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Stresemannal lee 6 D - 41460 Neuss Contrast Agent for Use in Imagl ng
Met hods 5 The present invention relates to the use of super
particles as auxiliaries in inmaging et hods as well as a co ammmgmm for
use in nedical di agnostlcs in particular, in imaging nethods bf’h
nmet hods am_n t onogr aphy) sci nt| y etc.
lo repres%ﬂfﬁ%ﬁ g?gbc?%gﬁgﬁgﬁearﬁhb gﬂ%gﬁ di agnostics for imging

nor phol ogi ﬂ,&'@ olic processes in the area of the skﬂum” m’

as welt as pat ogl cal changes in the area of the soft tis m W mm’
enpl oyi ng these nethods, the use of so-called contrast agents igygenerally
required. They effect in the body parts to be exam ned a sharp de |mtat|on
between heal thy tissue agshuagtAehO8i O intHafEMend® Contrast agents in MR
tonography are in the f T . 1or exanple,

super par amagnetic iron oxide particles. A review of such contrast agents is

provi ded i rrth:rreseﬁlaﬂv@iuon etsiBsl 1o thélose%?ls%pé’ré&%ma Mcfﬂaﬂkﬂs @k salkikdresat i on of
t he described contra a\?énts co ri ses essent 1 e i.nmagin {a i.nner
organs sucfmaging m9‘§f’ '%sp '@?a%?ﬁﬁ d39em ! °r2{§el"hmF E@PB??Q%%})%’?% " dbcunent
EP 0 689 430adiig methpds: par amagneti c particles are disclosed which are
conprised of single-domain particles and stabilizer substances, wherein the
singl e-domain particles of iron oxide, mxed iron oxide or iron having a
particl e silmeging metrods.afegexbopioesray3examinations MR temagrgphyy scietigraphysetabl e,
deconpesablgréQat %S&ﬁﬁt %cﬁ#&es’ﬁn Na¥dicat disghb&tRe BERANGIRY uﬁd?pﬁoib“gmﬂﬁgﬁ@t' C

field. The particle size of the aggregates is 1n the Tange between 10 and
1000 nm TiT8RLelE progessehip-thp prea of Kie skalgial systemstas We“salirﬂam?@g\ﬁﬂ'l Anges in
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si | ane tri celjmitatiombdtergn rmaltmsswwpm;hok@camhbuggﬁdr ates; or phosphate
group-gontai ning nucleotides, their oligoners or their polyners whi ch may
have further bonding sites. Inportant in the case of the disclosed

super par am&ghtast @opals tin MR domagraphutare fine thef fofrg tof seagnetifapartidend forsesg®luent | v,
the stabil |s§ﬁ=!rp§rﬁnh§ér%ﬂ§ﬁ§n MR panieed Atrévidwer s@ame&magt%gamg faw6videa it bat  the

feser bea: Sel Rodidomerio ity dneel viorpliatg ol U descibelihoPan soant for

t he nucl earcompiises @ssentialy thecimaging ofinndrordahe sdiahragfiesrnspbeheanid sampl | cati on EP O
248 549 A2, liquid magnetic conpositions are disclosed which contain a
physi 0 oglcally tol erated dispersion of finely dispersed superparanmagnetic
particl es ilm theaEuropeard pateatyddcumeeinEP dh68Hh 430181, superpyamagnalt |Hafticles sare

subst ances dfs@lbséchﬁu& #Blcbingritbl ONsitgladsin }f&‘ﬂd@@ﬁm GiadilizBoNB5aRceaf wibir@gnost i ¢

and pharna ol ogi % X active substapces he st abi r substances are
e cal |y W dRie P el PLERT GRS A 58 P ArIgh BrYES paPrbEIze Dy
phosphat e, tpEhasghbetaten Dand-20 bo s aggregated ps stabls edeeoinpepable aggegetes which
Egrnrre)g%a ﬁlldo'?ﬁ {aﬁﬁﬁﬁg(&‘hé&% thglrﬁag}letl{cr}'e%r% J%gp:%séliecé thela rérd(;é‘ta’es i ﬁ'ngthg'g of
scintigr apmsnge@)etweeaﬁg apd 18Q0 nm.i gheydiaye agnanganelé tﬁy@rrfm their surface which

intensity-py e&ﬁﬁﬁsbermlstébﬁaéreﬁfa%aéés%r e drbl® éfelpsrytmmndlgﬂ;tdblsb%mémn@f a
a-ray emttﬁr in a organ i s obtai ned.
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general |y eRardger me;ﬁbselbalfiew of Asé afrtgeaegéne&pm}patanwgnafc gaktRles is the use as
super par amaq:netl in the bone, is not possible with

t he agents ARV f?éﬁ]ﬁﬂugpargpp o agnB tics.



+ 25 'Only when these particles are charged with specific tissue-bonding

subst ances as targeting aids, they are bonded organ-specifically and are
particularly suitable for inmaging purposes. For the treatnent and i magi ng
of bones, bone rebuilding processes, and | esions as well as 3o bone
met ast ases of different genesis, bisphosphonates are used because of their
speci al bondi ng capability on apatite, tRBe inorganic main conponent of bone
tissue. State of the art in this connection is, for exanple, technetium 99
bone scintigraphy by neans of suitabl e bi sphosphonates which are nostly

parent er al | yn &RNMERbSAr Rt RbSbRh EF Y 2491849 A.@afdmmagrfeubaﬂmp@hu@aeeees,

th |50 _ad d orally. 35 1jt.
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accunul at es supefrdsurmnadmndacpaanc&paw water aamoadsmmdlentfamwnwofomatthe davilzet he
bonded ato t arget in turn, . can |oca

devel opgt hg:gf'bsé%\cﬁn PE/ tﬁe %f\'ggtéé‘s@g‘gf #oﬁgth?w}é ‘?ée?ﬂndg'ﬂpp aia(gf‘{))%', f‘lfﬁé iron
particl es apbarimasciegcaily adiveubstandesn&he Istabnbianrsutmahcematd cheninaliyebdndedh éo
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rheumat oi d i nfl amrati on processes bone deconposition or bone tunor events)
varies dependln% on the e;g oyed bi sphosphonate. The contrast agent can be
sel ect 81 acd8f dMRgNg .o 1kpnen andr beelie geneEly i 19 rerfaenech BY or'gY Sxembala 8kt t o
provi de ag aumidramw Byr mbae usfe suntugrﬁﬁt@l ng WRidﬂmdﬁs_ldrhﬁt lt\t/tmafsltﬂﬂﬁoﬁdi’rt‘darmhed in
a targete m ned..

i sadyant agleseneliEoCh? BeSive HinbuRa brd Sudb s BREN i 55Tk Fel Bt ur by
radi oact i ve Véhilbdbenomentipnally- emapleyedgoptrast digesl haverl disadvaptages bidesideeffeate] y
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use of stabi er-free superparamagneti c S as an auxiTiar

i magi nd® net Misd ormTafe radia nv%a&'riﬁﬁ afhrcesexhrb"t the lepgriesnt sidg effels 1f e@@ﬁi‘C‘“’e

i nvention ngakitancBat the superparamagnetic particles according to the

i nvention are used as contrast agents or for 20 sensibilization of the
physi cal parameters to be measured, such as nucl ear magnetic resonance. For
exanpl e, t h@he upenigyad cvatyast tagents aare | aindristerad drallye iy iofpsidn ian irjectmp. nEbdiods
as contrast aﬂﬁme?ed 342%?1{ ‘F'd@trﬁgt\éa rlttﬂg Globé stfe%ma&' i Iilst& P&e(? N 6\8%(0%9 @ﬁcufat(]
super par amagnet| ¢ particles absorb x-ray nore stron t han
t he nek@hbomithig the bgdyt andaceniyatae in @raawalfortelxemmé\grtbe gasteeriptgstingk traqhghfbody
structures gmidstrdfon dTBRLohPast ageht R!Rnerhly gehBrmtadsralgf nucl ear magnetic
resonance methods, the superparamagnetic particles according to the

i nvention can effect a contrast enhancenent in that they excite/sensibilize
hydr ogen bomdsrgeted tabaimulation bf tha seprparavhagnbtid geadittest for axabple igibe bomsa sunoéd
signal in ”§8§ﬁrﬁéwm9‘3 érﬁ kRANARED iOEjfods. 30 A further subject matter
is a contrast agent of T EAST AU ary for the use in imagi ng nethods,
contai B¥ng stabilizer- free super par amagnetic particles. The contrast agent
or contrast cmwﬂénaﬁése(dan.cfegeref afafgéwm spédifR temmlng%usgmceea& targeang Wil |
be used exclu5|ve referab I n_nucl ear j C resonance
spect r oscopd8rthes Sﬂ?ﬁﬁgm SRFI‘EI ?Pdraé‘ilpf"ﬂ‘&ﬂﬁrwﬁu'g%%f°' "REING PUBRSEPO2 22
481.1 - EUCRO European Contrast Research GrbH 8 Co KG -4 The enpl oyed
super par amagRef . GroBRfeht SAaf"ﬁwagﬁg%f g+&39 th?\'e trgl)efnlb HgZ Ea%éés%@s nd Yési dn? ab RALOY
processes as auxilrari as ‘contrast agents or
for coR®r astboemmatestanemel ¢lf|fpfmtc968%ﬁis r'mgh@Ph@ﬂal@s%ﬁalﬁ% beqadee phveh ppec

t omogr aphy  @BRbihdcapabifty oR aatRe] tHeOnorganic 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.
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I n ‘'one possi bl e enbodi nent of the present invention, in addition to the
super paramagneti c particles, biological and pharnmacol ogi cal active
substances, such as chenical substances, proteins, including antibodies,
pepti des) oligo nucleotides, are used additionally. In this 10 enbodi nent,
the active substances are transported together with the superparanagnetic
particles in a targeted way to the actiagsite. At the action site, the
active substances react with special biological agents such as receptors,

cel Ihs ( rrflcr Om%a%ﬁbsphbhetﬂé,uﬂ}i&ffbukrﬂmat@ wghin $rre: lflﬁi@)apati[@,%éc&@iﬁ$% agdtésven thelo 3
such proteins or, are i ve en u cel. r. tissue. e _sa ol ds
true al so f(r}?onﬁélﬂ‘? b%"qgamgremglsftfq%&’f‘{%‘?fgeff@dﬂ’%%r"hfué'b,cagrjoc?ﬁya?r{éavﬁgpt 15
systens wi t htheioactieityp dn thengisa of contrastragepisappiation, dhenigpri partickes saree trirsgontattd, t he
active subst ¢ orts t.he . [ par gneti ¢ .oarti.cl to
certain str u@?é?ﬂees[s@%a?‘hagh ﬁggﬁyg\t/!ﬁg%gﬁ‘let'mggﬁg gﬁ’és?‘%ls?}u rréao r(%ﬁfe?,gg #t%atgoéﬁt in
i magi ngSpr ocearswes(negatixs iraging).XTHei enjchinent dretbe apatitd obitbe Aealthiibohepand on theel

and nmakes t qar Gl oS ?a&m : {o?JTﬁ'@ébﬁ}%'t
particles co tagt?r?g eg‘g’é’gi’%‘:’mn% gé}eﬁ\éiofh%/ge ti'on aﬁ%‘gge'@g@% prefer a%F’? from
t he super parRipee§PRS: benesdrsempprition of ibore Bimor feyents) uariesedgpepding en Hjsmriewedon,
such as met alisghséphdRatdNhdEontrBitabsnt cBE Sdicciél dcRédirglyFe304, MiFe204,

Ni Fe204, CoFe204 and any m xtures thereof are especrally preferred for

i n-vivo use because of their physiol ogical conpatibility. Fe304 (magnetite)

i s par tiocul aTHeyprexenf iaventich hadtheriofecthb ObjeEtitap@yid@ an Bexiliaho for Mie e imiatagings

their alloys iponally als i.th.other netals, can be n a0 THE .

super par anag'}'neelﬁﬁ)is tﬁ%rcfap %Feegﬂ%gﬁd"bg tadgéelaé WY ngh? OfgaR of B ?ic!yl FI%:@ rb g eg%g'(':‘??'bed
in the pri orwharein the éjsadvamtagesamesida effgictsi deadiaﬁopeexpﬁm.tasrmeﬁwawd locous rbyf r ee
nmeans 1 n thera%é‘c’ii@é‘&u&s&\éé‘é},td&ﬂ%\}sh&’e r%cm%e&'%. .'ﬂ%bgsi %Eii}r‘éb%ﬁmiﬂé@d.(:har ged with
active substances, or envel oped by them w thout 30 the addition of
additives such as enmulsifiers or surface coatings as described in the prior
art. Al1$0, arHer eabjédt 'vhat®fr ofakHel plegentCimaedion i thBrefstd | 16 §debof atubRiSerifeenot
required and_prefer ablé{. prﬁ.cll uded. | 0 t he. mast  si {@ﬁe enbodi nent of the
present i nvelfPPBRPTPHRCS PATISIRS 8X AL PRTAT '? a9 TSI0%t i on i s conprised of

magnetic particles and active substance. 35 Wen the superparamagnetic

particles arf,u i i nat .an h a ot Lt Lyaf DE
102 22 ag1 1T E%@Qo%u'?%%egﬁ t@%nf?’é‘é’? %‘és@%r ?&%ﬁn%ﬁt&‘ o' JEF oL
are usual | y psiraiageenetspatticies [agcasding kreths invealion are userbasreriyast ageplarcrifef| es.
This megns t&atiblizBon & ithd $H@Aicas PREHRRFE o VeCmBRkddS Gush a8 ChuckaP agnétize

sur face of theggartlcles. he particles can al so _he env Iog{gdﬂ)@/ I he

addi ti onal SEBPAFRedOr iRl e piperpacamagnglic aartidet £an SRR ¥ t@Yonal
subst ances asethodsesd| torniastt lagents,s whereinuradyantdgepés dakeni e the seffecouinal thee
magneti c pargj r i t) poLie t he r epyvel ope
i's present, %"8?"2%33 f‘eetf,%_ &%’g‘ﬁéscé%@? )%:}e'ay? @{:ﬁet EVF gelgy o(Jr~r| rgéﬁél Ecoﬁﬁ' oﬂ{el‘rrl‘t g‘\éar e
used as the ReiEbeingnkady dighuastheness so il then eeprasgplationcofptiie thiogdy stsugiyres as an

posi ti qed limagéleisl PHEUIOr Of thBecsR! lof, nscRat ﬁqu};ﬁéﬁé efesBriane®! mefhBdonrRNt s,
or when the additi onal substgnces, as, & result o t?elr m)heéulg Si ze%t have
a structure BPCRIFMEINTHS RAAGER FFRURY I the fventiog AP ieBeda (anlPR £raFEeMEtat ed.
10 The superipahatnthgy ekcite/spasitiizel dyduwgent basdsoindthely dngirdrinent, nwhieit leads haae
general ly pr Ny I . referably of 1 - 50,
in particul aﬁ{oﬁé&?bﬁ%s@re@%’éﬁ%ﬂ %&%éﬁﬁﬂeﬂé{%ﬁgﬁggrﬁyg{igon t he indi vi dual
discrete crystallites are neant. It is also possible that agglonerates are

pr esentaoWhoSg fiHek sGhjéct Thatter isSa Rt agérilor | BniRRk busiktn?for tAO QY irpindiiRgand
15 below 1,000 nm The aforementioned particle size is suitable for any

form of adni MPEPISaEPNRINIng gfaRilizer-Treq suPGERRraMAgARIGRINGIES 3 dvant ageous i n
connection with oral adm nistration and in connection with slow infusions
when the parjcC ' f_th uper.par,a i [ i n.20 and
500 20 nm 1 Theceve s or bUfeBLARIBE @RS Rib A bigfvyon sBpheL 4G
contrast agehtt Yseldasclugively)piarnréfedably gised in nucledrsmagnetie regopansarspectidsaedyyor

sui tablgg f oronBEREbRLarafin k-RE i,g%_ﬁ,t]d_oi ntestinal tract and other hollow organs
such as, for exanpl'e, the bl adder, vagina) sinus cavities or cysts as well
as bl ood vessel s and open wounds. 25 Wien the contrast agent according to
the inventiop .8yb0bs AT RLSLELEL BY, OLUSLEN, Or (d N ection, a particle

si ze of the Superpararmagnetic particles between T and 200 nm in
particular, between 1 and 50 nm was found to be particularly suitable. For
i magi ng 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 vol unme-wei ghted average crystallite
size can be determ ned by x-ray diffraction nmethods, in particular, by
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-6 average crystallite size D can be determ ned by the equation: D = Kel a
cos e. 51n this equation, a is the wavel ength of the enployed x-ray
radiation, a is the full wdth at half the height of the reflex on the
dirfffraction position 2~. Kis a constant of the nmagnitude 1 whose exact
val ue depends on the crystal shape. This_.4ndeterm nate value of K can be
avoided in that the line widening is determ ned as an integral w dth a,
wherein a, is defined as a surtace area underneath the x-ray diffraction

fl di vided b [1o | 2~
e, 15 I'nt it SYRRISH FRRtPRAbAaaiR, Barhdes Sccarais” P dnvenlin Fonrs, ey
nmaxi mum angl pogeasses as;raumﬁanbk:e rBefegbly s m‘eyea(e ased las Detrastiagents (02 -or cantraste

measur ed i nt gash iyl it Fﬁclea?frJEaghe@csre@on#E pg{lrogéop or %}%@' @%gwm”ﬂréyhl >

equation) the equa |on e vol une- rage

crystal 5itesimaging. D is as follows: D = elat cos e. 20 It was found that the
di phosphoni c acids and their salts contained according to the invention as
a tissue-specific substance have the caPabl lity to bond in a targeted way
to the struclhfngrossitie gebediment b therpreseat invention 'ﬁﬁf’@%"l@“@ﬂ SpgPaEniagngtited in

t he nol ecul egaridiest BrlogeA aesanﬁsﬂniﬁcblwg.@m %@ﬂn)e%bstﬁﬁ‘tfebm% chémichigubftariceast
agent in the o an . to be exanined t
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phySI ol Ogl C | nnocuou ar ac erl ze elrr exce
bondi ng pr opwith mslabbiolgﬂm} agenis such gsifegrpiars, mllsaﬂnacmh@aeﬁ digsue;j (g5 ggample,

(cal cificatigienfiNfthey tdhd MR dukh l?)‘?dl&ﬁs of Qreaéllzméy aRer Gp B?@ells or tissue,

boneslskeleton as a positive target, the corresponding cavities are also
represent ed, tfeoFa’E%Qﬁ'ﬂF drue 3lsee °ﬁ1§F’|‘V8v§“b?"ﬁ%°ec€‘PFH?W§F1 Sqﬂg@f“e&ﬁ?fer%éﬁaa?ﬁ?&net ic
particl®ss ansysmwphwmphmspomgdaarvelgrsuq@hy&t:édrmgg Q@Itlluy dnmaamausmahﬁ\e is

particularly vant ageous faqr i bones Ie on,. and, in
particul ar, %@gﬁap%ee@%\s%r%taﬁ@ggn%ﬁﬂ Ffaaﬁ"ﬂ%?“?%%%%‘“’i ﬂc?i'%a' {ug{ as"eg‘ The
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the rebuil ding zones, such as netastases, so that, 1n the case of a
conbi nati on conpri sing superparanagnetic partlcles and di phosphoni c acid

(tsal t % , 20t Ihe ﬁuuo%ump@ramw-& Cpatitielsi Edrdfinedy ec@tmhg: hedthal ﬁl@erﬂiﬁﬁl aboyétléctva
structural cnhna ay | hage. cause |C|en i magi n
o opor t1 o5 oeRTRY B e SHeeBbeaonais ApuANES SRS or the BRMNS IR RG S| ve
sci nti gr aphysush as swetalfoxides amiéeri roetals, ovtporim d-ebQs, Fegll BinFe:Oc NiFe:0d Gale:Ohen
there is a syppis6) %xtmetshthgf%gfar ﬁjef tegpé%lgﬁé ﬁé%lfgr GV P UE ﬁatc?%%%t f Uf Sheir

Gem nal di phosphonl c acids Phos ponic ca ic acid

and their 109%'95’9'6?'6@@3!'9"5%’ |Fﬁ:Q;dm§9@e %ecilwt Bawwawmﬁe‘e@%eé\%\ﬁu'ﬁae'ﬁmta5|
were fasnd tpe, oo, REdswellds Midinalisys] baiohaly disb Wik RiHePinetal( tdhsbe w2 15 R, -

G R

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
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| PO3H2 wherein 20 R, is COCH, a linear or branched al kyl group with 1 to
10 carbon atons, which can be optionally substituted by substituents such
as am no groups, NBnonoal kyl am no groups or N-dial kyl ami no groups, wherein
the al kyl groups can contain 1 to 5 C atons andl or SH groups, or a
substituted or unsubstituted carbocyclic or heterocyclic aryUcycl oal kane
group, which can also forma condensed rgng systemwith up to three rings,
whi ch can optionally 25 contain one or several hetero atons, especially
preferred alaaed‘éranamy pssuttwé@ partuatycmssthe airthca of mhﬁégn‘etrzeﬁérsclesarmmmmsn

b hed d, al 6.C
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at ons; a_nd pmm@ parRalsp sheCehvelOPEH, byathh adddigienal a&ubstpnqeseﬁvblchbﬂi yheCeaseHfgr NHZ.
30 Al kal ' 6{Jles%vhteﬁ’tt'c lalaallhbr{ll? sty éérn:eg%tsaé ?s%ltto? thé}m ghaal[ote% asr%l or

et hanol am ne s can e nment | one ts o t he
conpourfds ofurtoyed thermagnatiq pawLéammcémf&lyap@edmtmtﬁuéacien Aeenveleps ir f or

the treat meprest, f&séx‘é‘ﬁiﬁﬁr\%én%eﬁé %:Slﬁé\ﬁ’tﬁﬁes‘ﬁff'é‘élIE‘dthpbnlﬂ,fhtéc £k 1uSYY R adaRRHAdS ar €
partlcularlgﬁgreferre 35 1-met hyl - 1- hydr oxy- 1, 1- di phosphoni c aci d

Lit TRL of tapgesp and ghe I"aQ"@BCP&ﬁ"E%Fr aff—ea?ﬁ'team r"hé'le intesiah et thechriy ﬁ?(“cO KG
_9_ 15 1-1 dihpgmawa@neelmmamis'z gawﬁ;rqaé E@dﬁ&dnh&ugﬁhﬁbgé msatdfmr;»ﬂ:edaant yl
am no) - 1L- [ 0OX ropane- | S Cl | . Danagroni c .ac

Ly oxyer Hem e ARRARE et B VEBPeineot ff bifeterd ppaeerasstaled

di chl otoonet hane di phosphonic acid (ct odronic acid) 5

3- ani no- 1- hy
o am no- 1. i SpUeRRRIReh: purteR 18P BB g e PR hAld Gondilif preterably
2-(3-pyri di a@ymsﬂe ﬁgzepbiy@ﬁ%n@. n_re%rthypﬂdspﬂbm partieula. ¢fr {050 5Py Whesrin i)

4-chl or opheﬂhssl cér{aka.oﬁema.n@sv.aual diécpéi@ tés afd thebht. UG aRb cpoagbld)ma:
roni c

pyri m di nyl droxyet hane- 1, 1- d| aci zol.e

By cl ohept y| SGEANGSHRR M HESe vhsP SROCRRGALOSN & 1T ch RaPU Ebde S ano ©

6- am n% 1- hpedowtpb@rane- 1, 1- dlphosphonlc acid (neridronic acid)

3- (N, N-di met hyl am no) - 1- hydr oxypr opane- 1, 1- di phosphoni ¢ acid (ol padronic
aci d) 3-pyrrol-1-hydroxypropane-1, 1-di phosphoni c acid andl or

2- pyri m daz dheaftremedlioned paiticla size jsisuitabié tos phy foro ohadrdinistiationd However.dlovas) 15

azacycl ohe pfoﬁﬂ@fc%e%ddérﬁ&%ﬁ@:hﬂ%ﬁne%%rﬂwlﬁrsorwd}nuﬁs?rah&?ér{d iR Qb'rﬁie@ﬁdﬂ%tﬁ 3low
tolerated salts. The Ic aclds as a tissue eci fic substance can

n
be applied Pfisions when W&&aé‘%"cﬂﬁt"&? ?‘fﬂ’é’pét?ﬂ@gﬁﬁf%ﬂ?ﬁt{ﬂ?ét'i" Betyasn P& ARdsOQg)
bondedeat her smpin ;ﬁamwentbemah 290 ahd60alhiph @rplyCitintinisiérea ebhtfasbagentsaieringd on

t he surface e et Ies and

present as gé)rt' ?e §'tﬁg g pgﬂmf"ﬁ@f galé?ﬁl rB%g'"gﬁ{g‘e)oqa\éﬁ%mﬁﬁt&ﬁyt{:acg%dds can
al so be bongTedr InqﬂowWGgaparsucrcasasformyxamiﬁalﬂmblaMedl\@glnaosims ¢avitielss or eystsi asnal |y
by means of wgaPACKHEcdVeSiRSandYpeR WoliRRNS Of Van-der - Waal =s forces. 25 The
contrast agent according to the I nvention contains superparanmagnetic
particles as well as a tissue-specific substance, wherein the

ti ssue2sspeciWhen thelberitrasiCayept acardiy 16 thé ime@atbhbiedo ®8 ddinisierpe by anfasidgoaet i ¢

particles. e.p |blee di ment. the nel I s and
the tissue- L['Begg%fl cgsu S n@ggﬁcaweﬂ)dramﬁgé'aﬁi Edi@ g 580l |"6P%(% gﬁl a
However, it pattieuldrchetwbend dnd S0am. wesifaund {o bechasiculagesuieblehen t he

ti ssue-specific substance is 30 already present when form ng the nmagnetic

particles, for exar‘rB when t he
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 particular, 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
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super paramagnetic particles are produced by a size-controlled precipitation
i n aqueous nedi um by neans of al kal i ne substances or by reduction of netal
rations. As a result of the large particle surtaces 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 hydroxi de) am no,
car boxyl, ether, sulfo, phosphonic acid groups and so on. It is also Lit
TRL of DE 102 22 481.1 - EUCRO European Contrast Research GrbH 8 Co KG

_0g_ possi bl svetageapitlalitd St O tasedetdipinel by tHeldagatwace subsequently onto the
preci pitated superparanmagnetic particles, for exanple, by suspension of the
un-coat ed (unnodified) superparamagnetic particles in a liquid phase,
preferably Dat&e/acwert ai ni ng the tissuespecific substance or a substance

m xture. 5 In one possible enbodi nent of the present invention, the active
substances can al so be bonded by so-call ed spacer groups on the magnetic
parti clses. I8hie ®nuatianecé ishbe wavelength of theleapioyed &myi radiatiam, éhis thedullwidth dtor

| mobi | i zat hfiin@heigRloPhu rétex 8R weAdifih&lo ﬁ’po%ﬁ Rid Q%or%ﬂf'\? Sft\?\ﬂmaﬁﬁﬁh@% do

not represent a coati ng. pacers can De use for

active subswigseexaiapbierispensdsaan e suystal shaneo This -m%ep‘y'atew@%gfa'éeﬁn be

nol ecul es Ca%ndem lﬂh’ﬂh@ﬁt@huﬂ&nrkﬁ&‘d@féﬂmh&ﬁaé@giﬂ@gmww 4, vHeRsin aﬂﬂ dbfifeqact i ve
subst ances. have prefer one or several polar nples
reference c&f ﬂ%‘aﬁsa'eea“?%e éé ‘i’f@'ﬁ?‘f%r{%f&xé’f"&ﬁﬂgy 'tgﬁ‘aﬂ&l‘?‘l"?}ﬁq%{)‘ - when
cationiopc active substances are used spacers with two pol ar groups such as
am no carboxylic acids, nes, bet ai ns, dicarboxylic acids, amno 15
phosphonat es etc. have bee Y ound to be suitable. In a further possible
enbodi nent ,asé déb | dd(2a)g{Pédner at es of nagnetic particles are used which are
conpri sed of aggl oner at gg of nanoparticles, i.e., of crystallites having a
particle size of less thah 100 nm These aggl onerates can be conprised of

i ndi vidual crystallites 20 which are either reversibly aggl onerated at

t hei r 1Gont aatthis Ybrind6dnOthe VAILEY B, Shd R¥, &1 ShedmMiniing Bndiaximamsangle posmon of

coval escenc I o er ast t ry, of t ra|n
advant age o égwpdﬁ%xﬁng‘se%??sdi@g)i'ﬁ © SH?Q W?f\t} ﬂﬁ (%/ﬂeépsg ungen ©fas an
i nner surf a&e, When. emplaying thisv equatisn, the etqbationtﬂoe defegsinieg She solime-weigbtedance
can be bondgg,d @c%ﬁlli&e@%ﬁ&'ﬂl&a?ﬂ) ! the exterior. Agglonerates can be
obt ai ned, for é’ inthat the 25 nagnetic particles are precipitated
in the abseREE/HICO8H- act i ve substance, by drying or freeze-drying of

parti clpes free of active substance or charged with tissue-specific

bst - di - Si , te f t _whi ch
e bl R BB ke S Ay SN A BB
i ncrease) aal atidsnespectic stltstanpéihanad the cagabiljty te beret in altyrgeted avay tonths straturély a

Sui L abl & a8 WBARITR G achICmBEEAL Rbtscthoilich! il B8 Aieclibs! SRR A" oo

above 100 degree nt's accor invention are used as
convent i ona‘PSPBﬁé!anﬁ‘éél?N %‘HIChfa@n’hOrﬁlt@ﬁ eentiasinadest Wsthelor qan, torher exarined takes

i ntravgnouspiyce. by inhalation, orally, instillation in body cavities, even
intraoperatively. 35 L~~ TRL of DE 102 22 481.1 - EUCRO European Contrast
Research GrbH 8 Co KG -10 The contrast agent according to the invention)
as nenti oneld agefeaed embodimerd,ihé supsrparanhdgpetidopariicldsiase oseddn compination with aFor
these for TB; sQI-e ﬂE'bﬁJbEtgﬁéeorEeletc 9 oAt &lﬁﬁéspﬁ&ﬁqtaciﬂﬁcﬂdd'tﬂeg {:I@' {olbﬁically

invention is prere converte into a su ar maceut
COMposi t | on'“"%@ll'seis?itspaIT be ighasahpnis agitsnand their mnpbgeaismmuoms satsone

systems ar ecHafachfizétehy lrlél?%leellgﬁlrbdnaiﬂ q;r@denés aﬁkmday Kssidt lirP Partiduip] &JidHiear
capsul es can be nti oned addition rast g&ent accor di ngato t he

i nvention %S H"sé‘g‘? JigationyApd, vl 'F?Pﬁﬁ'l ngq"ﬁs néﬁllaEQ'f'o'Hf% JRaneY/skelfion, a5 ans  and
body parts positibetapged, the eslrespiatdingadlitiésd ate slsbtrabé@nteﬂwgr axanipid, bosks marew.VR

tonography 30d L GhadBH CbP AupeihbniBGhdiedDaltRles TBRE O8BRMpRoR dad® or its

m croscopi ¢ | magi ng
physmloglcally 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
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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 skeleton and | esions on bones. Lit
TRL of DE 102 22 481 1 - EUCRO European Contrast Research GrbH 8 Co KG

-11 Examul e Preparative Exanples 5 1. In 40 g of deionized water, 6.48g
Fed 3 were dissolved. Also) 3.97g Fed 2, 4 H20 was dissolved in a m xture
of 8 mM deionized water and 2 m 37 % hydrochloric acid. The two m xtures

wer e conbi rtﬁﬂwosdﬂ%k' acidh@'ie meiolagucéupeinﬁ&hbﬁg A% éd&uhbl@tepi‘lelﬁé pemauh_@n
process. 2. Inab nized was stirre

D 50 G 5" metdP 15 gt BelpS RS, (P HBRpH B S5 € BPFMRIE) O ¢
hydr ochl or i superpardmagestic pattices and giphgspherde acid kamsnaﬂ@eqbamﬁabnetmpanmles

agi tation. 5’&/ eﬁ aﬁf {hhcstrfu{:tﬁrag)chén GHQF'PS ln%én,[ ki G <Bfat‘1§ Was

sedi nent ed an on o e was dec wat er
added §everlaﬁufﬁqmbmagmgmrmeﬂaecﬁfpatsmcmdemamcbnebmldmarzdneseaamw tamomtuer to

remove for el ghighiSby §$§%ﬁwﬁétium48&\§§)u9dw c@ﬂ@d%%ﬂ% olBlvRén WRFL s ded.

After stlrrlng or_an our at rees m xture was stirred for
12 hours atsuﬁ@%ﬁ'W@h@é?@t‘%ﬂ@‘asmﬁlﬂ&@oﬂﬁ&w%?e not suspended were
separated by centrifugation (5, 000- 11 000 revolutions/mnute). In this way,
a magnetic |iquid was obtained which was concentrated to the

[

obt ai ni ng t %%a@sq'ef@ap'soalcl %fédscﬁn\"%’hﬁ gpming! P'&'&FW%%B‘?’%‘ECO?C"PSZWGS"“&EXarrpl e

2 wgs 10epe gihgslolagieAg iitmocidust suitsl with dtfhe ryag&ryi floilmnliladr\gﬁt?(-fdun;ﬂ tdlmhoermmﬂd iy C

aci 1,1- roae23 I carboxylic aci DPD) was use Lit.

TRL of pE %@Q@%Qa@% n'c%f%RO Eur opean Contrast Research GrbH 8 Co KG
_12_ dains 1. Use of stabilizer-free superparamagnetic particles as

auxiliaries in imging nethods. 5 2. pdlsg according to claiml,

characterized in that the superparamagnetic particles are used for contrast

enhancement in nuclear magnetic resomance spectroscopy or tonography and in

X-ray #smagi ng. 3. Use according ro-aagm 1 or claim2, characterized in

that additionally biologically and 10 pharnmacol ogically active substances,

such as chem cal substances, proteins,
PO3H,

wherein

20 R, 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 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, 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 1.

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)
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I ncl udi ng anti bodi es, peptides, oligo nucleotides, are used. 4. Use
according to one of the clains 1 to 3, characterized in that the

super paramagnetic particles are selected fromnmetal oxides andl or netals,
in ~ 5 particular, from a-Fe203, Fe304, MFe204, N Fe204, CoFe204 and any
m xtures thereof. 5. Use according to one of the clains 1 to 4,
characterized in that the superparamagngtic particles have a partlcl e size
of i to 500 nm preferably, of 1 20 50) partlcul arly preferred of 10 - 20
nm 6. Use ﬁpg,gﬁ&bﬁ&ot&oggngggtd,mxgﬁﬁﬁ, 5 as contrast agent for use

I n i magi ng _processes Use accor to'claim6, characterized in that

t he super pari@giiyheantyt aminp} 1-bydsexyrepaped d "\'WOEHP?B!C@&FK@H“WQ'W%F

tlhssueI Speci- ﬁydﬁ‘oxﬁéiﬁﬁﬂealn‘p&ph h&fid &5 (feﬂi%hlﬁ'bélﬁ‘g-ﬂiﬂli)?l c ?CI ds7andht hei { g

physi ol ogi ¢ | NNOCUQUS ording to claim characteri ze

in that thé’a‘iﬁ‘}%%eé'ﬂﬂﬁ'cgrﬁpg‘ %fﬁ'PEfgaﬁtH@‘?qm'?a Its 30 are sel ected from geni nal

di phosphoni3samind-ds$ydrdipeopahd: @1 rdighbypshonic @gid ¢gdmiyrohioaciguous sal ts accordi ng

to the gen 481 EUCRO Eur opean

Cont r ast Rg'rs%g'PI():ﬁ h@?ﬁ%bgtab%q 1@'&&&)@%@8@&0@ 'cac'(é R2 5 1 PO3H2 wherein

R i s COOH,2-@-fyidiesirl-ydrasyedanilcl -aibhgsphanicagi (isedronic aaid)10 car bon at ons,

whi ch can ts such as am no
%&lcgﬁhgml MRS AbhYne Y 9% B{;ﬁng Péd %Mﬁﬁédé%&r‘dg

groups, NBnbnho am no yl'am no ups) wherein the al kyl

rou

groups can RY&miday 1'1¥de3(¥§ ‘Pbﬁ@h@ﬁmPWa@HZQleé@p@aC@} a substituted or
unsubgpi tut@sow@waﬁmsmemaﬁé1h&h;ﬂ{o@mlcla@.daewhbéﬁmIaesai kane group, which can
also form asccond nse %g V\%‘? qu to. three (@l ngs, which can
optional | y CYRPG ﬁ‘ygﬂ@'hﬁ’fa éw‘eﬁ"&ms niG i nefdonia acidds peci al |y preferred are
N at ons as 3@l -dinettiylanino)< riyd@gypsogane1] 1udipHosphoait acd(blpadrodic acid)hed or

unbranched }J%l ﬂ%‘?&@éro@é&eh‘ ?;*’@R?S@“%‘%Ea@“d’éfr ee or nono-al kyl ated or

di - al kyl at ed™am no or halogen atons; and R2 is
OH) COOH, é"%ﬂ‘dﬁ@é@le-&tfwﬂfpwﬂ@nwéb!@ho@hmlq asid (imRdrop® agid) Use accor di ng to

cl ai m4§, c@g@@bﬁgmg@@gg,pﬁmgwp@&@l phosphoni c acids and their
physi ol ogi Ca;NF?(GI nnocuous salts are selected from

1- et hyl - %§rey Py narehRisrted Ssd (voP)
1, 1- di phosphonopr opane- 2, 3-di car boxyl ic acid (HPD) 3(met hyl pentyl

' -1-h d
Thydr bxyet FiliinhoRBgRR RGeS a8 2 e ACHR AR st o BF ApPIRg Ao it Mane
di phosphonicmtqzﬁe supaipqrarnaghetihparticies ef)bonded thereto. Conventlonally. the diphosphonic

3- ani ng- 1- %ﬁewg&a&&aﬁmk ngQéeﬁ Q&féhfar éﬂ &10 sUHdfor g gﬂhney are

4- am no- 1- hydr oxybut ane-1 on| C acl roni c aci
2- (3pyri di ﬁ?&eﬂlwmt?ﬁaﬁ'éom t@'ﬂﬁﬂﬁ'&%pﬂ%ﬁrﬁ'@““&&“‘tﬁw@q@&a’r‘ 8l be Benday |
4- chl or ophasyie ;iahiclbs 5% tcbtent dndlordbridBeHB OdptienMg byl mehnd oftipacsr graups, dr by

pyrimdinyl -1- h Wane 1 di phosphoni c acid (zol edronic acid),
cycl ohept ylmélar?lsﬁ rees.
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
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30 di phosphonic acid (cimadronic acid),

6- am no- 1- hydr oxyhexane- 1, 1- di phosphoni ¢ acid (neridronic acid),

3- (N, N-di met hyl am no) - 1- hydr oxypr opane- 1, 1- di phosphoni ¢ acid (ol padronic

acid), 3-pyrrol-1-hydroxypropane-1, 1-di phosphonic acid and/ or

2pyri m dazol e- 1- hydr oxyet hane- 1, 1- di phosphonic acid (m nodronic acid). 35
10. Use according to one of the clains _{Zto 9, characterized in that the
enployed L~I. TRL of DE 102 22 48t.1 - EUCRO European Contrast Research

GrbH 8 Co. p|6§i‘s|b|e h4a EM)F&B@”&%% %&lﬁ@dﬁﬂﬂglaﬁé@r&% BRIt 8ht3! thé. precipitated
i nt ravenousl ation, orally, b%;hl nstil ion in body cavities, or

i ntraoper aﬁugﬂpvamﬂnehwémale&ofpa iemj"rf'% éusaﬁn%%ofciha.wweé duweod'f ed)
characteri :saderpﬂahbgﬁeu& hﬁrtﬁlébsﬁ ANGRAd Phased pPrERBIH twAlsr, QORHIAIAG A BBsue-

enul si on and/ ofr h?tosoms sg tl %gf Use according to one of the clains 1
to 11 in nmeRPAIGSubrlaRe L pistRstancg MXWe. 5ccording to one of the claims 1 to
11 forsimagi ng of bony skeleton and | esions 10 on bones. 14. Contrast agent
for use iny n t r y for use.in r efjc
Fesonance AbSBY PRSATE SR ed b BRL beSity Fvenill eSS tEnBR oAb

super par andgnéad ty srecalied spaser gfpeﬁsetnratbwleynwlem: paticlés: oBpacetsare émrtj@fsamm d/ or

netals, in r I I it 8Bizat 2 Iv2204)
CoFe204 an n°3'ﬁ*n'1$ H)? E‘E rvg{écht gruggé ) hgml!ﬁfhgf %gé""eg‘gé% 2%4{‘5'% ?fﬂereuh' e
Eur opean C@ﬁ?%gplm@§%gtp ROt r@fgqqnga g@atlp(g Spacers can be used, for example, when the

- AL. A@. A “acthe subdbied havk nop oﬁﬁ ﬁauﬁs ofionie Grobp& Gkl mivleBilék cahlimpldl€al ca] c

a] U oa C%Q@%‘ Séca%{k?ecm:lgne ic partic eJ andUtkC a]ctlvel‘ﬂu%s nce]scﬂley halle pr ergll gal cal

cal] cal] ca
I $B% () $* ’bhédbo?.e\ibra’l polér. grauwpsh s )éxamples, abfesnca barabe bdd todfiecaltdpdypineatjoned ca] ca]

8 a]zci] (I\:/l a]j C@% ypgﬁﬁ%%g%%?@%c dhisahedd gal L?s%hj.] %L&@Witﬁ%o polar

<==H=K=0=z 195puPs Yl ca§] emigpcedroaicc afids] darapes | belas aficabgxyls] aeidy. capiea] cal ca
] ca] cah)] ca] herRdtEPdtE. Havb&enlrelias bk s@tbrYl ca] ca
O=?¢ @dBB $SESETEWE] ERFF

| PI 7KI MOO OOOROVOPSX3YTYWY} xsni d_ZU] ] ca] ca] ca] ca] ca] ca] ca] cal] ca] cal] ca] ca]
caj ca] ca] cap eaﬂme]rmaksuaél]emwmb&tc er}-eal]ed aabgla]rﬁ&lésaéﬂ] magnetd paiicey ara!udéd Yt YYYY

6][ D\;ﬁ‘: ;} 1:5{7[«‘]02% %éﬁ:m\* fgéﬂl? ejl?glgf T%koﬁ%ricles +€., of crystallites having a particle

Ul c”a] ca] c&[Z]ecﬁzi]QsaLJ}atla]O@aWaIne;}emglpm]at@] eaa) eagomprised Hfdadividug) crastallites
cdc* depf g#GeHgig | |ﬂhﬂ|i Gb rél 19 ! qaq in dofth&t %aradd oM heddggy cal cal

cal] ca] ca] cal] ca] ca ca] ca] cal] ca] cal] ca] cal_lca] cajc
a] ca] ca] ca]aéaPE‘&‘ mewggh?m( ‘ie"FQh' B1v Y95°N"19d? ’?f?ﬂ@ﬂé’?ﬁ)!&”}‘ FEoMesnid 7
aU] c]a] c]a] c]eﬂram] R heahtaé ePddgion] e@aﬂéﬂ maahesahanahctm]yaa]/@a& 6ﬂkﬁﬁxﬂlétl€ﬂsca(ﬁ]lm&kﬂ cal ca
ca] ca] cal ¢ a ca VAl #10% | 4| &

L$10%)4048?‘u?%' ]‘E&BUQE&& H’{e % ag%/&ssﬁ?'SP ""L i‘t?g))a f“j‘*— bgé’mfgéﬂ hthe
104- * #10%)-ideror-arth on #m)wtp@r( )Agglbmé#ale@%qn b&' qblainetly Tor1@Gplel &n (that e " #10%

| | & @)- %miﬁ]ﬂg% bﬁ‘tl&lés' ard 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
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dE 104- " #1° S#H109%&' ()-!"SH10%&R' ()-!X LSHIOWNVE ()- !LSHI0%QQE ()- 109%&' () -

104- 104-/saBE 104- S)10%&' () -,

1098 ()- @ $- 109%&' ()- @ 10%&' ()-! @10% ()-, GLO%&' ()-q}~SH=04- 10 10

10S: 310%&' ()-3" S/ #10%&' ()-! S/ #109%& ()-!S/ #10%& () -, *
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partlcu arly suspensnons emulsnons or liposome systems are to be mentioned. For the oral
5 administration, tablets or capsules can be mentioned additionally.

The contrast agent according to the invention is used for improved imaging in medical
diagnostics of organs and body parts to be examined. Particularly suitable imaging
methods are MR tomography and other nuclear spin methods for macroscopic and

10 microscopic imaging.
A further subject matter of the present invention is accordingly the use of the afore

described contrast agent in medical diagnostics, in particular, in MR tomography for imaging
the bony skeleton and lesions on bones.
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Preparative Examples

5 1. In 40 g of deionized water, 6.48g FeCl; were dissolved. Also, 3.97g FeCl, C 4 H,0
was dissolved in a mixture of 8 ml! deionized water and 2 m! 37 % hydrochloric acid. The
two mixtures were combined shortly before use of the solutions in the precipitation process.

2. In a beaker, 400 ml deionized was stirred with 10 g NaOH and 0.2 g 1-methyi-1-
10 hydroxy-1,1-diphosphonic acid (MDP). After cooling, the hydrochloric acid iron solution
prepared in 1 was added with intense agitation. By means of a magnetic field, the formed
black precipitate was sedimented and the solution above was decanted. Subsequently,
water was added several times to the precipitated material and decanted in order to remove
foreign ions. Subsequently, 0.5 g MDP and 100 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.
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Claims
1. Use of stabilizer-free superparamagnetic particles as auxiliaries in imaging methods.
5 2. Use according to claim 1, characterized in that the superparamagnetic particles are

used for contrast enhancement in nuclear magnetic resonance spectroscopy or

tomography and in x-ray imaging.

3. Use according to claim 1 or claim 2, characterized in that additionally biologically and
10 pharmacologically active substances, such as chemical substances, proteins,

including antibodies, peptides, oligo nucleotides, are used.

4, Use according to one of the claims 1 to 3, characterized in that the
superparamagnetic particles are selected from metal oxides and/or metals, in

15 particular, from &-Fe;0,, Fe;04; MnFe,O, NiFe,0, CoFe,O; and any mixtures
thereof.
5. Use according to one of the claims 1 to 4, characterized in that the

superparamagnetic particles have a particle size of 1 to 500 nm, preferably, of 1 -

20 50, particularly preferred of 10 - 20 nm.
6. Use according to one of the claims 1 to § as contrast agent for use in imaging
processes.
25 7. Use according to claim 6, characterized in that the superparamagnetic particles are

used in combination with a tissue-specific substance, selected from diphosphonic
acids and their physiologically innocuous salts.

8. Use according to claim 7, characterized in that the diphosphonic acids and their salts

30 are selected from geminal diphosphonic acids and/or their physiologically innocuous
salts according to the general formula |
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wherein

R, is COOH, a linear or branched alky! group with 1 to 10 carbon atoms, which can
10 be optionally substituted by substituents such as amino groups, NBmonoalkylamino

groups or N-diatkylamino 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,
15 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

R, is OH, COOH, a halogen atom, preferably Cl, H or NH,.

20 9. Use according to claim 8, characterized in that the diphosphonic acids and their
physiologically innocuous salts are selected from 1-methyl-1-hydroxy-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

25 acid (clodronic acid), 3-amino-1-hydroxypropane-1,1-diphosphonic 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-chlorophenyl
thio methane-1,1-diphosphonic acid (tiludronic acid), pyrimidinyl-1-hydroxyethane-
1,1-diphosphonic acid (zoledronic acid), cycloheptyl amino methane-1,1-

30 diphosphonic acid (cimadronic acid), 6-amino-1-hydroxyhexane-1,1-diphosphonic
acid (neridronic acid), 3-(N,N-dimethylamino)-1-hydroxypropane-1,1-diphosphonic
acid (olpadronic acid), 3-pyrrol-1-hydroxypropane-1,1-diphosphonic acid and/or 2-
pyrimidazole-1-hydroxyethane-1, 1-diphosphonic acid (minodronic acid).

35 10. Use according to one of the claims 1 to 9, characterized in that the employed
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12.  Use according to one of the claims 1 to 11 in medical diagnostics.

13. Use according to one of the claims 1 to 11 for imaging of bony skeleton and lesions
10 on bones.

14.  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, preferably selected from metal oxides and/or metals, in

15 particular, selected from &-Fe,O; Fe;0; MnFe,0,4 NiFeO,, CoFeO; and any

mixtures thereof.
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