§¥ion of the present invention.

According to the fluidized-bed granulating method,
powders are 'kept in a fluid state, to which a solution
containing a binder is sprayed for cohering and granulating
the particles. In more detail, a binder is sprayed onto a
layer of floating powders from a nozzle attached to the
granulating apparatﬁs for inducing cohesion of particles to
allow them to grow into homogenecus particles.

By contrast, according to the tumbling method, powder
is wetted, a binder is added thereto if necessary, and
subsequently vibration or rotation movement is applied to
make spherical particles due to cohesion. Granular
preparations obtained by a method which produces granules
having a high apparent density, like this method,

. precipitate when they are added in water or in an agqueous
medium. Such preparations require a stirring time of at
least 30 seconds and preferably 1 minute or more for making
a dispersion without causing cocagulation, Qnd therefore, a
very short stirring of 5 seconds or so as achieved in the
present invention cannot provide a suspension. This is
because granular pfeparations having a high apparent density
have less voids compared to those having a low apparent

density, and therefore, water or an agueous medium permeates
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its derivatives and polynmer |atexes. O these, sulfonated "
st yrene-di vi nyl benzene copol yners (for exanpl-e, ..\W86/.03920) -6a'
particwWarly preferred. The ferromagnetic partlcles.are prepared by -
physi cal 'y conbining ferromagnetic crystals with the polyner Tatex in the

surface td hend YERILAASIMBS, (QubAg Wiy Hl}ﬁr%r g The

ferromagnetic particles have an average “di anet not nDre than 50 pm and

pr ef er ald ys€bTut Lo b Hrei s ARPUHcrdadigy fa@errﬁﬂpg:%etﬂu%ﬂmze 93w OF
ferromagnetic parti-cl es contained in the granular

down the speed of increase of the viscosity. Accordingly,

\-,-,-\

'if stirring is insufficient, granules precipitate, form a
gel at the bottom of the container, and produce clusters
which will no more be dispersed agaih.

By extrusion granulation, crushing granulation or by
tumbling granulation, particles undergo relatively strong
shear stress or compression stress during the granulation )
step, which results in unpreferable granules having a high
apparent density.

The granular preparation of the present invention. which
can instantly provide a dispersion is preferably prepared by
the combination of fluidized-bed granulation and spray
coating. More specifically, a ferromagnetic material or
ferromagnetic particles, which may be added at the time of
grqulation, are preferably dispersed in an agqueous solution
of a viscosity-increasing agent or a binder, and the
resulting dispersion may be sprayed for coating onto nuclei
particles of additives other than ferromagnetic particles
obtained by fluidized-bed granulation in advance.

The thus—obtained g:anulés have a low apparent density,

" do not precipitafe when added in water or in an aqueous
medium, are instantly and readily dispersed only by a
stirring of 5 seconds or so without forming clusters or
coagulation, and provide a viscous homogeneous suspension

with ease. Since granular preparations having a low

THIS SHEET HAS BEEN
EPLACED

[l \lll\\ UL

This Sheet Has Been|lﬂilaoed



preparation of the present invention is suitably determned with reference
to the expected efficacy of the preparation, and generally,. from about..1 to
10% by wei ght (hereinafter referred to sinply as % based on }.he tota1

wei ght of the preparation. The granul ar preparatlon_ot,the_present
inventiomppanﬁnﬂed&mﬁitxxhamecanﬁuﬁs¢ﬁgvai&$scmmpayedntoegsanglagent. The
vi scosity-increasing agent which is used in the granular preparation of the
present BRRPANHLORS SAVANG 4 rhigh eapparenk| density hewpterepteadf water.
Moreover, the viscosity-increasing agent nust be difficult to deconpose in
a | i vi ng ATRBPUMARSALNM [RAD AT bl PeEmeFtactRyr abre FFRAULFRI nistered to a
l'iving bod When, such a viscosit ncreasi ng agent _is used, the inner
wal | s of Rﬁ%?%ﬁ%ﬁ%ﬂ#ﬁmat#%&ﬂr%&Q9i§y/ YﬁﬁCOSltY‘lncreaSIRQ agents

contained therein can easily be hydrated or dissolved to
quickly elevate the viscdsity of the system, achieving an
instant dispersion by a stirring of 5 seconds or so without
causing precipitation. Furthermore, the granular
preparations having a.low apparent density according to the
invention have a lot of voids, and therefore, clusters are
hardly formed even thbugh gelation bccurs during dispersion.
‘Examples:

The present invention will next be described more
specifically by way of examples, comparative examples, and
test example, which should not be construed as limiting the -
invention.

Using various viscosity-increasing agents, binders,
vehicles and disintegrants, the below described 9
preparations were prepared. The formulations are shown in
Table 1.

Comparative Example 1:

15 g of polyvinylpyrrolidone (hereinafter referred to
as PV?) was dissolved in water in advance, and 3.0 g of
ferromagnetic particles* were suspended therein. Water was
added to make a total volume of 100 ml, and thus a PVP binding
solution containing ferromagnetic particles was
obtained. 48.0 g of xanthan gum, 84 g of lactose and 150 ¢

—_—
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ferromagnetic particles, which render the digestive tract as a dark image,

t her eby |ntenS|fy|ng the contrast between the digestive tract .and: the 21a

t ar get organs REPLACEMENT SHEET -7- Exanpl es of the : T

Vi scosity- |ncreaS|ng agent nclude cel |l ul ose derivatives 'nagneslunlalunlnum
silicate (Yeegumh, stanchamegmnplameﬁtinaa|&mmblfm@cgranuéaaapbesneh t he

cel lul ose derivatives which are useful as the viscosity- increasing agent

i ncl ude neth§ | REP| binding ceo besdomt¢entaining stenpgomagyet if| pastéeilesl ose

carboxynetq¥lcellulose Na, and the like. They may
added thereto for granulation. "The granules

obtalned were screened by the use of a sieve No. 12, and
those which did not pass the sieve were crushed and screened
again by the use of a sieve No. 12, and combined with the
previously obtained through-sieve granules. Screening of
granules was performed again using a sieve No. 42. Granules
which passed through the No. 42 sieve were removed to obtain
& granular preparation. *: The ferromagnetic particles
used in this example were prepared by suspeﬂding'solid
ferromagnetic particles in water with a proportion of 12 to
14% (hereinafter the same applies).
Compa&rative Example 2:

2.5 g of hydroxypropylmethylcellulose (hereinafter
referred to as HPMC) was dissolved in water in advance,
and water was added thereto for making a total volume of 83
ml to prepare.an HPMC solution. 37.5 g of
~carboxymethylcellulose;Na (hereinafter referred to as CMC-
Na), 37.5 g of veequm, 100 g of lactose and 65 g of corn
starch were placed in a tumbling granulator, then the HPMC
binding solution was added thereto for granulation. ﬁTge granules
obtained were_screened by the use of a sieve No. 12, and
granules which remained on the sieve were crushed and
screened égain by the use of a sieve No. 12 for combining
with the previously obtained through-sieve granules.

Screening of granules was performed again using a sieve No.
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be used singly or in conbination of. two or nore. The viscosity-increasing
agent according to the present invention is generally jncorpasated.i R~an
anount of 3 to 90*, particularly 15 to 80*, based on it he_totdl. wei ght: of
the preparation. Furthernore, the granul ar preparation_of 't he.present---

i nventi 04 2m8Y GEaRkAlds Whlich P@lsBRUS thiYoude The/ lu Cl4> sielve heereke in
addition to the viscosity-inCreasing agent. Exanples of the disintegrants

i ncl ude ecemdveldakeh obtaiteldrege galadulas.hydroxypropyl cel l ul ose of | ow
substitution degree and cross carnel |l ose sodium They may be incorporated

in anounts of 2nat gmafe fdron@rhetGenpealitic g aldnguspendedr BherRed t hat
they be incorporated in. anobunts from2 to 10* based on the total weight of
t he” prepagaeows. solution of 1.2 g of HPMC dissolved in water 1in

advance, and 50 ml in total of a ferromagnetic particle-

containing coating solution was prepared. 116.4 g of the

core granules-were placed in a fluidized-bed granulator, .

and the ferromagnetic particle-containing coating solution

was sprayed thereto. Subsequently, granules were screened

bv the use of a Mo. 12 sieve, and granules which did not

pass through the sieve were removed to pfepare a granular

preparation containing ferromagnetic particles.

Comparative Example 3:

2.5 g of HPMC was dissolved in water in advance,

and water was added thereto for making a total volume of 83

ml to prepare an HPMC binding solution. 75 g of methylcellulose

(hereinafter referred to as MC),_lOO.g of lactose and 68.8 ¢

of corn starch were placed in a tumbling granulator} then

the HPMC bindihg solution was added thereto for granulation.

The granules obtained were screened by the use of a sieve No.

30, and granules which did not pass the sieve were crushed

and screened again by the use of a sieve No. 30 for

combining with the previously obtained through-sieve

granules. Screening of granules was performed again using a

sieve No. 100. Granules which passed through the No. 100

sieve were removed to obtain core granules.

1.2 g of ferromagnetic particles was suspended in an

- _
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Exanpl es of the binders include the above-nentioned viscosity-increasing i
agents, hydroxypropyl cellul ose; hydroxypropyl methylcellul ose, polyvinyl. ' {
pyrrol i 8@one, polyvinyl alcohol, and the |ike.: The anounts of: the binders

are generally 10%or |ess, and preferably from2 to- 8%, » REPL-ACEMENT.

SHEET -8 aqh@6ed 981&beokotahtiBhihy Of6tHeoprapacabhosh Exanpkea of the
vehicl es include corn starch, partly pregelatinized starch, Lactose and
manni t ol .disddtvadointsavért he agrastes theraby pArmicihatoyali oft ed.
Preferably, they are incorporated in a range from 1 to 95% .
ferromagnetic particle-containing coating solution was
prepared. 118.2 g of the core granules were placed in a
fluidized-bed granulator, and the ferromagnetic particle-
containing coating solution was sprayed thereto.
Thereagter, granules. were screened by the use of a No. 20
sieve, and granules which remained on the sieve were
removed to prepare a granular preparétion containing
ferromagnetic particles.
Example 1:
12.0 g of HPMC was dissolved in water in advance,
and water was added thereto to prepare an HPMC binding solution
having a total volume of 200 ml. 40.0 g of CMC-Na, 126 g of
lactose, 16.0 g of hydroxypropylcellulose.having a low
substitution degree were placed in a fluidized-bed
granulator, then the HPMC binding solution was sprayed thereto
for granulation. The granules o6btained were screened by the use
of a sieve No. 1%, and granules which remained on the sieve f
were crushed in mortar and screened again by the use of a
sieve No. 12 for combining with the previously obtained
through-sieve granules to obtain core granules.
2.4 g of ferromagnetic parpicles was suspended in an
aqueous solution containing 1.2 g of HPMC which had been
dissolved in water in advance, and 50 ml in total of a
ferromagnetic particle-containing coating solution was
prepared. 116.4 g of the core granules were placed in a
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When a surfactant is incorporated into the granul ar preparation of the

present inventon, the suspension property. is inproved and a honbgeneous
di sperston is obtained. Exanples of the surfactant whi.ch Wi klI>"facititate
di spersing of particles include those which are generally;emdl'eyed in the

art, suc s oxy st e lLae ol yner s,
O P e i ey g T R E O

501633)-¢0Khainaﬁﬁ EBSRLRE 36 8L on AIRYNEDrhiRA Gh@Eelte.15% based on the
total weight of the preparation. Exanpl es of "additives other than those

ment i onegubbeyaennlyydgrantlexi Wené Ssceeeabandls thel aser of @M arks, and
the like. Specific exanples of the antioxidants include sodiumsulfite,

sodi um hgilevggnandf granusesli uhitldddgendhi paskt aheouaghc thiel izmveal,
thloglycségg1removedlto prépare a granular preparation containing

ferromagnetic particles. . .
Example 2: .

9.0 g of hydroxypropylcellulose (hereinéfter referred
to as HPC) was dissolved in water in advance, in which 3.0 g
of ferromagnetic particles were suspended. Water was added
thereto for making a total volume of 300 ml to prepare a
HPC binding solution containing ferromagnetic particles.
'30.0 g of xanthan gqum, 90 g of crystalline
cellulose~carboxymethylgellulose~ﬁa (hereinafter referred to
as Avicel RC-591), 18 g of lactose were placed in a
fluidized-bed granulator, and then the HPC binding solution
coﬁtaining ferromagnétic particles was sprayed thereto
for granulation. The granules obtained were screened by the
use of a sieve No. 12, and granules which did not pass the
sieve were crushed in mortar and screened again by the use
of a sieve No. 12 for combining with the previously obtained
through-sieve granules to obtaining a granular preparation
containing ferromagnetic particles.
Example 3:

10.0 g of HPC was dissolved in water in advance, water

was added thereto to make a total volume of 200 ml to prepare

a HPC binding solution containing HPC. 80.0 g of MC, 80.0 g of

—_—
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erol, dibutyl hydroxytol uene and butyl hydroxyani sol e. Mreover, the
ar preparation may optionallv contain sui tabl e sweet eners, fl.avors,
cotogants and the like. It is necessary that ‘the granll-ar preparat|on

accogding to the present invention take the form of bulky partircl es: The

" bulvgeqIArRG €3 S "antearts ot Gab £t ke malsiaiap weve pladel | imppar ent
denstty The apparent density is preferably REPLACEMENT SHEET -9- r. ot

mor e t harf id igred - bexh dyrramd ajpoef, e talehny theoHEC bimdihg! sﬂhitz.omner ally,
the particle dianeter of the granul ar
was sprayed thereto for granulation. The granules obtained were
screened by the use of a sieve No. 12, and granules which
did not pass the sieve were crushed in mortar and screened
again by the use of a sieve No. 12 for combining with the
previously obtained through-sieve -granules to obtain core
granules.

4:0 g of ferromagnetic particles was suspended in an
aqueous solution of 2.0 g of HPC which had been dissolved in
water in advance, and 80 ml in total of a ferromagnetic
particle-containing coating solution was prepared. 94.0 g
of the core granules was placed in a fluidized-bed
granulator, and the ferromagnetic particle-containing
coating solution was sprayed thereto. Thereafter, granules
were screened by thé use of a No. 12 sieve, and granules
which did not pass through the sieve were removed to prepare
a granular preparation containing ferromagnetic particles.
Comparative Example 4:

1.0 g of ferromagnetic particles, 10.0 g of CMC-N&,

20.0 g of lactose, 17.0 g of corn starch and 2.0 g of HPMC
were homogeneously mixed in a mortar.
Comparative Example 5:

3.0 g of HPMC was dissolved in water in advance, and
water was added thereto to make a total volume of 100 ml to
prepare a HPMC binding solution. 189 g of lactose and
108.0 g of corn starch were placed in a tumbling granulator,

e S
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preparation of the present invention is preferably in the range of 150 to
1400 [err]. Particularly, it is preferred that particles having a_  _

di amet’e™ of not nore than 150 [err] exist in a praportion qffh@t nnne-pban
20% of the total particles. The viscosity of .an ‘aqueous suspension of: the
granul ar preparhenobhefHPME@ Pirdeny ssyesibnnwas gdeédraheyetooox0 to 2000
cp after being conpletely hydrated. The granul ar preparation of the present
i nvent i on gsarpliathed. byThe ggnamihes oobtalhed. weranataeenedi byatheparsat i on
of converting a starting material in the formof powder, block, or solution
into parti®f e®. sheYfaoNe- o} 2grand| granulésrwhichadidgnabdpasaeshear sieve
general ly divided into dry-granul ati on nethods and wet- granul ati on nmet hods
fromthe ¥PERtSTRFNARcHAMIFTRT appasaresnaddagrinuPit Fga BEehadi #m of

starting powders, .. . .
sieve No. 12 for combining with the previously obtained

through-sieve granules. Screening of granules was performed
again using a sieve No. 42. Granules which passed through
the No. 42 sieve were removed to obtain core granules.

2.4 g of ferromagnetic particles was suspended in an
aqueous solution of 1.2 g of HPMC which had been dissolved
in water in advance, and 50 ml in total of a ferromagnetic
‘particle-containing coating solutibn was prepared. 116.4 g
of the core=gr$nules was placed in-a fluidized-bed
granulator, and the ferromagnetic particle-containing
coating solution was sprayed thereto. Thereafter, éranules
were screened by the use of a No. 12 sieve, and granules
which did not pass through the sieve were removed to prepare
a granular preparation containing ferromagnetic particles.
Comparative Example 6:

6.0 g of HPMC was dissolved in water in advance, .to
which 3.0 g of ferromagnetic particles were suspended.

Water was added thereto to make a total volume of 200 ml to
prepare a HPMC binding solution containing ferromagnetic
particles. 90.0 g of lactose and 51.0 g of corn stafch were
placed in a fluidized-bed granulator, then the HPMC binding
solution containing ferromagnetic particles was

sprayed for granulation. The granules obtained were
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- The dry-granulation nethods conprise a conpression granul ation nethod and a

mel ting granul ati on method. Anmong the wet-granul ati on nethods, four nethods
are wdely used: an extrusion granul ation nmethod using a cyl.izndricdl 2***
granul ati on machi ne, marunerizer, pelleter, and the |:ike; :a;crushing .
granul ati on nmethod using a speed mll or the like to crush a wet nixture;
anot her crushing granul ation nethod using a m nim zer, power kneader, speed
mll, ofckrensd ey Fheumse @f g shevet Non Adthaadnekprhylese whighepl ACEVENT

SHEET -10-. of .a phenonon which occurs during rotation; and a .
did not pass the sieve were crushed in mortar and screened

again by the use of a sieve No. 12 for combining with the
previously obtained through-sieve granules to obtain a

granular preparation containing ferromagnetic particles.
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~fluidized-bed granul ati on nmet hod such as a spray- drying'(the Japanese-
Phar.macepoeia A-73 to 74).
nmet hod is preferable for obtaining the bul ky:gfranul ar prepar~at i on*uf'"the

O these methods,;

t.he | ui-dj zee~ hed gramulati on

present ilnvent}i on. JAccording to the flyi di zqd-bed- graﬂulaping met hod; "
powder s are kgpt. Ln S’EI&I d gtate,| to which{a soljuti-on ¢ontaining a binder
is spraydd for| @ofdringpanhd gr@mullating the [partifcles. In noreddetail, a
bi nder iq4 ® aygq§0n8q5g ayer~of {fl oat]i ng powder|s from a nozzs e att ached
to the grianul gt rng jappar at us |f or ifnducifng cqhesi gn of parti cl to all ow
themto growi|into Nogpgengoug parti cl e§. By [contrlast, ag¢cordi to the
t unbl i ng [mretzhqd Q“bcv@qﬂr i ;,yve'tég-\?, a bifnder |is added thereto i@ necessary,
and subse%@tl§£l bh%imhe\or oot ati on {noverfent ifs applfed to ke
spheri cal] paat|i Olidd A& .ﬁtoéccﬁ'ésicn. Glanul 3r .
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preparations obtained by a_nethod whi ch produces granul es having a high

apparent density,

li ke this method, precipitate when they -ares-added i-n-

wat®er orin an aqueous nmedium Such preparati-ons ﬁéqﬁiﬁe a éﬁi{rihg;tine of
e of nor® for makirg a di-spersion

HPC; hydroxypropylcellulose:

at |l east 3p secends and pyeferagbly 1 m nut
wi t hout capsi ng|coagll ati pn, ahd thereforg, a
seconds orjso a$ glshi eved} ignot he gr psent  ijn@e
suspension| Thi$ &s becau 38 8r a1 af preparSt
density haye | es$s voids cpfpared toft hose |h'v
and therefpre, Water|or an aunous redi um jper
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CMC(Na); carboxymethylcellulose (sodium)

reat e

HPMC; hydroxypropylmethylcellulose: PVP; polyvinylpyrrolidone: Tumble; tumbling granul

Fluid:;

fluidized-bed granulation method: Mortar; mortar mixing method: During mortar; d

=

verygsBort stirring of 5
nti oreé cannot provide a .
ons dnagl ng a hi gh. apparent
ng & | Gw apparent density,
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the granules slowy causing slow. hydration and di ssoluticn of

vi scosity-increasing agents to further slow down the speed of increase.qaf
t he vi sCosi ___Accordingly, if stirring is insufficient, granules-:..l7.,

precipitate, forma gel at the bottom of the coft:ainer, and produce .’ ...°

clusters'mhic% w1l ng nore be dispersed again. By extrusicn gran | ati on,
crushi ngTGFENGHEMPAE dr by t (FSMERS Ff aPRFBiFhR, SH3etALFESIANELPEd:

Ctep, whi th 1 80UM SN SprBRes BPLLEF REPRETRELPRS 9 HPOREEBpar ont
const Y, plUR S AL PSR g et 1o D caspl cheniL e Blghecsl |
Lo zeg beg QRN ds At u3RhgY a 03 ki PLfe SBRE' L1 £8b! Hesh

sieve set on a sieve shaker (Ro-tap shaker, trademark) for S

minutes. Based on the proportion by-weight of the

classified particles: é particle size distribution was

obtained. The particle size distribution of the granules

obtained in Examples 1 - 3 and Comparative Examples 1 - 3 ;

5 - 6 was such that granules having a diameter of 150 to

1400 zm were present in a proportion of not less than 90%

(Table 2). By contrast, the particle size distribution of

the mixture obtained in Comparative Example 4, which were

prepared by mixing ferromagnetic particles and additives in

mortar was such that powders having a diameter of less than

150 xm were present in a proportion of not less than 99%.

Table 2
Distribution of particle size
Distribution of particle size (%)
Diameter of
particles Comparative Examples Comparative
Examples Examples
Brm ;
1 2 3 1 2 3 4 5 6
1400-150 100 100 99.6 97.4 97 93.2 0.7 99.3 98.6
150 or o} 0 0.4 2.6 3 6.8 99.3 0.7 1.4
less

Note: 1400 um corresponds to Mesh No. 12, and 150 pm
corresponds to Mesh No. 100.

Test Example 2 (Measurement of the apparent density):
15 g each of granular preparations obtained in Examples

-
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ferromagneti'c particles,

whi ch may be added at the time of granul ation,

are

preferabLXTgL;persed I n an aqueous sol ution Qf a vrscosit¥ﬂ|ncﬁeasrng“agent

or a binde nd the resulting dispersion my. bé sbrayéd

ok ~eQat I'ng unt o

nuclei particles of additives other than ferromagneti ¢’ part|c4es obt ai'ned
by f|UIdlzﬁf bedégranulatlon I n advance. _The thus-obtai ned granul es have a
| ow appa 1eSt dve qcheh Added i6h apd & ®RTFAT an

aqueous . |un1 re i tant and r.eadi di,sper sed onI y a stirring of 5
SecondBIgURE \gR A xRl

VISCOUS ho

havi ng &ﬁ

d ¥@soF2 ﬁﬂ%wlde a

messcylinder was attached to a tapping machine. After
tapping 200 times, the surface of the sample in the
messcylinder was made flat by the use of a spatula, and the .
volume of the sample was v1sually read. The apparent

density was calculated according to the following equation:

Apparent density =

(Quantity of sample (15g))/ (Apparent volume (ml))

The apparent densities of the particles of the granular
preparations prepared in Examples 1 - 3 and Comparative
Example 6, which were prepared by a fluidized-bed
granulation method were all not more than 0.4 g/ml. By
céntrast, the apparent densities of the particles of the
granular preparations prepared in Comparative Examples 1, 2,
3 and Comparative Example 5, which were prepared by a
tumbling granulation method were all not less than 0.5 g/ml.
The apparent density of the mortar mixture obtained in
Comparative Example 4 which was not granulated was 0.77
g/ml.

Test Example 3 (Measurement of viscosity):

A granular preparation in an amount egquivalent to 100

mg of ferromagnetic particles was dispersed in 200 ml of

water. After allowing it to stand overnight, the dispersion
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-12- apparent density have a | ot of v0|ds conpared to granul ar preparations
havi ng.a hi gh apparent denssity, -water or an acueous nedi um can easily
perireal®-i.nto the granular preparations. Accordingly,the. 1> 7.3

vi scosity-increasing agents contained therein:can easily he Hya$ated or-

di ssol ved to quickly elevate the riscosity of ‘the system athi'éving an

| nst ant (gl SREE3 B rﬁ')édaa th'oFu'o Qby2 %%%BQ%:.BB g s shgg%t‘éﬁ”%' ng

preci pi tation. er nor e, e granu prepara I onS having a om/apparent

densi t y v2geatdiq0 ddd e a\eeﬁyl aa @:gplao_tuetzo}ﬁ@c@% 48ng therefore,

clusters are hardly fornmed even thoug ation occurs during dispersion.
Exanp| egempl@alif®e Hanigay 92t 18N vy bh - eesl B® 9paci bpdnaBEenspegifically by

way of exanpl es, conparative exanpl es,
was used for measuring the v1scosmty of the suspensions
prepared with Examples 1 - 3 granular. preparations and
Comparative Examples 1 - 4 granular preparations, and

spindié No.l was used for measuring the viscosity of the

suspensions prepared with Comparative Examples 5 and 6
preparations. Those which were'granulated together with
viscosity-increasing agents, namely those using Examples 1 -
3 and Comparative Examples 1 -- 3 preparations exhibited 200 -
to 2000 cp (centipoises). Use of Comparative Example 4 .

preparation also exhibited a similar value (Table 3). Use

of preparations of Comparative Examples 5 and 6 which did

not contain a viscosity-increasing agent exhibited not more

than 5 cp.
Table 3
Coﬁparison of apparent density and viscosity . %
H
Comparative Examples Comparative -
Examples Examples :
1 2 3 1 2 3 4 5 6
Apparent
density 0.77 0.71 0.50 0.26 0.30 0.16 0.77 0.53 0.34
(g/ml)
V%sc?sity 558 266 1960 278 964 280 262 4.2 1.5
cp

Test Example 4 (Aggregation of particles during preparation

of a solution to be administered):

A granular preparation in an amount equivalent to 100
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test exanple, which shoul d not be construed as limting the invention.
Usi ng various viscosity-increasing agents, binders, vehicles and s
d|5|ntegrants t he bel ow described 9 preparatrens wer e” preparqde The?
fornul ations are shown in Table 1. Conparative: Exanple r 15-g.of “‘.“'
pol yvi nyl pyrrolidone (hereinafter referred to as PVP) was di ssol ved in

wat er i mgdvfinferramagletic pdrtixiesragietddidiirid AEE mWg £ waspended
therein. Water was added to nake a total volune of 100 m, and thus a PVP

bi ndi ng follewved bynimmediate estimsipetwithpar tspe sl avafom it aniwate.48. 0 g
of xanthan gum 84 g of |lactose and 150 g
The presence or absence of aggregation of particles was
visually observed. When the preparations of Examples 1 - 3
and Comparative Examples 1 -3 were psed, no aggregation
was observed during preparation of a solution (Table 4).
Aggregation of particles was observed when a
Comparative Example 4 preparation which contained a
viscésity-increasing agent but was not granulated was used.
Moreover, no aggregation was observed when the granular

preparations of Comparative Examples 5 and 6 which did not

contain a viscosity-increasing agent were used.

Table 4
Aggregation of particles during preparation of
a solution to be admznistered
Comparative Examples Comparative
Examples Examples
1 2 3 1 2 3 4 5 6
Aggrega—
tion of None None None None None None Obser- None None
particles ved

Tast Example 5 (Time required for preparing a suspension to
be administered in which precipitation is not observed):

A granular preparation in an amount equivalent to 100
mg of ferromagnetic particles was added to 200 ml of water,
followed by immediate stirring with a spatula for 5 seconds
for dispersion. Precipitation of particles waS'observed for
1 minute. When precipitation_was observed, a granular

préparation in an amount equivalent to 100 mg of

THIS SHEET HAS BEEN
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REPLACEMENT SHEET - 13-
then the PVP binding soluticn containing ferromagnetic partlcles

theretd‘?or granul ati on. The granul es obtai ned.were sdreened»by the use of

a sieve No. 12, and those which did not pass the sieve were ci'ushed. and
screened %Eﬁﬁ¢m%8n$hecu8@rbicé88|U&e spparateaidadersi §oedlfi v ofe
previ ously obtained through-sieve granules. Screening 0 granul es was

per f or med’3gRF n AWE nFEErEPLVEORD2 prolengad| BETigHi o E&§§eHnFH40ugh t he

No. 42 sieve were renoved to obtain a anularagre%aratlon *
e*fter &

fer r omagRETTPHEF tHR k5 (R PRet APSeEXEHADl e T

solid ferrom

ki

GLIBI0EL] CoRAELL CLBS LD A 8L YL0: 858020801120 Bhidd 48

"time A", which was counted for the period of time required
for preparing a solution to be administered. Among the
preparations of Examples 1 -~ 3 and Comparative Examples 1 -
3, which were granulated together with a viscosity-
increasing agent, the time A for preparations of
Comparative Exampies 1 - 3 obtained by a tumbling
granulation me;hod was 70 to 90 seconds, whereas time A for
preparations of Examples 1 - 3 obtained by a fluidized-bed
granulation ﬁethdd was short and 5 seconds (Table 5).
The preparation of Comparative Example 4 which |
contained a viscosity-increasing agent but was not
granulated formed aggregation of particles at the time of
preparing a solution to be administefed and therefore,
measurement was not possible.
Test Example 6 (Time required for suspending):

A granular preparation in an amount equivalent to 20 mg
of ferrbmagnetic particles was taken and dispersed in 40 ml
of water. The resulting dispersion was shaken with a
shaking apparatus. The period of time during which
particles are uniformly suséended and can no more be
visually observed was defined as the time required for
suspending. In Examples 1 to 3 where granules containing a

viscosity-increasing agent were prepared by a fluidized-bed
 THIS SHEET HAS BEEN
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14% (herei nafter the sane applies). Conparative Exanple 2: 2.5 g of
hydr oxypr opyl met hyl cel l ul ose (hereinafter referred to as HPMO) was_ .

- di ssokved in water in advance, and water was added thereto™fdr naking a
total volume of 83 nml to prepare an HPMC solution. 37%. 5 giof ="~ -~ -
car boxynmehitbdel theoseshatihgr grantiles eehebitddt ghagtEWCthEaEin@7. 5 g of
veegum 100 g of |actose and 65 g of corn starch were placed in a tunbling
gr anul at sequtied ths BRNPebdndgngmeakurednbyashaitded thmeewdthod :
granul ati on. The granul es obtai ned were screened by the use of a sieve No.
12, and ghakdéngs apPRERtRENRi foupanethsositbosewobsadingdhdd SREPRGESATRY
again by the use of a sieve No. 12 for conbining with the previouslv

obt ai nedEXKRRMBAGS- 3i &0e 3gWhAGhe SMPIEYednan§umblingn grasvhas 1osy Ms agai n
using a sieve No

(Table 5).
Table 5
Comparison of preparation time
Comparative Examples " Comparative
Examples Examples
1 2 3 1 2 3 4 5 6
Time (seconds)
Time A
. 70 80 90 5 S 5§ * 640 10. :
Time (minutes) :
Time B
11 12 8 - 4 4 7 20 10 1

Time A: Period of time (seconds) of stirring required
until precipitation of particles is no more
observed.

ey SRR fil S AN

Time B: Period of time (minutes) required for preparing
a homogeneous suspension. '

[*¥]: Measurement could not be carried out due to
aggregation. Preparations of Comparative Examples
1, 2 and 3 were prepared by tumbling granulation
method, and Preparations of Examples 1, 2 and 3
were prepared by fluidized-bed granulation method.

Test Example 7 (Suspension Stability):

A granular preparation in an aﬁount equivalent to 100
mg of ferromagnetic particles was taken and dispersed in 200
ml of water. After allowing it to stand ovegnight, a
homogeneous suspension was stirred with a spatula. The
state of suspension was observed after 30 minutes and 24

hours. The suspensions using preparations of Examples 1 - 3
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-14- 42. G anul es which passed through the Na. 42 sieve were renoved to
obt ai n-,crude ganules. 2.4 g of ferromagnetic partlcles was suspendeq [N, an
acueous solution of 1.2 g of HPMC di ssolved in:water..im advance ang 59 m

T obot o, B ROPLPPENS L] o & EYLILR OB CEMADG SPLILOEISIES,

gr anul at c@é’gjs;_g% 5§éﬁ9§%tﬂfﬁ§x5itced3%x* | &l es EPOh &1 fi érged&%%ﬁ ng sol ution was

sprayed t ereto ubsequ granul es Were scree y the use of a No.

12 si eve,sdh X 8Pl ey Wbt dbtd, NGle RASSHAAY LU 14Eng! S¥EpaLELi6REDVEd O

prepare a granul ar
of Comparative Examples 5 and 6 which did not contain a

viscosity-increasing agent were both separated in 30

minutes (Table 6).

Table 6
Suspension stability. of suspensions’
Comparative Examples Comparative
Examples : Examples
1 2 - 3 1 2 3 4 5 6
After Good Good Good Good Good Good Good Sepa- Sepa-
30 minutes rated rated
After Good Good Good Good Good Good Good Sepa- Sepa-
24 hours - rated rated

Good: Stable, and homogeneous suspension was maintained.

Separated: Poor stability, and precipitation was observed.

Industrial Applicability:

The granular preparation of the present invention
provides a.stable, viscous, and uniform dispersion which
does not cause precipitation of particles by a mere
stirring/suspending of the preparation in water or in an
aqueous medium. The granular preparation of the invention
does not form clusters at the time of suspending. In
addition, it provides a suspension which is suitable for
administering to human subjects and which can be instantly
prepared.

Since the present preparation is in a solid form, it is

free from putrefaction due to microorganisms and molds
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preparation containing ferromagnetic particles. Conparative Exanple 3: 2.5
g of HPMC was dissolved in water in advance, and water was added ther.eto
formaki'ng a total volume of 83 nl to preparenan HPNO bindlnq,soIUtlon. 75
g of methylcellulose (hereinafter referred to as MC),+.100 g,"of..1 act Oose-and .
68.8 g of corn starch were placed in a tunbling granulator then the HPMC
bi ndi ng cxwinazesh wish atrisbush elistpe isiiongy, amnidatiisoad vt agresous esn obt ai ned
were screened by the use of a sieve No. 30, and granul es which did not pass
the si evaniddng rirgmedthedspgetsnaf agansggrﬂarteous@n@‘ stagagse No. 30 for
conbining with the previously obtained through-sieve granul es. Screening of
gr anul e$B&EE perfornmed again using a sleve No. 100. G anul es whi ch passed

t hrough the No. 100 sieve were removed to obtain core granul es.

Accordingly, the granular preparation of the present
invention is very useful as an negative contrast agent for
" MRI which is dosed orally or per rectum and prepared into a

suspension upon use.
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1.2 g of ferromagnetic particles was suspended in an REPLACEMENT SHEET
aqueous solution containing 0.5 g of HPMC which had been dissol ved i n water
i n“advemce thereby 25 ml in total . of a ferromagpetic g l g
coating solution was prepared. I|la.2 g of the core gr ﬂmmlﬂ‘m’nu”“"ﬁ in
a fluidized-bed granulator, and the_ferromagnetic paticle’ cbnt’im

coating solution was spraved ther et GLAEMSreafter, granules we-e screened by

the use of a : 0 and ranules ich remained on the sieve were
removed to prepare éﬁﬁV%ﬁﬁFéPr& 853FéPPO%QEOH§SPﬁFﬁ§ FepPBARGReti c

part'C|e§mag1ng comprising bulky granules which contain a

ferromagnetic material and a viscosity-increasing agent.

2. The granular preparation according to Claim 1,
which immediately disperses in watef or in an agqueous medium
when mixed“tﬁerewith_to provide a uniform viscous aqueous -~
suspension.

3. The granular preparation according to Claim 1 or 2,
wherein the apparent density of the granules is not more
than 0.4 g/ml.

4. The granular preparati;n according to .any one of
Claims 1 to 3, which is prepared by a fluidized-bed
granulation method or by a combinatien of a fluidized-bed
granulatioﬁ method and a spray-coating method.

5. The granular preparation according to any one of
Claims 1 to 4, wherein the ferromagnetic material exhibits
ferromagnetism, ferrimagnetism or superparamagnetism.

6. The granular preparation according to any one of
Claims 1 to 5, wherein the ferromagnetic material is in the
form of a particle which is coated by; embedded into or
carried by a non-magnetic polymer.

7. The granular preparation according to any one of
Claims 1 to 6, wherein the ferromagnetic material is
selected from the group consisting of maghetite (Fe304),
gamma-ferric oxide (gamma-Fe203), cobalt ferrite, nickel
ferrite, manganese ferrite and mixtures thereof. -
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Exanmole 1: 12.0 g of HPMC was dissolved in water in advance, and water was
addet thereto to prepare an HPMC bi ndi ng sol uti.on having a total volune of
200 M. 40.0 g of CMC-Na, 126 g of |actose, 16.0 g of _

hydr oxypropyl cel | ul ose having a | ow saistpAcrti on degree were placed in a
fluidi zed-bed granul ator, then the HMC binding solution was sprayed thereto

for granul ati on. Tiaepyesent eknwdn vice ok ttes cteenagrdyulfie ppeparasisheve
No. 12, and granul es which remained on the sieve were crushed in nortar and

screened agé®n MBIt ektairediby gramelddnind 2a fuisomsbiyt hgcressingeagent
previ ously obtai ned through-sieve granules to obtain core granules. 2.4 g
of ferromagkegetherrvieh e hinden arehdid necessatpedan wehitlen gontaini ng
1.2 g of HPMC whi ch had been dissolved in water in advance, and 50 m in
total of a disintegrant, etc., by the use of a fluidized-bed

granulation method, and spraying ferromagnetic particles

suspended in an aqueous solution of a viscosity-increasing

agent or a binder for coating the granules or incorporating

the suspension into the granules at the time of granulation
to prepare bulky granules. )

The granular preparation according to the present

invention does not undergo coagulation due to gelling at the
time of suspending, and can be.instaneously turned to a
suspension having a uniformity and viscosity by mere
stirring. 'Acco%dingly, the preparation method is s}mple and
easy. Since it%is.a solid preparation, stability of the
ferromagnetic pa%ticlg.is higher than that of an aqueous
dispersion, is fréénfﬁgm fhe problem of putrefaction by

microorganisms and molds and is advantageous from the

aspects of transportatién and storage space. -
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ferromagheti c particle-containing coating sol-ution was prepared, 11(51(’2?%@95 3
the core granules were placed in a REPLACEMENT SHEET - 16- fIU|d|zed P
granul ator, and the ferromagnetic' particle- cont-ai ni ng coating sol uti on was
sprayed thereto. Subsequently, granules were screene tHre—ttse—ef—a—No.

12 seve, and granules which did not pgss through the sﬁée Trﬁﬁﬁﬁe
prepare a granul ar preparation containing ferromagnetli¢ parti cles.

2: 9.0 g of hydroxypropyl cellul ose (hereinafter referred 03 KOV 1996
Desczintion "

Granular Prsparati Sor MRZI

The present invention relates to contrast agents for
MRI (Magnetic Resonance Imaging).

~ Background Art:

Clinical applications of MRI have rapidly developed
from the beginning of the 1980‘5,.since its first
application in the medical field in the early 1970's. MRI
is now regarded as an important noninvasive image-forming
technique, companable with X-rays, computed tomography (X~
ray CT) and ultrasonic diagnosis. MRI provides images based
on nuclear magnetic resonance signals.of protons in tissues
of living organisms. Since it permits a high freedom in
image forming. and has high resolution, it was originally
considered that éontrast agents wére not necessary.

Héwever, as clinical experience has been‘accumulated,
certain drawbacks and limitations of MRI have come to light,
and therefore, various contrast agents for MRI have been

developed to provide a clear contrast between the normal

o

tissue and the diseased part. ;-

3 L O SO
Contrast agents for MRI are divided into groups of

positive contrast agents which intehsify signal intensities

by shortening the longitudinal relaxation time of protons,

and negative contrast agents which weaken signal intensities



to as HPC) was dissolved in water in advance,- in which 3 (REPLﬂéEM NT S
ferromagnetic particles were suspended. Water was addedj t ' ﬁﬁ
a total volune of 300 ml to prepare a HPC bi ndi ng sol utijon talm
ferromagnetic particles. 30.0 g of xanthan gum 90 g of [crly BSINQH

cel | ul ose- carboxymethyl cel [ ul ose-Na (her-einafter referrgd as AMIC6|
RC-591), 18 g of lactose were placed in a fluidized-bed fgranul ator, —an
then the HPC binding solution containing ferromagnetic
spr ayed th?!;reﬁ@cr@a"g?gnu1ﬂatﬂ=@m5°fﬁnseg:anekes-%twmcbmm%ened by the
use of a sieve No. 12, and granul es which did not pass the sieve were
crushed i rP3mRmIGn SRR sk @dnd@rsgaehoby thetiR elYTMEr PROKD NGTYDECF or
conbining with the previ ously obtained through-sieve granules to obtaining
a granul arefRRERpbeat POeH dinfligel sredangnet FemIRIAdT IS gadolinium

such as magnebists.

On the other hand, fsrromagnetic particles belong to
the latter groug. When magnetic pazticles are administerad
to a subject orally ox gef':actum in the MRI diagnésis,
artifacts caused by gas or the like in the digestive tract
and peristalsis of the digestive tract can be minimized by
rendering the digestive tract as a dark image. Therefore,
the quality of image diagnosis in the abdominal organs can
be enhanced by intensifying the contfast between the
digestive tract and the target organ (Japanese patent
application laid-open (kokai) SHQ 61-501633).

Concerning preparations containing ferromagnetic
particles, dispersions preparéd‘by susﬁending ferromagnetic
particles in an aqueous medium containing a viscosity-
increasing agent or a surfactant have been proposed for use
with administration by oral route or per rectum (Japanese
patent application laid-open (kokai) SHO 61-501633).

However, since.dispersions'are prepared by diluting
with water or with an aqueous medlum, they easily putrefy
due to propagation of micr oorganlsms sqph as molds and
bacteria, and therefors, the addition of preservatives is
needed. In order to inhibit the growth of microorganisms
such as molds and bacteria, it is required to add.

preservatives in such amounts that the concentration thereof



Examol e 3: 10.0 g of HPC was dissolved in water in a
thereto to nake a total volunme of 200 mMl to prepare
containing HPC. 80.0 g of MC, 80.0 g of -17 -,
REPLACEMENT SHEET 5NO Avi cel RC-591~ and 18.0 g of
placed in a fluidized-bed granulator, then the HPC b
sprayed - thereto for granul ation. The granul es obta

N (7% NV 199¢6eT

ngi ng sol ution
ne

the use of a sieve No. 12, and granul es which did not

pass the sieve

edf

crushed in idds antesaeaned-agal ia DY 108 USAnOL - c8nSLE¥E Nenls LG=

conbining wth the

ferromagnesic sreparations axe used, ralacively large

amounts of dose, rangiag from §00 to 1,000

mi, must be

administezed, and thersiors, a problem arises in that the

total uptaks oI preserratives can sexceed the amount

permictad in one day.

In dispersions, most ferromagnetic pazticles exist as

solids suspended thezsin, and a parxt of ferzomagnetic

‘particles exists in a dissclved state. Generally speaking,

a solid stcate is morxs

in

tabla than a solution state, aad

therefore, ferromagnetic particles in dispersions are

considered disadvantagecus compared to thase in a solid

state with regard to stability.

Moreover, dispersions have the drawback that a large

space is required for the storage and transportation of the

dispersion preparations. In view of this,

granular

preparations which are capable of being prepared into a

dispersion upon clinical use are desirable

compared to

preparations supplied, transported and stored in

dispersions.

In an attempt to overcome the above drawbacks,

preparations containing ferromagnetic particles and

ranular

viscosity-increasing agents have recently been developed (EP

0409351-Al).

However, in order to prepare a dispersion of a granular

preparation in water or in an aqueous medium, a stirring

operation from 15 seconds to 60 minutes, preferably 2 to 10



previ ously obtai ned through-sieve granules to obtain core.granules. 4.0 g
of ferromagnetic particles was suspended in an acueous s
EPC .whi ch had been dissolved in water in advance,-and 80 qﬁ?ﬁﬂ?EﬁEﬂ% gﬁgtf)
ferromagnetic particle-containing coating solution was prjega q. aé. g qf
the core granules was placed in a fluidi#zed-bed granul atgr, a,d“t‘ 9 -
ferromagnetic "particle-containing coating solution was gprlaved thereto.
Thereafter, granules were screened by the use of a No. 13 sieye, and
granul es W Gl TS St neassct hviniighh ihecsnevdexesey 1 '
granul ar preparation containing ferromagnetic particles. Conparative
Exanpl e 4: *Lm@-§goosuéngomndnedriipaiti ctes, didchspdigfaiiiiNa: 20. 0 g of
| actose, 17.0 g of_corn starch and 2.0 g of HPMC

preparations are not satisiactory with respect to rsadiness

for use. xoreove:, since the granular preparations contain
a v-scos-cl—ancreas_.g agent, thev pracipitate and become

ottom of the container, if

(o2

gelled to form clustazs at the

stirring is insufiicient. Once clusters ars formed, it is

.

ifficult to redispersa this. rthermore, since such
g*anula* preparacions which are slow in becoming hydratéd
orovide a dispersion in which swollen particles in a gel
state are dispersed in water or in an aqueocus medium, they
may be difficult to ingest. Therefére, conventional
granular preparations are not satisfactory'in terms of
instant preparation and ease in taking.

. Accordingly, an object of the present invention is to
provide a contrast agent in a solid form, which is a
granular preparation capable of being instantly dispersed to

~provide a homogeneous and viscous dispersion when suspended
in water or in an aqueous medium upon use.

i e v lon:

The present invention provides a granular preparation

for MRI which comprises bulky particles containing a
ferr omagnet;c material and a vxscosxty-*ncrnaSLng agent.

Due to the bulkiness of the particles, the granular
Dreparation according to the present invention is not
coagulated by Qellation when it is prepared into a suspension.

It instantly provides a uniform viscous suspension upon



were hompgeneously mixed in a nortar. Conparative Exanple s

was dissolved in water in advance, and water was added th r@EBLA

TeSHEET

total volune of 100 m to prepare a HPMC bi ndi ng- sol uti on.

REPLACEMENT SHEET -18- and then the HPBIC Bi ndi ng sol ution jwg

for granulation. The granul es obtai ned were.screened by tjhe—tse—eof

189§ dT_
| act ose and 108.0 g of corn starch were placed in a tunblijng g gﬁﬂ
S a ed theret

No. 12, and granul es which did not oass the sieve were cr

shed in nortar

CATC—IT e

and screeped-age¢ N bywcdR gl Of :82 preparation meched is sImpls and

2asv. Moracver, since it is a solid preparaticn, ZarIomagnetic
parzicles are stadbly carried ther=in, and suczafaction dbv
miczcorganisms and moids is negligibie comparsd with agueous

dispersions. It is also advantageous in handling, in view of

the transportation and reduced space for storage.

r Carv—ris

The farromagnetic material which is used in the present
invention serves as the active component of the contrast
agent for MRI. It encoﬁpasses not only ferromagnetic
materials, but also ferrimagnetic and superparamagnetic
mater;als A specific example of the ferromagnetic.
materials is selected from the group consisting of magnetlte
(Fe304), gamma-ferric oxide (gamma-Fe,03): cobalt ferxite,
nickel ferrite, manganese ferrite and mixtures thereof.

In the present invention, the ferromagnetic material.
may be incorporated by itself. However, it is preferred

that the ferromagnetic material first be coated with,
embedded in, or carried by a nonmagnetic pélymer to provide
composite particles, and the resulting particles
(hereinafter referred to as feﬁromagnetic particles) be
incorporated into the granular preparation of the invention.

. Examples of the above-described nonmagnetic QO}Ymer

. which is used to prepare ferromagnetic particles include
naturélly-océurred or synthetic polymers such as cellulose,
its derivatives and polymer latexes. Of these, sulfonated

styrene-divinjlbenzene copolymers (for example, W086/03920)



sieve No. 12 for conbining wi.th the previously obtained through-sieve'

gr anul es.

Gr anul es

gr anul es.

sol uti on

and 50 m
was prepared.
granul at or,

Screeni hg of granules was performed again using a sieve No. 42.
whi ch passed through the No. 42 sieve

2.4 g of ferromagnetic partickes was suspended in an aqueous

|nt

Ofié ?19?15P?§:?@éf9r9 been di ssolved in water in advance,

omagnet 1 ¢ particl e-containing coating solution

1iﬁe4fer95maaﬁe€9eeps£eﬂah8§ 4pe prassdelinby phyisdicaad ped

si eve, .and granul es which did not pass through the sieve were renpved to

prepare a gtnéugarfacepafathenpomymarnpagtieméenngaebaeryahglches
Conpar ati ve Exanpl e 6:

crystals.

The ferromagnetic particles have an average diameter of
not more than 50 pm and preferably 0.1 to 20 um.

The amount of the ferromagnetic material or
ferromagnetic particles contained in the granular
preparation of the present invention is suitably determined
with reference to the expected efficacy of the preparation,
and generally, from about 1 to 10% by weight (hereinafter
referred to simply as %) based on the total weight of the
preparation;

The granular preparation of the present invention is
characterized by comprising a wviscosity-increasing agent.

The viscosity-increasing agent which is used in the
granular preparation of the present invention is soluble in
water or swells in the presence pf water. Moreover, the
viscosity-increasing agent must be difficult to decompose in
a living body and must be physidlogically acceptable when
administered to a living body.

When such a viscosity-increasing agent is used, the
inner walls of the digestive tract are covered by
ferromagnetic particles, which render the digestive tract as
a dark image, thereby intensifying the contrast between the

digestive tract and the target organs.

were renoved to obtain core

and the ferromagnetic particle-contalning coating Solution was
sprayed t hegghBinIhgr €akromagaetitl esyseatssaieaneHebpolpmetseatiexd iMp. 12
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6.0 g of HPMC was dissolved in water in advance,.to which 3 OﬁifhﬂCEMENT SHEET
ferromagnetic particles were suspended. Water was added thefef0 TO Hﬁkc &
total volune of 200 m to prepare a HPMC bi ndi ng.sol ution cpn a ﬁV
ferronagnetlc particles. 90.0 g of lactose and 51.0 g of cofnf starc mE?@
placed in a fluidized-bed granul ator, tjhen the HPMC bi ndi ngf sels-+-on
containing ferromagnetic particles was sprayed for granul atfion. The

granul es obtai ned were screened by the use of a sieve No. IZ—omd
granul es whi ch di<hmdiespass dhee v2Eeyei vk En€rdsdtl | dgarnt tiafciantk screened
again by the use of a sieve No. 12 for conbining wth the previously
obt ai ned t lweduglicsee \demjravilves,t aaghésdtm aaluminum silicate (Veegum),
xanthan gum, and the like. Specific examples of the

cellulose derivatives which are useful as the viscecsity-
increasing agent include methylcellulose,
carboxymethvlcellulose-Na, crystalline
cellulosa-carboxymethvlcellulose-Na, and thé like. They may

be used singly or in combination of two or more.

The viscosity-increasing égent according to the present
invention is generaliy incorporated in an amount of 3 to
90%, particularly 15 to 80%, based .on the total weight of
the preparation. | '

Furthermore, the granular preparation of the present
invention may contain disintegrants, binders, vehicles and
the like in addition to the viscosity-increasing agent.

Examples of the disintegrants include corn starch,
carmellose calcium, hydroxypropylcellulose of low
substitution degree and cross carmellose sodium. They may
be incofporated in amounts of not more than 20%. Generally
speaking, it is preferred that theylbe incorporated in.

amounts from 2 to 10% based on the total wgight of the
breparation. .
.Examples of the binders include the above-mentioned
viscosity-increasing agents, hydroxypropylcellulose,
hydroxypropylmethYLCellulose, polyvinyl pyrrolidone,

polyvinYI alcohol, and the like. The amounts of the binders

are generally 10% or less, and preferably from 2 to 8%,



granul ar pr
SHEET - 20 -

eparation containing -ferromagnetic particles. REPLACEMVE T
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pregelatinized starzch, lactose and mannitci. Tha amounts of

vehicles ase act sarticularly limited. Pzaisrzably, they axs

incozporatad in a zangs from l.to 95%.

[

orsparation of the prasent invention, the suspension

propexty 1s improved and a homogeneocus disgersion is
obtained. Examples of the suxrfactant which will facilitate
dispersing of particles include those which are generally
emploire—d. in the art, such as polysorbate 80,
polyoxyethylene, polyoxynropylene copolymers, and the like
(Japanese patent application laid-open (kokai) SHO 61-
S01633). They are incorporated in amounts from 0.0l to 15%
based on the total weight of the preparation.

Examples of additives other than those mentioned above
include antioxidé.nts, sweeteners, flavors, colorants, and
the like. Specific examples of the antioxidants include
sodium sulfite, sodiumhydrogensm;lfite, sodium
nydrogenthiosulfate, ascorbic acid, thioglycerol,
tocopherol, dibutylhydroxytoluene and butylhydroxyanisole.
Moreover, the q:anulazf preparation mey optionally contain
suitable sweeteners, flavo;;s, colorants and tha like.

It is necessary that the granular preparation according

to the preseat iavention take ti

rh
'.

bulky particles.

o)
o)
h

2 10

8

The term "bulkv particles" means that the particles have 2

small apparsnt dansity. The apparent density is preferably




Test Exanple 1 (Measurenent of particle size dlstrlbutlop&pLguzmgn¢asﬂEgﬁ
the granul ar preparations or nortar m xtures prepared i{n d=xarptes—t
Conoar at i ve Exanpl es 6- was cl assfied using a 12 nmesh S gﬂggggﬁwg )
mesh sieve set on a sieve shaker (Ro-tap shake-r, .trad nerk¥ nyit
Based on the proportion by weight of tée classified parftilcles. a partidl
size distribution was obtained. The particle size distrfi bution of the
granul es obtained in Exanples 1 - 3 and Cbnparat|ve Ex

was sucn that geFRulEarhivitng/al di ndiwgrefpasErad i drdrerd |- v»é-‘ré)-[ﬂresent
in a proportlon of not less than 90% (Table 2). By contrast, the particle
si ze distrgémii-on of the mixture obtained in Conparative Exanple 4, which
were prepared by mxing ferromagnetic particles and additives in nortar was
such that powdeFeNeFAELAY atdfaRefeicld diametam@r the granular

preparation of the prasent invention is preferably in the

13

h

range o 130 to 1400 pm. Pazticularly, it is preferred that

g

pa:ticlég.having a diameter of not more than 150 um exist i
a proportion o0f not mors than 20%'of the totél particles.

The viscosity of an aqueous suspension of the granulax
preparation of the present invention is_preferably £from 50
to 2000 cp aiter being completely hydrated.

| The granular preparation of the present inventidn is
obtained by a granulation method.

Granulation is an operation of converting a starting
material in the form of powder, block, or solution into
particles. Methods of granulation for preparing medicines
are generally divided into dry-granulation methods and wet-
granulation methods from the aspects of mechanism of
apparatus and granulating mechanism of starting powders.
The dry-granulation methods comprise a compression
granulation'method and a melting granulation method.

" Among the wet-granulation methods, four methods are
widely used: an extrusion granulatién method using a
cylindrical granulation machine, marumerizer, pelleter, and
the like:; a crushing granulation method using a speed mill
or the like to crush.a wet mixture; another crushing
granulation method using a minimizer, power kneader, speed

mill, or the like; a tumbling granulation method making use



150 [err] were present in a proportion of not |ess than 9?9“

particles

Distribution of particle size Distribution of particle site

Conparative Exanpl es Conpar at i fe] Exanpl es
Exanples [err] 1 2 3 1 2 3 4 5 6 D4ONEYSH9g 40(
100 99.6 97.4 97 093.2 0.7 99.3.108.6 150 or d "0 0.4

and 150 pm corresponds to Mesh No. 100. Test Exanple

6.8 99.3 0.7 1.4 less Note: 1400 pn1correipon S

the appar eRf @epsengipencn which occurs duriang rotation; and &

Zluidized-bed g:anulation method such as a spray-d=yiag (the
Japanese Zharmacopoeia A-73 ta 74). GIf chese methods, the
fluidized-bed granulation methodé is preferablis for obtaining
the bulky granular prsparacion of the prssent iavention.

Accozding to the fluidized-bed‘granulating method,
oowdexrs a:e'kepﬁ in a fluid state, to which a solution
containing a binder is sprayed for cohering and granulating
the pa:ticles. In more detail, a binder is sprayed onto a
layer of floating powdars from a nozzle attached To tias
granulating apparatﬁs for inducing cohesion of particles to
allow them to grow inté homogenedus particles.

By contrast, accordihg to the tumbling method, powder
is wetted, a binder is added thereto if necessary, and
subsequently vibration or rotation movement is applied to
make spherical particles due to cohesion. Granular
preparations obtained by a method wh;ch produces granules
having a high apparent density, like this method,
precipitate when they are added in water or in an aqueous
medium. Such preparations require a stirring time of at
least 30 seconds and preferably 1l minute or mbrg for making
a dispersion without causing coagqgulation, and therefore, a
very short stirring of 5 seconds or so as achieved in the
present invention cannot provide a suspension. This is
because granular preparations having a high apparent density
have less voids compared to those having a low apparent

density, and therefore, water or an aqueous medium permeates

rement of

Q—thaéﬁ_________.




15 g each of granul ar preparations obtained in Exanples

SHEET -23 - 3 and Conparative Exanples 1, 2, 3, 5 and 6
m xture obtained in Conparative Exanple 4 was taken and pl
messcyl i nder, respectively, and then the nmesscyl.i nder was
tappi ng machine. After tapping 200 tingg. the surface of t
nmesscyl i nder was nmade flat by the use of a spatula, and t

FREPLACEMENIT SHEET

AN a [TOoT et

1] a2hiNeY e
h

e vol une of the

sanpl e was visually read. The apparent density was cal cul alTed accord-Ag—to-
the fol | owi A§T8qtati R Narem¥ denseugiag slow hydration and

dissoluticn of viscosity-increasing agents t©o

+h

down the speed oI increase of the viscosity.

if stizring is insufiicient, granules pracipi

gel at the bottom o the centainer, and produce

-

wnich will no more be dispersed again.

3y extrusicn granulation, crushing granulati

Ttumbling granulation, part

further

r
ta<

slow

Accorxdingly,

e, Zorm a

clusters

n or by

icles undergo relatively strong

shear stress or compression stress during the granulation

step, which results in unpreferable granules having a high

apparent density.

The granular preparation of the present invention which

can instantly provide a dispersion is preferably prepared by

the combination of fluidized-bed granulation and spray,

' coating.

More specifically, a ferromagnetic material or

ferromagnetic particles, which may be added at the time of

granulation, are preferably dispersed in an aqueous solution

of a viscosity-increasing agent or a binder,
resulting dispersion may be sprayed for coating

particles of additives other than ferromagnetic

and the

onto nuclei

particles

obtained by fluidized-bed granulation in advance.

The thus-obtained granules have a low apparent density,

do not precipitate when added in water or in an

agueous

medium, are instantly and readily dispersed only by a

stirring of 5 seconds or so without forming clusters or

coagulation, and provide a viscous homogeneous suspension

with ease.

Since granular preparations having a low



(Quantity of sanple (15g))/ (Apparent volume (m)) The apparvmfpﬂﬁvmfme%EET :
of the particles of the granular preparations prepared in Exja '

and Conparative Exanple 6, which were prepared by a. fluidizdgd- beﬂ
granul ati on nethod were all not nore than 0.4 g/nm. By contrfa £V 1996
apparent densities of the particles of-ighe granul ar preparatl, prepar ed
I n Conparative Exanples 1, 2, 3 and Conparative. Exanple 5, Ymich wer e
prepared by a tunbling granulatlon nmet hod were al'l not |ess
The appar entagieiisddy d¥nsihe warkas Dbyt gEe,@bES e&%aﬂamaﬁdnyﬁaaml e
4 which was not granulated was 0.77 g/m . Test Exanple 3 (Measurenent of
viscosity): dreparadiaonphapdngt aONi¢R apoarehdt deaAsival endcdo dHRmy of
ferromagnetic particles was dispersed in 200 m of

acueous mecdium can easily permeats into the granulax

DreD parations. Accordingly, the viscositv-inczeasing agents
contained thersin can sasily be nvdrated oz dissolved to
quickly elevate the viscosi:zy of the system, achieving an
instant dispersion by a stirring of 5 seconds or so without
causing precipitation. Furthermores, the granular
oreparations having a low apparent density according to the
invention have a lot af voids, and therefors, clustexs are
hardly formed even though gelation occurs during dispersion.
Examples:

The present invention will next be described more
specifically by way of examples, comparative examples, and
test example, which should not be construed as limiting the -
invention.

Using various viscosity-increasing agents,.binders,
vehicles and disintegrants, the below described 9
preparations were prepared. The formulations are shown in
Table 1.

Comparative Example 1:

15 g of polyvinylpyrrolidone (hereinaftér referred to
as PV?) was dissolved in water in advance, and 3.0 g of
ferromagnetic particles* were suspended therein. Water was
added to make a total volume of 100 ml, and thus a PVP binding
solution containing ferromagnetic particles was

obtained. 48.0 g of xanthan gqum, 84 g of lactose and 150 g




water. After allowing it to stand overnight, the dispersion REPLACENMENT
SHEET -24 - which presented a-honpgeneous suspension was subjected to

viscosity .measurenment using a B-type visconeter in a tepperattte—tange—of
18 ta 22[érr]C at 60 rpm Spindle No. 3 was used -or ng a%FLPrLAGWEN\ESﬁEET
viscosity of the suspensions resoared wi3h Exanples 1 -| 3| granular
preparations and Conparative Exanples 1 - 4 granul ar prepay agsRev §98
spindle No.1 was used for measuring the viscosity of the ﬂuspensions
prepared with Conparative Exanples 5 and 6 preparations.| Those—whiech—wede

granul ated together with

I corm stazch wers placed In a tumbling g:anu-a_o:, Tthen

0

~

The 3V? bdinding sdlu:icn centaining fez-omagnetic garticles
was added thezszo for granulation. The gzanules
obtained were scrsened by the use of a sisve No. i2, and
those which did noT pass the sieve wers crushed and screened
again bv tie use o a sievs No. 12, and comtined with the
previouslyv obtained uh:ough-sieﬁe granules. Scrzening of
granules was periormed again using a sisve No. 42. Granules
which passed through the No. 42 sieve were -smoved tO obtain
a granular preparation. *: The ferromagnetic paxticlas
used in this example were prepared by suspendinq solid
ferromagnetic particles in water with a proportion of 12 to
14% (hereinafter the same applies). |
Comparative Example 2:

2.5 g of hydroxypropylmethylcellulose (hereinafter
referred to as HPMC) was dissolved in water in advance,
and water was added thereto for making a total volume of 83
ml to prepare an HPMC solution. 37.5 g of
carboxymethylcellulose-Na (hereinafter referred to as CMC-
Na), 37.5 g of veegum, 100 g of lactose and &5 g of corn
starch were placed in a tumbling granulatox, then the HPMC
binding solution was added thereto for granulation. fThe granules
obtainéd were screened by the use of a sievs No. 12, and
granules which remained on the sieve werxe crushed and
screened again by the use of a sieve No. 12 for combining

h the praviously obtained through-sieve granules.

P
ct

1
-

Screening of granules was performed again using a sieve No.



vi scosity-increasing agents, nanely those using Exanples. 1 - 3 and
Conparative Exanples 1 - 3 preparations exhibited 200 tRHﬂQ@@M *FEE

(centipoises). Use of Conparative Exanple 4 preparati¢n A
simlar value (Table 3). Use of preparations of Conpajajive Exanples and
6 which did not contain a viscosity-incyeasi ng agent pxhi 0% B@vnEEsmor e
than 5 cp. Table 3 Conparison of apparent density and] viscosity Conpgrgtive
Exanpl es ~ ° Conparative Exanpl es Exanpteqd 1

2 3 1 2 3 4 5 . 6 Apparent denshy Q. 77 0.71 Q.50

0.26 0.30.0.16 0.77 0.53 0.34 (g/nl)

2. Granules which passed thzough the No. 42 sieve wers -
Ta2moved to gbtain crude granules.

2.4 g of ferromagnetic parxticles was suspended in an
2Cueous solution of 1.2 g of EPMC dissol&ed in water L
advance, and 50 ml ia <otal of a fsrxromagnetic particle-
containing coating solution was pr-eparad. 11§.4 ¢ of the
coxes granules were piaced in a fluidizad-bed granulator,
and the ferromagnetic paxticla~containing coating solution
was sprayed thersto. Subsequently, granules were screened
by the use of a Mo. 12 sieve, and granulas which did aot
pass through the sieve were removed to prepaze a granular
Dreparation containing ferromagnetic particles.

Comparative Example 3:

2.5 g of HPMC was dissolved in water in advance,
and water was added thereto for making a total volume of 83
ml to prepare an HPMC binding sblution. 75 g of methylcellulose
(hereinafter referred to as MC), lOO.g of lactose and 68.8 g
of corn starch were placed in a tumbling granulator, then
the HPMC binding solution was added thereto for granulation.
The granules obtained were screened by the use of a sieve No.
30, and granules which did not pass the sieve were crushed
and screened again by the use of a sieve No. 30 for
combining with the prsviously obtained thrbugh—sieve
granules. Screening of granules was performed again using a
sieve No. 100. Granules which passed through the No. 100
sieve wers removed TO obtain core granules.

1.2 g of ferromagnetic particlaes was suspended in an



Vi scosity

adm nistered): A granular preparation in an anount equi AUt -
- ng of ferromagnetic particles was added to 200 m fngfgc", € il #gd by

esence or absente of
aggregation of particles was visually observed. Wenp §h ﬂ%ﬂ% opsj of
Exanples 1 - 3 and Conparative Exanples 1 - 3 were e

i mredi at e

558 266 1960 278 964 280 262 4.2 1.5 (cp) Test Exanple
4 (Aggregation of particles during preparation of a salution to be

stirring wwth a spatula for.1sJdn nute. The{p|

d, _no aggrep

was observed during preparation of a solution (Table}4).

agueous solution cecntalning 0.5 ¢ OE-H?K whizh had neen
dissolved in water in advance, thersby 23 mi in zotal of a
ferromagnetic paxzticle-containing coating soluzion was |
preparxaed. 113.2 g cI the cors granulss wers placed ia a
£luidized-bed granulatcr, and the ferzomagnetic particle-
containing coating solution was sgéayed therato.
Thereaitar, granules wexzs screened DY the use 0f a No. 20
sieve, and granules which remained on the sieve were
removed to prepare a granular preparation containing
ferromagnetic paxticlas.

Example 1:

12.0 g of HPMC was dissolved in water in advance,
and water was added thereto to prepare an HPMC binding solution
having a total volume of 200 mlL. 40.0 g of CMC-Na, 126 g of
lactose, 16.0 g of hydroxypropylcellulose_havinq a low
substitution degree were placed in a fluidized-bed
granulator, then the HPMC binding solution was sprayed ;hereto
for qranulation; The granules obtained were screehed by the use
of a sieve No. 12, and granules which remained on the sieve
were crushed in mortar and screened again by the use of a
sieve No. 12 for combining with the previously obtained
through-sieve granules to obtain core granules.

2.4 g of ferromagnetic particles was suspended in an
agueous solution containing 1.2 g of HPMC which had been
dissolved in water in advance, and 50 ml in total of 2
ferromagnetic particle-containing coating solution was

orepared. 1l6.4 g of the core granules were placed in 2

25

i on



Aggregation of particles was observed when a Conparative Exanple 4

preparation which contained a viscosity-increasing ag hut _vas. not
granul ated was used. Moreover, no aggregation was.obsér RERLAGEMENT 'SHEET

granul ar preparations of Cbnparatlve Exanples 5 and 6 ont ai n
a viscosity-increasing agent were used.jglable 4 Aggregafi \ i c| ep
during preparation of a solution to be adninistered aﬁg?géépik%
Exanples Conpar ati ve Exanpl es Exanpl es} 1 2
3 1 2 3 . 4 5 6 Aggrega- tion of None None None

None None None Obser- None None particles

ved )

fividized-bed granulazar, and the ferr ﬁagne__c parzicle-
centaining <o2tling sclution was spraved thersta.
Subseguencly, granulss wers screened by the use o a No. 12
sieve, and granules which did not pass through the sieve
were removed to pregars a granular preparation cdataining
farromagnetic paxticles.
Zxample 2:

9.0 ¢ of hydzoxypropylcellulose (hereinaiter referred
T0 as HPC) was dissolved in water in advance, in which 3.0 g
of ferromagnetic particles were suspended. Water was added
thereto for making a total volume of 300 ml to prepare a
HPC binding solution containing ferzomagnetic particles.
30.0 g of xanthan.gum, 90 g of crystalline
cellulose-carboxymethylcellulose~-Na (hereinafter referred to
as Avicel RC-591), 18 g of lactose were placed in a
fluidized-bed granulator, and then the HPC binding solution
containing ferromagnetic particles was sprayed thereto
for granulation. The granules obtained were screened by the
use of a sieve No. 12,.and granules which did not pass the
sieve were crushed in mortar and screened again by the use
of a sieve No. 12 for combining with the previously obtained
through-sieve granules to obtaining a granula: preparation
containing ferromagnetic particles.
Example 3:

10.0 g of H?C was dvsso1ved in watex in advance, water
was added thersto to maks a total volume of 200 ml to prepare

a H2C binding solution containing HPC. 80.0 g of MC, 80.0 g of



Test EXaane 5 (Time required for preparing a suspension to be adm nistered
I n which precipitation is not observed): A granular preparation in an
anount equivalent to 100 ng of ferronagnetic particles was added to 200 -m

of water, followed by inmediate stirring with a spatula
Precipitation of particlegywas observed fof RERUAGEMENT
n

di sper si on.

precipitation was observed, a granula-r preparation in
to 100 ng of
bf water, and stirred for a prolonged period of tinme un
ne nore observed. The stirring time which

- 26- ferronagnetlc particles was separaje yH&g@&g

seconds for

0

gnt
to 2qoni
P86 dnlis

Avicel RC-3§17and 13.0 ¢ cf cozn stazch weze placed ia 2

‘Zfiuidized-ted granulatox, then the HPC binding sciution

was sprayed thersta for granulation. The granulas obtained wers

scrzened Dy the use 92 a sisve No. 12, and granulss which
did not pass the siave werz crushed in ztar and screensd
again by tle use of a sisve No. 12 for combining with the

previously obtained through-sisve -granulss to obtain coxs

4.0 g of ferromagretic particles was suspended in an

aqueous solution of 2.0 g of EPC which had been dissolved

3

water in advance, and 80 ml in total of a ferromagnetic
particle-containing coating solution was prepared. 94.0 g
of the core granules was placed in a fluidized-ﬁed
granulator, and the ferromagnetic particle-containing
coating sblution was sprayed thereto. Thereafter, granules
were screened by the use of a No. 12 sieve, and granules
which did not pass through the sieve were removed to prepare
a granuiar preparation containing ferromagnetic particles.
Comparative Example 4:

1.0 g of fnrbomagneglc particles, 10.0 g of CMC-Na,
20.0 g of lactose, 17.0 g of corn starch and 2.0 g of HPMC
were homogsnecusly mixed in a mortar.
Comparative Example 5: .

3.0 g of HPMC was dissolved in water in advance, and
water was added thereto to make a total volume of 100 mi to
prepare a HPMC binding solution. 189 g of lactose and

108.0 g of corn starch were placed in a tumbling gzanulatoz,



was required for observing no precipitation was taken as "tite 31 AP

was counted for the period of time recuized for preparing a OR@ﬂﬁgﬁmfﬁﬁéﬁﬁET
adm ni stered. Anong the preparations of Exanples 1 - 3 and {o ?{g%kgf .
Exanples 1 - 3, which were granul ated together with a viscos{ty- Y® agﬂhg
agent, the time A for preparations of.®uparative Exanples 1}-{3 obtained
by a tunbling granulation nethod was 70 to 90 seconds, wherehs tine A for

preparations of fgaanes"% -. 3 obtained by a fluidized-hed gkanulatian

met hod was <Hr t <3 SIS LaRibBLesaluting Prepadasd oreT2TAnPAFat i ve -

Exanpl e 4 mhLEP cgp;ginedm vi scosity-increasing agent but was not

granul at ed forHEYRyytegattiéh SoRA¥aRS| ebeaigedt NeTei RE-9FN9* cPAr rag ase

solution to be adniningred and therefore, neasurement was not possible.
oI a si2ve No. .2, and granules which did not pass tile siswve
were crusned 1n mortar and scrszened again Dy the use of a
sieve No. 12 Ior combining with the previously obtained
through-siave granules. Screeniné of granules was pezformed

again using a sieve No. 42. Granules which passed through

sieve wers removed to obtain cors granules.

(18]

the No. 4

2.4 g of ferromagnetic particles was suspended in an
aqueous solution of 1.2 ¢ cf HPMC which had been dissolwved
in water in advance, and 50 ml in total of a ferromagnetic
-particle-containing coating solution was prepared. 116.4 g
of the core granules was placed in-a fluidized-bed
granulator, and the ferromagnetic particle-containing
coating solution was sprayed thereto. Thereafter, granules
were screened by the use of a No. 12 sieve, and granules
which did.not pass through the sieve were removed to prepare
a granular preparation containing ferromagnetic particles.
Comparative Example 6:

6.0 g of HPMC was dissolved in water in advance, .to
which 3.0 g of ferromagnetic particles were suspended.
Water was added thereto to make a total volume of 200 ml to
prepare a HPMC binding solution containing ferromagnetic
particles. 90.0 g of lactose and 51.0 g of corn starch were
placed in a fluidized-bed granulator, then the HPMC binding
solution containing ferromagnetic particles was

sprayed for granulation. The granules obtained were



Test Exanple 6 (Time required for suspending): A granular preparation in an
anount equivalent to 20 ng of ferromagnetic particles was taken and

di spersed in 40 m of water. The resulting di sperstion was shaken with a
shaking apparatus. The period of time during which particles are uniformy
suspended and can no nore be visually @aserved was defi
required for suspending. In Exanples 1 to 3 where granulfe

SHEET - 27 - nmethod, the resulting granul es exhibiter sho t@5mﬁ,r'¢§ge

scresened by':ne use oI 2 siéve No. 12, and granules which
did not pass the sisve were crushed in mortar and screened
again by the use of 2 sieve No. 12 for combining with <The
'previdusly obtained through-sieve granuleas to obtain a

granular praparation containing -e::cmagﬁetzc particles.
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Time A: Period of tinme (seconds) of stirring required until precipitation
of particles is no nore observed. Tine B: Period of tinme (mnutes) required
for preparing a honogeneous suspension. [*]: Measurenent could not be
carried out due to aggregation. Preparations of Conparative Exanples 1, 2
and 3 were prepared by tunbling granul agj on net hod, and..Pgeparations of
Exanples 1, 2 and 3 were prepared by fluidized-bed granglgtlon nmet hod. Test

Example 7. (Suspen5|on Sy abi i ty)f A'granutar pr ¢parjat i of Bn an anount
equi val ent to 100 of l fegriomagngty ¢ parfticles q takenzandp
200 ml of water. After alﬁ ovw ng | wt):smaigd overrgght, g\l;orm eRERh&SEMENT SHEET
suspension was stifred wth|a spa@ul fp~ Th ;) g -
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state of suspension was observed after 30 m nutes and 24 hBE?QCEMFNL S_HEET

suspensi ons using preparations of Exanples 1 - 3 REPL

agent exhi bited an excel |l ent suspension stability. = By cdntirast the

suspensi ons using preparations of Conpar-ative Exanples
not contain a viscosity increasing agent were both separ
(Tabl e 5). Table 6 Suspension stability of suspensions

B

Test Sxample 1 (Measurement of par<icle size distzibution):

20 g =2ach of the granular preparations or mortar

mixturas praparad in Zxamples L - 3 and Comparative Examples

1 - § was classified using a 12 mesh sieve and a 100 mesh

sieva set on a sieve shaker (Ro-tap shaker, trademark) Zor 3

minutes. BSased on the proportion by weight of the

classified particles, a particle size distribution was

obtained. The particle size distribution of the granules

obtained in Examples 1 - 3 and Comparative Examples 1 - 3 ;

S - § was such that granules having a diameter of 130 %o

1400 gm were present in a proportion of not less than 90%

(Table 2). By contrast, the particle size distribution of

the mixture obtained in Comparative Example 4, which were

prepared by mixing ferromagnetic particles and additives in

mortar was such that powders having a diameter of less than

150 xm were present in a proportion of not less than 99%.

Table 2

Distribution of particle size

Distribution of particle size (%)
Diameter of ' - - -
particles Comparative Examples Comparative
Examples Examples
Bpm ' ;
1 2 3 1 2 3 4 5 6
1400-150 100 100 99.8 97.4 97 93.2 Q0.7 99.3 098.%
150 or 0] 0 0.4 2.6 3 6.8 99.3 0.7 1.4
less

Note: 1400 um corresponds to Mesh No. 12, and 150 pm
corresponds to Mesh No. 10Q.

Test Example 2 (Measurement of the apparent density):

15 g each of granular preparations_obtained in Examples



Conparati ve Exanol es Conpar ati ve Exanpl es ) .
Exanples 1 2 3 1 2 3 4 5 6 AftfrREPLAGENENT, SHEET
Good Good Good Good Good Sepa- Sepa- 30 mnutes.- '

rated rated After Good Good Good Good Good Good Gopd SBEaNO¥ciIRée 14
hour s -23 - rat-ed rated |Good: Stable,

and honobgeneous suspensi on was mai ntai ned. Separated: Poof StabilTity, an
precipitati on was observed. Industrial Applicability: Thelgranul ar
pr epar ati on lof- thengdr campt-anyeat Eranplayidesz a2 3t aplga ¢ %9‘21”% fkar
uni f orm di spersi on whi ch does not cause precipitation of particles by a
mere stirri mgiksuseendicadgnet theCpneppitivOEdtdmytd f s Idhi@h FHELOUS
medi um The granul ar preparation of the invention

placed in a 100 ml messcylindecz, respectivelv, and then the

messcylinder was attached to a tapping machine. After
tapping 200 times, the surface of the sample in the
messcylinder was made flat by the use of a spatula, and the
volume of the sample was visﬁéliy read. The apparent |

density was calculated according to the following equation:

Apparent density =

(Quantity of sample (ng))/ (Apparent volume (ml))

The apparent densities of the particles of the granular
preparations prepared in Examples 1 - 3 and Comparative
Example 6, which were prepared by a fluidized-bed
granulation method were all not mére than 0.4 g/ml. By
contrast, the apparent densities of'the particles of the
granular preparations prepared in Comparative Examples 1, 2,
3 and Comparative Example S, which were prepared by a
tumbling granulation method were all not less than 0.5 g/ml.
The apparent density of the mortar mixture obtained in
Comparative Example 4 which was not granulated was 0.77
g/mlL.

Test Example 3 (Measurement of viscosity):

A granular preparation in an amouné equivalent to 100

mg of ferromagnetic particles was dispersed in 200 ml of

water. After allowing it to stand overnight, the dispersion



does not formclusters at the tine of suspending. |n additi]oREPLACEMENTi SHEFT

a suspension which is suitabLe -or administering to human sybj[ecTs amd—
whi ch can be instantly prepared. Since the present. preparatijo i@‘ﬁ“b?i 6
solid form it is free fromputrefaction due to nicroorgani ana no &?

-29- REPLACEMENT SHEET conpared w th aag4eous dispérsions, amd S-s
advant ageous in handling fromthe aspects of transportationjand storage

space. Accordi I t he granul.ar preparation of the present
P ﬁhfgk)bresenégéia homogengous suspension £gs subjected to

7iscosity measurament using a 3-type viscometer in a
Tamperature Tange of 13 to 22°C at 60 rpm. Spindle No. 3
was used Zor measuring the viscosity of the suspensions
preéared with Examples 1 - 3 granular preparations and
Comparative Examples 1 - 4 granular preparations, and .
spindlé No.l was used for measuring the viscosity of the
suspensions prepared with Compar.tive Examples 3 and 6
preparations. Those which were granulated together with
viscosity-increasing agen;s, namely those using Examples 1 -
3 and Comparative Examples 1 - 3 preparations exhibited 200
to 2000 cp (centipoises). Use of Comparative Example E
preparation also exhibited a similar value (Table 3). Use
of preparations of'Comparativé_Examples S and 6 which did

not contain a viscosity-incréasing agent exhibited not more

than S5 cp.
Table 3
Comparison of apparent density and viscosity
Comparative Examples Comparative
Examples Examples
1 2 3 1 2 3 4 5 6
Apparent
density 0.77 0.71 0.50 0.26 0.30 0.16 0.77 0.53 0.34
(g/ml)
) v:('.zcc):sity 558 266 1960 278 964 280 262 4.2 1.5
D :

Test Example 4 (Aggregation of particles during preparation
of a solution to be administered):

A granular preparation in an amount equivalent to 100



REPLAGEMENT SHEET

Tt

e Nav 144 '.

I nvention is very useful as an negative contrast agent -for
dosed orally or per rectumand prepared into a suspensi on upo
MITZilil 1l ~111sl 11 111 12- J -30- Cainms: |. A gr
-preparation for magnetic resonance imagidg. conprising bul ky & ;
contain a ferromagnetic material and a VIscosity-increasinglagent. wherein

t he apparent densjtgéé§5AE aegég?g §$§§$%4ﬁ¥%§32§352h%2 306 ﬁiﬁtg*%aéQEi

A >
gr anul ar prepgr & aasEs
isilcwed by immediats stirTing with a spatula for 1 minuza.

The presence JT absence cI aggregatvion 0F particles was

L9

visually obsarved. When the preparations of Zxamples 1 - 3
anéd Comgparative Zxamglias 1 - 3 were. used, no aggregation
was apserved dusing praparation of a solution (Table 4).

Aggzegation of pasticles was observed when a

W

o>

Comparative Zxample preparation which contained a
viscésity-increasing agent but was not granulated was used.
Moreover, no aggregation was ohserved when the granular
preparations of Comparative Examples.s and 6 which did not

contain a viscosity-increasing agent were used.

Table 4
Aggregation of particles during preparation of
a solution to be administered
Comparative - Examples Comparative
Examples ' Examples
! 1 2 3 1 2 3 4 5 6
'Aggrega- ' .
tion of None None None None None None Obser- None None
particles ved

Tést Example 5 (Time required for preparing a suspension to
be administered in which precipitation is not observed):

A granular preparation in an amount equivalent to 100
mg of ferromagnetic particles was added to 200 ml of water,
followed by immediate stirring with a spatula fér S seconds
for dispersion. Precipitation of particles wAS'observed for
1 minute. W®hen precipitation was observed, a granular

preparation in an amount equivalent to 100 mg of



i medi ately disperses in water or in an aqueous nedi um when ni xed theremnth
to provide a uniformviscous aqueous suspension. 3. The gfng . ;

or by a conbi nation of a fluidized- bed n method and a s:ray coatlng
met hod. 4. The granul a preparation ac%dl ng to claim11. Yy r@ﬁmﬁ%
ferronagnetlc material exhibits ferronagnetism ferri- map [

wherei n t hgeke G THa0%i: 3l oS vh 8 5BBabEEROY acRakleolibi
" by. enbedded i nto or carried by a non-nmagnetic polyner. 6. The granu ar
prepar at i ORa®@G0r Aty 0. -gledl Fot. aWBBEEbAged peziod of time until
precipitation is no more observed. The stirring time which
was required for obsexving no precipitation was taken as
"time A", which was counted for the period of time reguixed
for prepacing a soiution to be administersd. Among the
preparations of Examples 1 - 3 and Comparative Examples 1 -
3, which were granulatad togethe- with -2 viscosity-
increasing agent, the time A for preparations of
Comparative Exampies 1 - 3 obtained by a tumbling
granulation methed was 70 to 90 seconds, whereas time A for
preparations of Examples 1 - 3 obtained by a fluidized-bed
granulation nethed was short and 5 seconds (Table 5).
The preparation of Comparative Example 4 which
contained a v;scos;ty-anreasxng agent but was not
granulated formed aggregation of particles at the time of
preparing a solution to be administered and the;efore,
measurement was not possible..
Test Example 6§ (Time required for suspending):
A granular preparation in an amount equivalent to 20 mg

ferromagnetic particles was taken and dispersed in 40 ml

[ Y

o
of water. The resulting dispersion was shaken with a
shaking apparatus. The period of time during which
particles are uniformly suspended and can no more be
Visually observed was defined as the time required for
suspending. In Examples 1 to 3 where granules containing a

viscosity-increasing agent were prepared by a fluid}zed-bed
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i} e} nickel
pf epar ati on
ape| di anet er

the ferromagnetic material is selected fromth
magnetite [err], gamma-ferric oxide (ganma- [efr
ferrite, manganese ferit and m xtures thereof.
of claims$S. wherein said ferronmagnetic particl -
of 0.1 to 20 [err]. 8. The granular preparatiop of claim1l. conpfising
1-10% by wei ght of said ferromagnetic neterial - e—+atal wei ght
of the ~pr8Far26or % 2 fhe falf A PraHaehivitad ieiar 2% ng
15-80% by wei ght__of said viscesity-increasing agent based on the total
wei ght of CREUFEST arrontSIBCHhe (Reainzad oy onaking mime (R Her® conpris-
I ng at Ieagt Qne n%gnbgr;gegected fromthe group, cqnsistjrué ———.
nakiing agtalatis), compazad to thHosa obtained in Compazaliva

[ 9%

Zxamplas . o 3 which empicved a tumbliang granulation method
(Table 35).
Table S

Comparison of presparation time

Comparative Examples " Comparative
Examples Examples
1 2 3 1 2 3 4 S 6
: Timé ( seconds)
Time A
. 70 80 90 S S S * 840 10.
Time (minutes)
- Time B

11 12 8 . 4 4 7 20 10 1

Time A: Period of time (seconds) of stirring required
-until precipitation of particles is no more
observed.

Time B: Period of time (minutes) required for preparing
a homogeneous suspension. '

[*]: Measurement could not be carried out due to
aggregation. Preparations of Comparative Examples
1, 2 and 3 were prepared by tumbling granulation
method, and Preparations of Examples 1, 2 and 3
were prepared by fluidized-bed granulation method.

Test éxample 7 (Suspension Stability):

A granular preparation in an amount equivalent to 100
mg of ferromagnetic particles was taken and dispersed in 200
ml of water. After allowing it to stand ove?nighf, a
homogeneous suspension was stirred with a spatula. The
state of suspension was observed after 30 minutes and 24

hours. The suspensions using preparations of Examples 1 - 3



of disintegrants, binders. vehicles and facts.
claim1. wherein the apparent density of the grgn
The granul ar preparation of claim |. wherein sgi an '&
di aneter of 150-1.400 [err]. 13. The granul ar prje tl%ﬂb m 1P. wherein
said granul es having a dianeter of not nore thary 150 [err] eX|s n a

proportion of not nmore than 20% of the2Beal partficles.

_ rpfepi on of
memegwsrmpg epi on ¢
h particle

174

- -
-

an¢ Compasazive Ixamplas L - & which containec.a visCASLITY--
increasing agent axhidizad an excallent suspension
stabilizy. 3v conizas:, the suspensions using preparations

oI Comparatlive Zxamplss 3 and § which did not contain a

(9]

viscosity-increasing agent were both separated in 30

minuces (Tadle §).

Table &
Suspension stability of suspensions’
Comparative Examples Comparative
Examples Examples
1 2 - 3 1 2 3 4 3 8
Aftar Good Good Good Good Good Good Good Sepa- Sepa-
. 30 minutes rated rated
After Good Good Good Goad Good Good Good Sepa- Sepa-
24 hours rated rated

Good: Stable, and homogeneous suspension was maintained.

Separated: Poor stability, and precipitation was observed.

Industrial Applicability:

The granular preparation of the present invention
provides a stable, viscous, and uniform dispersion which
does not cause precipitation of particles by a mere
stirring/suspending of the preparation in water or in an
aqueous medium. The granular preparation of the invention
does not form clusters at the time of suspending. In
addition, it provides a suspension which is suitable for
administering to human subjects and which can be instantly
prepared.

| Since the present preparation is in a solid form, it is

free from putrefaction due to microorganisms and molds
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compared with aqueous dispecsicns, and is advantageous i
nancling £zcm the aspec=s of transportation and storage
space.

Accordingly, the granular prééaration of the present
invention is vefy usaiul as an negative contrast agent Zor

MRI which is dosed orally or per zectum and prepared into a

suspension upon use. .
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GRANULAR PREPARATIONFORMRI |

The present iavention rzlates to a qranulér preparation
for MRI cbtained.by granulating a viscosity-increasing agent
together with a binder and if necessary, an vehicle, a
disintegrant, etc., Ey the use of a fluidized-bed
granulation method, and spraying fgrﬁomagnetic particles
suspended in an aqueous solution of a viscosity-increasing
-agent or a binder for coating the granules or incorporating
the suspension into the granules at the time of granulation’
to prepare bulky granules.

The granular preparation according to the present
invention does not undergo coagulation due to éelling at ﬁhe
time of suspending, and can be instaneously turned to a
suspension having a ungformi;y'anqmviscosity by mere
stirring. Accofdinglfji€ﬁe€§répa§at%pg meﬁhqq is simple and
easy. Since it':is.a solid preparation, stabiiity of ?he
ferromagnetic p;#ticle is highgr;than that of an aqueous
dispersion, is free from the pféblem.ﬁf putrefaction by
microorganisms and.mol&s and is advantageous from the

aspects of transportation and storage space.
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Claims:

1. A granular preparation for magnetic resonance imaging.
comprising bulky granuies which contain a ferromagnetic
material and a8 viscosity-increasing agent. |

wherein the apparent density of the g;ranules is not more

than 0.4 g/ml

2. The granular preparation accarding to claim 1. which
immediately disperses in water or in an agueous medium
when mixed therewith to provide a uniform viscous aqueous
suspension.

3. The granular preparation according to claim 1., which is
prepared by a fluidized-bed granulation method or by a
combination of a fluidized-bed granulation method and a
spray-coating method.

4. The granular preparation according to claim 1. wherein
the ferromagnetic material exhibits ferromagnetism, ferri-
- | Iagnetism Or superparamagnetism.

5. The granular preparation according to claim 1. wherein
the ferromagnetic material is in the form of a particle which
is coated by, embedded into or camried by a non-magnetic
potymer.

» 6. The granular preparation according to claim 1. wherein
the feromagnetic material is selected from the group con-
sisting of magnetite (Fe,0,). gamma-faTic oxide (gamma-
Fe,0,). cobalt ferrite, nickel ferrite. manganese ferrite and
mixtures thereof.

7. The granular preparstion of claim §. wherein said
ferromagnetic particles have an average diameter of 0.1 to
20 pm.

8. The granular preparation of claim 1. comprising 1-10%
by weight of said ferromagnetic material, based on the total

weight of the preparation.

‘1 9. The gramular preparation of claim 1. comprising
15-80% by weight of said viscosity-increasing agent. based
on the total weight of the preparation. :

10. The granular preparation of claim 1. further compris-
ing at lcast one member selected from the group. consisting
of disintegrants, bindess. vehicles and surfactants.

11. The granular preparation of claim 1. wherein the
apparent density of the granules is 0.1-0.4 g/mL

12. The granular preparation of claim 1. wherein said
|granules have a particle diameter of 150-1.400 um.
| 13. The granular preparation of claim 12. wherein said
granaies having a diameter of not more than 150 pm exist in
a propaction of not more than 20% of the total particles.”
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