-1- Contrast Agent for Use in Imagi ng Methods 5 The present invention
relates to the use of superparanmagnetic particles as auxiliaries in

i mgi ng nethods as well as a contrast agent for use in nedical

di agnostics, in particular, in inmaging nmethods. |Imging nethods, for
exanpl e, x-ray exam nations, M tonography, scintigraphy etc., 10
represent inportant resources in nmedical diagnostics for inmaging

nor phol ogi cal and nmetabolic processé%‘in the area of the skeletal systens
as well as pathol ogical changes in the area of the soft tissue. Wen
enpl oyi ng these nethods, the use of so-called contrast agents is
generally required. They effect in the body parts to be exam ned a sharp
delimtation between healthy tissue and pathol ogi cal changes. 15 Contrast
agents in MR tonography are in the formof nagnetic particles, for
exanpl e, super par amag@ettrast Agen farXisdén pagirigtiéRodsA revi ew of such
contrast agents is provided in Eur. Radiol. (2001) 11, 2319-2331. The
field of application of the described contrast agents conprises

essént i alfhg prasent inegyiting relbtes o dhe osq:]aﬁsu;mn;ﬁdftamsgdeinu%rtic&p|a@&ibxiliaﬁt§is mo on.
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bet ween 3 and 20 nm are aggregated to stable, deconposabl e aggregates
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Contrast agents in MR tomography are in the form of magnetic particles, for example,
superparamagnetic iron oxide particles. A review of such contrast agents is provided in Eur.
Radiol. (2001) 11, 2319-2331. The field of application of the described contrast agents
comprises essentially the imaging of inner organs such as liver, spleen, and so on.
20
In the European patent document EP 0 689 430 Bf1, superparamagnetic particles are
disclosed which are comprised of single-damain particles and stabilizer substances, wherein
the single-domain particles of iron oxide, mixed iron oxide or iron having a particle size in
the range between 3 and 20 nm are aggregated to stable, decomposable aggregates which
25 have a defined behavior in the magnetic field. The particle size of the aggregates is in the
range between 10 and 1000 nm. They have a mono-molecular layer on their surface which
is comprised of stabilizer substances of the group of: poly alkylene glycols, containing
phosphate, diphosphate, carboxylate, polyphosphate, thiophosphate, phosphonate,
thiophosphonate, sulfate, sulfonate, mercapto, silane triol, trialkoxy silane groups;
30 carbohydrates; or phosphate group-containing nucleotides, their oligomers or their polymers
which may have further bonding sites. Important in the case of the disclosed
superparamagnetic particles is that they first aggregate and, subsequently, the stabilizer
substances are bonded to the aggregate surface so that the properties of the aggregates
change. A possible field of use of the described superparamagnetic particles is the use as
35  acontrast agent for the nuclear spin diagnostics.



super paramagnetic particles is that they first aggregate and,

subsequently, the stabilizer substances are bonded to the aggregate
surface so that the properties of the aggregates change. A possible field
of use of the described superparamagnetic particles is the use as 35 a
contrast agent for the nuclear spin diagnostics. -2- In the European
patent application EP 0 248 549 A2, |liquid nagnetic conpositions are

di scl osed which contain a physiologicaply tolerated dispersion of finely
di spersed superparanagnetic particles in water and a sufficient anmount of
reactive stabilizer 5 substances for the stabilization and for the
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The employed contrast agents are administered orally, by infusion or injection. The
administered agent is distributed in the blood stream or is distributed by the blood circulation
20 within the body and accumulates in organs. For examining the gastro-intestinal tract, the

administration of the contrast agent is generally performed orally.

A targeted accumulation of the superparamagnetic particles, for example, in the bone, is not
possible with the agents known in the prior art.

25
Only when these particles are charged with specific tissue-bonding substances as targeting
aids, they are bonded organ-specifically and are particularly suitable for imaging purposes.
For the treatment and imaging of bones, bone rebuilding processes, and lesions as well as
30 bone metastases of different genesis, bisphosphonates are used because of their special

bonding capability on apatite, the inorganic main component of bone tissue. State of the art
in this connection is, for example, technetium-99 bone scintigraphy by means of suitable
“ bisphosphonates which are mostly parenterally administered/injected. For the treatment of
bone diseases, they are also administered orally.
35



"For the treatnent and i'magi ng of bones, bone rebuilding processes, and

| esions as well as 30 bone netastases of different genesis,

bi sphosphonat es are used because of their special bonding capability on
apatite, the inorganic main conponent of bone tissue. State of the art in
this connection is, for exanple, technetium 99 bone scintigraphy by neans
of suitable bisphosphonates which are nD§tIy parenterally
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priority date of any e clalLns. 15 One aspect of the present Invention
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~wherein the d'Sa@X%@tﬂgﬁzdﬁéoﬁtg%fﬁgtﬁﬁﬁs of radiation exposure, as they
c

“woul d occur by Fadl 6 e su ances or x-rays, are reduced and, if
possible, 10 entirely elininated.
One aspect of the present invention is to provide an auxiliary for the use in imaging

methods that can be enriched in a targeted way in the organ or body part to be
examined, wherein the disadvantages or side effects of radiation exposure, as they
would occur by radioactive substances or x-rays, are reduced and, if possible,

20 entirely eliminated.

One aspect of the present invention is therefore the use of stabilizer-free
superparamagnetic particles in combination with a tissue-specific substance,
selected from diphosphonic acids and their physiologically innocuous salts, as

25  auxiliaries in imaging methods for imaging of bony skeleton and lesions of bones.

The term auxiliaries in the context of the present invention means that the
superparamagnetic particles according to the invention are used as contrast agents
or for sensibilization of the physical parameters to be measured, such as nuclear
30 magnetic resonance. For example, the superparamagnetic particles can be
employed in x-ray methods as contrast agents, wherein advantage is taken of the
effect that the superparamagnetic particles absorb x-rays more weakly or more
strongly than the neighboring body tissues/bones so that the representation of the
body structures as an image is possible. In the case of nuclear magnetic resonance
| 35 methods, the superparamagnetic particles according to the invention can effect a

contrast enhancement in that they excite/sensibilize hydrogen bonds in their

environment, which leads to a stronger measured signal in nuclear magnetic



One aspect of the present invention is therefore the use of
stabilizer-free superparamagnetic particles in conbination with a

ti ssue-specific substance, selected from di phosphonic acids and their
physi ol ogi cally innocuous salts, as 25 auxiliaries in imging nethods for

i magi ng of bony skel eton and | esions of bones. The termauxiliaries in
the context of the present invention neans that the superparanagnetic
particles according to the invention are used as contrast agents or for
sensi bi li zation of the physical paraneters to be neasure s nucl ear
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t he representaimmapmanQBHWD@ﬁyp%tructures as an image is possible. In the
case of nucl magneti ¢ resonance 35 net hods, the superparanmagnetic
particles accordlng to the invention can effect a contrast enhancement in
t hat they exci tie/fstnsshjéd zettay drogenrapopadst phcertyest auxiipny fpoesse, inwhi ch
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met hods. A furt %Spect of the present invention is to provide contrast
agent for use in inmaging nethods, in particular, for use in nuclear

magnetic resongnce, gahe %EHS&Q:BM@Q{ al})@%g(rnaiﬂmfon@\wgg' e YexpradsidnRatrad,
cont ai ning superparamagnetic particles A further subJect matter is a
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cont ai ni ng st abigektzBEopylor OnYRehpaidamegyehagngoarti cl es. The contrast agent
or contrast auxiliary (in the follow ng, the expression contrast 10 agent
wi |l be used exclusively) is preferably used in nuclear nmagnetic resonance
spectroscopy or tonography and in x-ray imaging. -4- The enployed

super paramagnetic particles according to the invention serve in inmaging
processes as auxiliaries; preferably, they are used as contrast agents or
for contrast



enhancenment in nucl ear nagnetic resonance spectroscopy or tonography and
in x-ray 5 imaging. In one possible enbodi nent of the present invention,
in addition to the superparamagnetic particles, biological and

phar macol ogi cal active substances, such as chem cal substances, proteins,
i ncl udi ng anti bodi es, peptides, oligo nucleotides, are used additionally.
In this 10 enbodi nent, the active substances are transported together with
the superparamagnetic particles in a_jargeted way to the action site. At
the action site, the active substances react wth special biological
agents such as receptors, cells (macrophages), tissue (for exanple,

spl een) . The bond actively on such proteins or are actively taken up by
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20 The superpafamagnetic particles contained according to the invention are selected
preferably from the superparamagnetic substances suitable for the respective application,
such as metal oxides and/or metals, wherein &-Fe, O3, Fe;04, MnFe 0,4, NiFe,O4, CoFe,0,
and any mixtures thereof are especially preferred for in-vivo use because of their
physiological compatibility. Fe;O4 (magnetite) is particularly preferred. As suitable metals,

25 Fe, Co, Ni as well as their alloys, optionally also with other metals, can be named.

‘The superparamagnetic particles can be used without the stabilizers described in the prior

art, i.e., they are stabilizer-free. The term stabilizer-free means in the present invention that

the magnetic particles are charged with active substances, or enveloped by them, without

30 the addition of additives such as emulsifiers or surface coatings as described in the prior art.
Also, a treatment of particles charged with active substances is not required and preferably
precluded. In the most simple embodiment of the present invention, the system according

to the invention is comprised of magnetic particles and active substance.

35 When the superparamagnetic particles are used in combination with other substances, the



-5- latter are usually positioned partially on the surface of the magnetic
particles. This neans that the additional substances are applied directly
onto the surface of the particles. The particles can also be envel oped by
t he additional substances, which is the case, for exanple, when the

addi tional substances as a result of their structure, shape or size 5
surround the nmagnetic particles but are not directly applied to the
surface. An envelope is present, for_gxanple, when cells, cell cultures
or cell conponents are used as the additional substances, and the
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bon "™ bones, superparamagnetic particles are preferably used
30 in vvhere particle size of the superparamagnetic particles is between 10

and 20 NHhe aforementioned particle size is suitable for any form of administration. However, it was
found to be advantageous in connection with oral administration and in connection with slow

infusions when the particle size of the superparamagnetic particles is between 50 and 500

20 nm, in particular, between 200 and 500 nm. Orally administered contrast agents having a
particle size in this range are particularly suitable for imaging of the gastrointestinal tract and

other hollow organs such as, for example, the bladder, vagina, sinus cavities or cysts as

well as blood vessels and open wounds.

25 When the contrast agent according to the invention is to be administered by infusion or
injection, a particle size of the superparamagnetic particles between 1 and 200 nm, in

particular, between 1 and 50 nm, was found to be particularly suitable.

For imaging bones or changes on bones, superparamagnetic particles are preferably used
30 in where particle size of the superparamagnetic particles is between 10 and 20 nm.

The volume-weighted average crystallite size can be determined by x-ray diffraction
methods, in pérticular, by means of a Scherrer analysis. This method, for example, is
described in C.E. Krill, R. Birringer: AMeasuring average grain sizes in nanocrystalline
35 materials@, Phil. Mag. A 77, p. 621 (1998). According to this method, the volume-weighted



The vol une-wei ght ed average crystallite size can be determ ned by x-ray
diffraction nethods, in particular, by neans of a Schener analysis. This
nmet hod, for exanple, is described in CE Krill, R Birringer: AMeasuring
average grain sizes in nanocrystalline 35 materials@ Phil. Mag. A 77, p.
621 (1998). According to this nethod, the vol une-wei ghted -6- average
crystallite size D can be determned by the equation: D = K6/8 cos 6. 5
In this equation, a is the wavelength.g@f the enployed x-ray radiation, a
is the full width at half the height of the reflex on the diffraction

posi t i onavéragdiciyStalite GRB Y @ttbeetdrifhed®yMd dfidtidn: Whose exact val ue depends
on the crystal shape. This indeterm nate value of K can be avoided in

that the line widening is determned as an integral width a, wherein a, is
defined Das-we/adod@&ce area underneath the x-ray diffraction reflex divided
by its maximumintensity lo. 10 2e2 a; = 1/la I1(2e)d(2e) 2e, 15 In

this connection, the values 2e, and 2e2 are the m ni num and maxi num angl e
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groyps contained in the nolecules so that an especially excellent

enrichment of the contrast agent in the organ to be exanined takes 25
place. In a preferred em$odi nent, the superparamagnetic particles are used

i n conbi gati ogy Wi § fodd(2e)

2é,

15 In this connection, the values 2&, and 2¢, are the minimum and maximum angle position of
the Bragg reflex on the 2¢é axis. 1(2¢) is the measured intensity of the reflex as a function of
2¢. When employing this equation, the equation for determining the volume-weighted
average crystallites size D is as follows:

D =¢é/3, cos é.

20 |
It was found that the diphosphonic acids and their salts contained according to the invention
as a tissue-specific substance have the capability to bond in a targeted way to the structural
tissue because of the active molecule groups contained in the molecules so that an
especially excellent enrichment of the contrast agent in the organ to be examined takes

25 place.

In a preferred embodiment, the superparamagnetic particles are used in combination with a
tissue-specific substance, selected from diphosphonic acids and their physiologically
innocuous salts. The diphosphonic acids and their physiological innocuous salts are
30 characterized by their excellent bonding properties on body tissue, in particular, calcified
tissue (calcification) and with respect to bones. In addition to the bones/skeleton as a
positive target, the corresponding cavities are also represented, for example, bone marrow.
The combination of superparamagnetic particles and diphosphonic acid or its
physiologically innocuous salts is particularly advantageous for imaging bones, i.e., the

35 skeleton, and, in particular, of fine structures or rebuilding zones such as metastases. The



ti ssue-specific substance, selected from di phosphonic acids and their
physi ol ogically innocuous salts. The di phosphonic acids and their
physi ol ogi cal innocuous salts are 30 characterized by their excellent
bondi ng properties on body tissue, in particular, calcified tissue
(calcification) and with respect to bones. In addition to the
bones/ skel eton as a positive target, the corresponding cavities are al so
represented, for exanple, bone marrow. ., The conbination of
super paramagnetic particles anhd di phosphonic acid or its physiologically
i nnocuou S G bopes t he
35 skel et% (n)ﬁh\%!;é gfc ?ﬁ@p?tgpt'l&lcgﬁ%sxo‘@q%ﬁ\%]ﬁ%g‘g%r%u‘léQtﬁraecscu%f" lg%eﬁ‘un\ er?ak@&%e
such as eResst sighs asTmetastasesi; phodhorn ctheccasearnd &t sompbipatiool cgmnpading/
i Nnnocuous 4t I e ses,
ey Iu?\ P&%n‘%gg%iﬁgﬂaﬁfcfes d?nd oEﬁ%H!goﬂ'iJ'%alt)Z% %Jgg@%gga?rga%ﬁg%ﬁ%%ﬁ&gs
particl e?f%ﬁa"@ﬁes%@pﬁ%ﬁ&ovaéhedsf(@mr@l)change i mﬁexw mraggneBeaaupaof it es
are enri eieficehsimhaging fp?d’ﬂé\‘ﬁe& lRefiS dtielus®ndG Qfﬁ ' ? %s r?%nflf‘ d%ﬁve
Because of the 5 insufficient 1maging proper i ne st ures and
rebui | di r?ﬁ'”%ﬁ%'y by ype &f]tt?%hnat'%dioaﬁemd@els rggmlﬂw garap%youwha@éh@e is a
t echnet i YBBHAGPRNEYaldto FRILAES W thabbheEdrRitke When there is a suspicion
with regard to netastases in the bone structure. Gem nal di phosphonic
acids as well as gem nal bisphosponic carboxylic acids and their 10

physi ol o@epahd WighossimRuscidahs &eWafshgetnh@algﬂsrb% onf&ééryéqnd a¥igs %nCJi %{ﬂrd PBgHZ

be [')@rtl cgl arllqz "sm tabl e d| ﬁbp’ nic acids: PO3H2

wher ei n 20"3°FLNEARCIYS faﬂ aithyihepgenseal dermylac | wegg Mdmﬁottl‘? partigularty

car bon atsuitable diphashhadémadids: optional | y substituted by substituents such as
am no groups, NBnonoal kyl am no groups or N-di al kyl am no groups, wherein
the al kyl groups can contain | to 5 C atons and/or SH groups, or a
substituted or unsubstituted carboP@eti c or heterocyclic aryl/cycl oal kane

group, |

15 Ry - C-R;
I
PO;H,
wherein
20 Ry is COOH, a linear or branched alkyl group with 1 to 10 carbon atoms, which can be

optionally substituted by substituents such as amino groups, NBmonoalkylamino groups or
N-dialkylamino groups, wherein the alkyl groups can contain 1 to 5 C atoms and/or SH
groups, or a substituted or unsubstituted carbocyclic or heterocyclic aryl/cycloalkane group,
which can also form a condensed ring system with up to three rings, which can optionally

25 contain one or several hetero atoms, especially preferred are N atoms as hetero atoms, and
as substituents can contain branched or unbranched alky! groups with 1 to 6 C atoms, free
or mono-alkylated or di-alkylated amino groups with 1 to 6 C atoms, or halogen atoms; and
wherein R, is OH, COOH, a halogen atom, preferably CI, H or NH,.

"~ 30 Alkali metal salts, alkaline earth metal salts, ammonium salts and/or ethanolamine salts can
be mentioned as examples of suitable salts of the compounds of the formula I.

Such substances are suitable in particular for the treatment of osteoporotic diseases,
wherein the following compounds are particularly preferred.
35 1-methyl-1-hydroxy-1,1-diphosphonic acid (MDP)



whi ch can al so forma condensed ring systemwth up to three rings, which
can optionally 25 contain one or several hetero atons, especially
preferred are N atons as hetero atons, and as substituents can contain
branched or unbranched al kyl groups with 1 to 6 C atons, free or

nono- al kyl ated or di-al kylated am no groups with 1 to 6 C atons, or

hal ogen atons; and wherein R2 is OH COOH, a hal ogen atom preferably O,
Hor NH2. 30 Alkali netal salts, alkalgne earth netal salts, ammonium
salts and/or ethanol am ne sal'ts can be nmentioned as exanples of suitable
salts of 1t1kr§plmpmnmrmkmané-2t3%cérbdsmd@cud(Dﬂ]):h substances are suitable in

Fol | ot ng @sltbtiiBLonre B 8ipa5irs b raphrspogne 583 TBanadhicady” ' "°
1- et hyl 4+hytilyodyetﬂ)qne33,,11_-dudhq[slpbsmhamd (editminit E(CWEDF,&t I1 1-di p?oipﬂogo
ropane - en am no) - 1- r ox
Br ogane %rc@ofgg?e %‘gé 8?\%@%@8%5{1?5 g%irﬁé?%g'? ;ci 8) Y Y Y
1- hybdr oxﬁamwbhymxmrqvhos—ﬂ)heﬂwmsammb doitipamainoric add)d, HEDP)

di chl or OK%W@@?hgd ?)Q@EQEQ'?H%: sghc(n%dg?cl@%n (Rl gy °. 3-am no-1

- hydr oxyEr opane- osphoni ¢ acl ronic %m d) 4-amno-1
- hydr oxy B-awidine)1- wammlpmm t-dipbogbhoeit erid (risedenacicit)

2-(3- pyrh%f&ﬁ)phénﬁ%r%ﬁﬁﬁé‘%%&g% rﬂ;n hﬁmﬂ,gmoglc%gw (risedronic acid)

4-chl orophenyl” t hi o net oni ¢ acl | udroni ¢ aci d)
pyrim di Hmm'imﬂ;ﬂd?)@wth@@eﬂ dIPhéi;RiﬁD@@hldrﬁiQieth@mda@d)ol edronic acid) 10

CyCJOOhepEwlor@B?yﬂé?mH@Hé%ﬁé 1|1:-é1pﬁﬂsﬁﬂc9§@5l§?cﬂ(cﬁna§férﬁc 5& madroni ¢ aci d)

6- am no- % dr oxyhexane-1, 1 hosphoni c acid (neri ronl c acid)
3-(N, N-d r?ﬂ{'i‘ﬂ/i -Biraeranayiat-gip Bﬁ%l‘héc"i(r!ﬁf'éfoﬁ!‘?ﬁﬁhonl c acid (ol padronic
aci d)  33jyN- dﬂneihyhﬁﬁfd?'x MHytRRyEpahelt, du:ph&%ﬁ&% bé&id ?ﬁgbéﬂir&f@éc@d

2- pyrim gazol & 1- hydr oxyet I ph onic acid (mnodronic acid) 15
azacycl oR@pt et %WWPB Eﬂgl‘?mépi’f?f"ﬁ ag Pl as their physiol ogi cal

t ol er at e@-pgaidszoléHidydropletapbdni-dipluspheni@scid(riihsdrotic agi@ci fi ¢ substance can
be gppl i Sgc&aof?e%yané-lﬂ,é-aimoespmc acid

as well as their physiological tolerated salts.

The diphosphonic acids as a tissue-specific substance can be applied in any suitable way
onto the superparamagnetic particles or bonded thereto. Conventionally, the diphosphonic

20 acids are located on the surface of the superparamagnetic particles and/or, when they are
present as agglomerates, also in their cavities. The diphosphonic acids can also be bonded
to the particles by covalent and/or ionic bonds, optionally by means of spacer groups, or by
means of Van-der-Waal=s forces.

25 The contrast agent according to the invention contains superparamagnetic particles as well
as a tissue-specific substance, wherein the tissue-specific substance preferably is adsorbed
on the superparamagnetic particles. In one possible embodiment, the superparamagnetic
particles and the tissue-specific substances can be mixed together as solid materials.
However, it was found to be particularly advantageous when the tissue-specific substance is

30 already present when forming the magnetic particles, for example, when the
superparamagnetic particles are produced by a size-controlled precipitation in aqueous
medium by means of alkaline substances or by reduction of metal cations. As a result of the
large particle surfaces produced in situ, an optimal adsorption of the tissue-specific
substances on the surface of the particles by means of reactive groups such as OH, SH,

35 hydroxide, amino, carboxyl, ether, sulfo, phosphonic acid groups and so on. It is also



onto the superparamagnetic particles or bonded thereto. Conventionally,

t he di phosphonic 20 acids are |ocated on the surface of the

super paramagnetic particles and/or, when they are present as aggl onerates,
also in their cavities. The di phosphonic acids can al so be bonded to the
“particles by covalent and/or ionic bonds, optionally by neans of spacer
groups, or by neans of Van-der-Wal=s forces. 25 The contrast agent
according to the invention contains superparamagnetic particles as well

as a tissue-specific substance, wherein the tissue-specific substance

pr ef er ablpsssisle ats AppKd theO Misd s ARAIBINEIHsE L%{I}I |Gk Sth%I Prefifftated

possi bl e embodi ment, the superparamagnetic partl cl es an
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However , slubema&nfa@bléld: patides Rkt lic{iﬂ:‘ Phisk, HURALRORSES WABIhild @he tissue-
tissue- speC| i c substance is 30 ready present ‘when form ng the nagnetic

parti cl eSPeFiliG subp ?8ra\°7b??éﬁ”?‘?16"x“§ﬁper par anagnetic particles are produced
by assize-controll ed preC| pitation in aqueous nedium by nmeans of al kaline
substancqs or gﬁ& ducti,on ?Hf tal cations. As a result of the large
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t he ti ssspasgreniddutessiob®t wpcesesm)ec&njugnsba{ce@mm beesed| F exdnipé, athen the

Cuh b B ARG b B HAVE 8 Botat (o B BB oroife SHRER B piibies Bp aPapld)
wat er , cd)?ﬂé'h@nbﬁtyveﬁhéhq maguogrdic laﬁwtﬂsmnd thaEstiensubstances. Jhbg havecprefaratilyir e. 5
In one m@lobts@veeag,a% B Ohs EREAEE SERlenbOLENbD ARy o € aREhdy Fodidhsd anoes

can al so be so- cal pacer groups on e nmaghetirc particles.
Spacer s aﬂf%l’%hdﬂtpa@*rcg hi Whenpegtiepig|astivenaibstanaps are uged. gs@&rsr with two polar

i obi | | zpddpanswh &|R6h %‘érb@ﬂyh@aécﬁdsercﬁamﬁ'\@@rﬁétgmgh@lcarﬁgfé}ﬁi@racf&l %%@S do
not éepre ent a coatlggﬁge%b ers can be used, for ‘exanple, .when the 10

act i pEs figy oypd i R ptaBle- i oni ¢ groups. The spacer

nol ecul es can i nprove bondi ng between the nagnetic particles and the
active SLI'P %tfﬁrqﬁer possngI% em %\c/iuem rtesfo?r ?led ¥agglomerates of magnetic particles are used
which are comprised of agglomerates of nanoparticles, i.e., of crystallites having a particle
size of less than 100 nm. These agglomerates can be comprised of individual crystallites
20 which are either reversibly agglomerated at their contact surface or irreversibly
agglomerated by means of covalescence, i.e., by growing together past the boundary of the
grain. An advantage of agglomerates resides in that they have an outer as well as an inner
surface, i.e., have cavities, so that the tissue-specific substance can be bonded in the
interior and on the exterior. Agglomerates can be obtained, for example, in that the
25 magnetic particles are precipitated in the absence of an active substance, by drying or
freeze-drying of particles free of active substance or charged with tissue-specific substance
with subsequent re-dispersing, agglomerate formation, which can be controlled by the
conditions during synthesis such as temperature increase, adjustment of the pH value, high
electrolyte contents, or by a suitable after treatment of the precipitated particles at
30 temperatures above 100 degrees C.

The agents according to the invention are used as conventional pharmaceutical
administration forms, i.e., parenterally, intravenously, by inhalation, orally, instillation in body
cavities, even intraoperatively.

35



one or several polar groups. As exanples, reference can be had to the

al ready nentioned groups. In particular, when cationic active substances
are used, spacers with two polar groups such as am no carboxylic acids,
di am nes, betains, dicarboxylic acids, amno 15 phosphonates etc. have
been found to be suitable. In a further possible enbodi ment, so-called
aggl onerates of nagnetic particl es are used which are conprised of

aggl oner ates of nanoparticles, i. ﬁfe crystallites having a particle
size of less than 100 nm These aggl onerates can be conprised of

i ndi vidu t y
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precipitated in the absence of an active su tanc by drying or
freeze-drying of particles free of active substance or charged with
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formati on, which can be control the conditions during synthesis

such as CIIPesss A corganse é'éfsé’Od)édiaﬂstt?re‘?ﬁ examipad pRavieylarly, Sll‘ﬁaaﬁf imaging
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paql cles .at 30 .tenperatures above 100 degrees C. The agents according to
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forns, i.e., parenterally, intravenously, by inhalation, orall y,
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preferably co verte Into a suitabl e pharmaceutical conposition, wherein
particul arly suspensions, emnulsions, or |iposone systens are to be
mentioned. For the oral 5 adninistrati on, tablets or capsul es can be
mentioned additionally.



The contrast agent according to the invention is used for inproved inaging
in medical diagnostics of organs and body parts to be exam ned.
Particularly suitable imging nethods are MR tonography and ot her nucl ear
spin nethods for macroscopic and 10 mcroscopic imging. A further
subject matter of the present invention is accordingly the use of the
afore described contrast agent in nedical diagnostics, in particular, in
MR tonography for imaging the bony skgleton and |esions on bones. -11-
Exanple Preparative Exanples'5 1. In 40 g of deionized water, 6.48g FeCl3
were dissolved. Al so, 3.97g FeCl2 Cgi, was dissolved in a mxture of 8
m deionized water and 2 mM 37 % hy ric acid. The two mxtures were
conbi ned shortly before use of the solutions in the precipitation process.
2. 1n a peaderstive EQ4mPIks dei oni zed was stirred with 10 g NaOH and 0.2 ¢
1-nmethyl -1 10 hydroxy-1. 1-di phosphonic acid (MDP). After cooling, the
hydrochloric acid iron solution prepared in 1 was added with intense

agi tation, By wpgef @Elorﬁ’zemteaaé F@tg wérb%usis&(/é@(}usobb@ﬁ FQC@%Q'ﬁ@te was
sedi nrent ed and the sol uti on_above was

ecanted. Subse wat er was
added seV@raissplverio 3 giviie Oﬁr%?ﬁ' geieaizehwalgt and Blm'a?ﬂd%g'é’é&}‘fb')éﬂc Afidother to

remove s Rib@ites WES.coPbinee ahGHN: baforelise oBthMaBiuabis id @b preciiBkieh pres®. added.
After stirring for an 15 hour at 40 degrees C., the m xture was stirred

for 12 hours at roomtenperature. Portions that were not suspended were
separ at e@. by neanbeiaﬁengead PN d€ioni2sDwad sHY witte 10 lgukhORSdnal mﬂth)-mehm this

d ich.was, c ncen ratedto oi nt
of bt alrrﬁ%r}gx){ ﬁé dd)egf gaacs%quqb&@bggn@?gc’%t @ofing. Jthe yg QU%F?SPa'f s° EWD
Exanpl e Zramsedrl&pwse{ddMNtbnmensemgltem @y means of a magnetic field, the formed
1- met hyl 4| -p %1 hono
pr opane- E,ag_ é)?%:c r %i‘?/’ géoglﬂg 6 %Bk)clhe églluﬁlon ébdl %ﬁ %%pé"%?im %%NYNG THE:
| NVENTI owa_mwaAsdm_iml times tgde _leecwtt@tbd mateeual dndedecsulpd imerdemtageraovec
par ti cl eforign fREDS AL QMUY 0.5 gIMbP SRHA00 mi water were added. After stirring for an
15 hour at 40 degrees C., the mixture was stirred for 12 hours at room temperature. Portions
that were not suspended were separated by centrifugation (5,000-11,000
revolutions/minute). In this way, a magnetic liquid was obtained which was concentrated to

the point of obtaining the desired solids contents in a rotary evaporator.

20 3. Example 2 was repeated wherein, instead of 1-methyl-1-hydroxy-1,1-diphosphonic
acid, 1,1-diphosphono propane-2,3-dicarboxylic acid (DPD) was used.



speci fic substance, selected from di phosphonic acids and their
physiologically 5 innocuous salts, as auxiliaries in inmaging nethods, for
i mgi ng of bony skeleton and |esions of bones. 2. Use according to claim
1, wherein.the superparanmagnetic particles are used for contrast
enhancenment in nucl ear nmagnetic resonance spectroscopy or 10 tonography
and in x-ray imging. 3. Use according to claim1 or claim2, wherein
additionally biologically and pharnacolog%gally active substances, such
as proteins, including antibodies, pepti , oligo nucleotides, are used.
15 4. Use accorltHiengLAIdS &y INNE THfE NWENTION ARE AStFOLBOWSher ei n t he
super paramagnetic particles are selected fromnetal oxides and/or netals,
and any m xtures thereof. 20 5. Use according to claim4, wherein the
nmetal oxi des arle sEPeetEPIizPORSsUPPRERageORaNFFe P MRiNEiOYthGo ikseet  and
\:my m xt uL es ther e@;ieciﬁe.suw@ca,cw@drflgmi &ﬁ%ﬁh&ﬁkﬁa&is_ ér{@eth&!r arimm{coéscfaﬁy 5,500
“wherein the.superparamagnet.i c... ticles have article size o t’o
nm 25 7. e accof?‘aC?l('rr%g%]%ﬂtlt(s:’laasia?r’191 e epPnd Fﬁ@’ogﬁﬁ%ﬂrﬂ%%éﬂ@ﬁk@%m”
particles have a pulesieiseofbones. of 1 to 50 nm 8. Use according to claim
7, wherein the superparamagnetic particles have a 30 particle size of 10
to 20 nm 9. e according to any one of the clains 1 to 8 as contrast
agent for use fn P?Fa@qcﬁré’gﬁrt‘aﬁlégg?aé"{he?@ 1P SURSERSTRIIFE Y Ridfictes aemyped fer of
claims 1 to 9, whecatrastt kehabcghes phomuceacindgneid redohgice §@dctrSscafe or
sel ected frgm gem ggmoﬁrgh,gjg‘%%%mqug@%gs and/or their physiologically

| tot ner

i nnocuous salts accor e’'ge | formula I. -13-

3. Use according to claim 1 or claim 2, wherein additionally biologically and
pharmacologically active substances, such as proteins, including antibodies,
peptides, oligo nucleotides, are used.

15

4, Use according to any one of the claims 1 to 3, wherein the superparamagnetic

particles are selected from metal oxides and/or metals, and any mixtures

thereof.

20 6. Use according to claim 4, wherein the metal oxides are selected from a-
Fe;03,Fes0,,MnFe,04,NiFe,04,CoFe,0O4 and any mixtures thereof.

6. Use according to any one of the claims 1 to 5, wherein the superparamagnetic
particles have a particle size of 1 to 500 nm.

25
7. Use according to claim 6, wherein the superparamagnetic particles have a
particle size of 1 to 50 nm.
8. Use aécording to claim 7, wheréin the superparamagnetic particles have a
30 particle size of 10 to 20 nm.

9. Use according to any one of the claims 1 to 8 as contrast agent for use in

imaging processes.

35 10. Use according to any one of claims 1 to 9, wherein the diphosphonic acids and
their salts are selected from geminal diphosphonic acids and/or their

physiologically innocuous salts according to the general formula I.



PGBH2 | R - C- R2 5 POBH2 wherein R, is COOH, a |inear or branched
al kyl group with 1 to 10 carbon atons, which can be optionally
substituted by substituents such as am no groups, N 10 nonoal kyl am no
groups or N, N-di al kyl am no groups, wherein the al kyl groups can contain 1
to 5 C atons and/or SH groups, or a substituted or unsubstituted
carbocyclic or heterocyclic aryl/cycl oal kane group, which can also forma
condensed ring systemwith up to three rings, which can optionally contain
one or several hetero atons, and as subsBi-tuents can contain branched or .
15 unbranched al kyl groups with 1 to 6 C atons, free or nono-al kyl ated or
di - alkylated am no groups with 1 to 6 C atons, or hal ogen atons; and
wherein R2 is OH, COON, a hal ogen at drieHe or NH2. 11. Use according to
claim 10, wherein the hereroatons optipnally contained in the 20 ring
systemare N atons. 12. Use according to claim10 or claim1l, wherein R2
is . 13. Use according to any dite ofCct dfzms 1 to 9, wherein the
di phosphoni ¢ acids and 25 their physiglogically innocuous salts are
sel ected from 1-nethyl -|-hydrozy-1, 1- dkghosphonic acid (MDOP),
1, 1- di phosphonopr opane- 2, 3-di carboxyl i €%ldid (HPD), 3-(nethyl pentyl
am no) - 1- hydr oxy propane-1, 1-di phosphonic acid (ibandronic acid),
1- hydr oxyet hane- 1, 1- di phosphonic acid (editronic acid), dichloronethane
di phosphoni ¢ aci d Wt&r®droni ¢ acid), 3-amino-1 30 ,
hydr oxypropane- 1, Iz di-el@s BRALI G Bhehel RN SE@With PRI ) carttby 310w
hydroxybutane-l,1%%fphosp_onﬁcra6ﬁ% glengkgnlc'aéﬁg),(?[%§%g$gfgﬁﬁg)-l-
hydr oxyet hane- 1, 1528i PhOSpHGH CUBRIUPd Py selisldifint a¢dhdps aminhigmupphéhy |
thio 10 monoalkylamino groups or N,N-dialkylamino groups, wherein the alkyl groups
can contain 1 to 5 C atoms and/or SH groups, or a substituted or unsubstituted
carbocyclic or heterocyclic aryl/cycloalkane group, which can also form a
condensed ring system with up to three rings, which can optionally contain one
or several hetero atoms, and as substituents can contain branched or
15 unbranched alkyl groups with 1 to 6 C atoms, free or mono-alkylated or di-
alkylated amino groups with 1 to 6 C atoms, or halogen atoms; and wherein R,

is OH, COOH, a halogen atom, H or NH,.

11. Use according to claim 10, wherein the hereroatoms optionally contained in the

20 ring system are N atoms.

12. Use according to claim 10 or claim 11, wherein R; is CI.

13. Use according to any one of claims 1 to 9, wherein the diphosphonic acids and

25 their physiologically innocuous salts are selected from 1-methyl-1-hydrozy-1,1-
diphosphonic acid (MDP), 1,1-diphosphonopropane-2,3-dicarboxylic acid

(HPD), 3-(methyl pentyl amino)-1-hydroxy propane-1,1-diphosphonic acid
(ibandronic acid), 1-hydroxyethane-1,1-diphosphonic acid (editronic acid),
dichloromethane  diphosphonic  acid ' (clodronic  acid), 3-amino-1-

30 hydroxypropane-1,1-diphasphonic  acid (pamidronic acid), 4-amino-1-
hydroxybutane-1,1-diphosphonic acid (alendronic acid), 2-(3-pyridine)-1-
hydroxyethane-1,1-diphosphonic acid (risedronic acid), 4-chloropheny! thio
methane-1,1-diphosphonic acid (tiludronic acid), pyrimidinyl-1-hydroxyethane-
1,1-diphosphonic acid (zoledronic acid), cycioheptyl amino methane-1,1-



met hane- 1, 1- di phosphonic acid (tiludronic acid),

pyri m di nyl - 1- hydr oxyet hane- 1, 1-di phosphoni c acid (zol edronic acid),

cycl oheptyl ami no nethane-1,1 -14- di phosphonic acid (cimadronic acid),
~6-am no-1 -hydroxyhexane-1, 1- di phosphonic acid (neridronic acid),

3- (N, N—d|nethylanlno)-I-hydroxypropane- 1, 1- di phosphoni ¢ acid (ol padronic
acid), 3-pyrrol-I-hydroxypropane-1, 1- dlphosphonic aci d and/ or

2-pyri m dazol e-| - hydr oxyet hane- 1, 1- di phosphonic 5 acid (m nodronic acid).
14. Use according to any one of the clai-ms-1 to 9, wherein the enpl oyed

subisltancgs are ?dlrawogﬁr@h_@d @aﬂent&ﬁ&!{r&% |§Hd)th%%M§$ Yhy&?b’xyhé}@\ﬁﬁgwign s
orally, by insti avities i.ntr a e
according to any O OP'H@C@I &¥ onje ta‘ﬂg) 3 ?@FW f @O)sth%qe’%@&a%e
present as a suspensdipimgspeonid sach deipkdoonid | pod)o MB-psyStidydrokgprofdse 1,1-
according to any %og’ghoklgea&babrq@or ZLpgdr%Qa%d;e gg}%{ I&)@l& hgrlxéag %ﬁ)%b&%ﬁonlc 15 17.

Contrast agent for 'use in inmaging net use in
nucl ear neyneti c acEdBHRACBICEHELt r oscopy or tonography and |n X-ray
i magi ng, containing superparanagnetlc partlcles 20 18. Contrast agent

according to ¢ erejn_the supe ar anmagn art.i
sel ected from %t arqseoéﬁc rdéng ldFrc‘ff' et al tég cz'aaﬁrgs lJerreénsq}E'%grm@Oﬁ’ed 19.
Contrast agent accobslnegs tre adhméiiisteradpareiienaiy mtr@mo‘mpéy phzlalivagereltyi. by

particles are sel,,%gﬁa%gnfnrgggg,@,,vﬁ@gg@ml{rgggﬂanwywm Ni Fe204, CoFe2®4 and any
m xtures 25 thereof. 20. Contrast agent according to claim17

substantia“*y as hereinbefore described wth reference to any one of the
exanpl es. 30 135 Use according to any one of the claims 1 to 9, wherein the substances are

present as a suspension, emulsion and/or lipaosome system.

16. Use according to any one of the claims 1 to 10 in medical diagnostics.
15
17. Contrast agent for use in imaging methods, in particular, for use in nuclear
magnetic resonance spectroscopy or tomography and in x-ray imaging,

containing superparamagnetic particles.

20 ' 18. Contrast agent according to claim. 17, wherein the superparamagnetic particles
are selected from metal oxides and/or metals, and any mixtures thereof.

19. Contrast agent according to claim 17, wherein the superparamagnetic particles
are selected from a-Fe,03,FesO4,MnFe,04,NiFe,04,CoFe,0, and any mixtures
25 thereof.

20. Contrast agént according to claim 17 substantially as hereinbefore described

with reference to any one of the examples. -
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