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Summary of the Invention

The present invention provides an in vivo

method of decreasing the NMR relaxation times of water

15 protons in contact with a biological tissue. The method
involves administering to a human patient an NMR
contrast agent containing a paramagnetic metal ion
complexed with a chelating substance, the contrast agent
being characterized in that it is capable of binding

20 non-covalently and non-immunologically to a component of
the tissue, and as a result of such binding is capable
of enhancing the relaxivity (i.e., decreasing the NMR
relaxation times Tl or Tz) of the water protons by a
factor of at least 2, compared to the relaxivity induced

25 in such water protons by the paramagnetic substance
alone free in solution; and subjecting the patient to
NMR imaging.

Preferably, the contrast agent has a specific

affinity for the biological tissue in which binding

30 occurs. (As used herein, "specific affinity" means
capable of being taken up by, retained by, or bound to a
particular tissue or tissue component to a substantially

greater degree than other tissue or tissue components;



o),

30 occurs. (As used herein, "specific affinity” nmeans capable of being
taken up by, retained by, or bound to a particular tissue or tissue
conponent to a substantially greater degree than other tissue or tissue

_ conponents; 2 agents which have this property are said to be "targeted"

to the "target" tissue or conponent.) _The_conponents to which the agents
of the invention bind are generally particular chemcal 5 classes, e.g.,
proteins, lipids, or polysaccharides. It has been found that the tight
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hepat ocyt es nmake up the bul k of . , .
time of the electron-nuclear interaction, as described

in Lauffer et al. (1985) Magn. Res. Imaging 3, 1ll.
In the agents of the invention, the toxic
15 paramagnetic ion (e.g., gadolinium) is strongly
complexed by a chelating agent to reduce toxicity; it
has been found that such agents are effective in

reducing T, and T, (discussed below), despite the

relativelyllower iccessibility of the paramagnetic ion
20 to the surrounding water protons.

Examples of classes of chelating substances of
the invention are porphyrins, cryptate compounds, and
bis, tris, or tetra-catechol compounds.

The contrast agents of the invention which bind

25 tightly to proteins are also taken up specifically by
human hepatocytes, compared to human reticuloendothelial
cells, and, because hepatocytes make up the bulk of the
liver, pr&vide superior NMR imaging of the liver. The
agents thus allow visualization of hepatocarcinoma or

30 metastatic tumors of the liver, whose cells take up the
agents at a different rate, or retain the agent for a
different length of time, than normally functioning
hepatocytes. The invention also allows the use of NMR



liver, provide superior NVR imaging of the liver. The agents thus allow
vi sual i zati on of hepatocarcinoma or 30 netastatic tunors of the |iver
whose cells take up the agents at a different rate, or retain the agent
for a different length of time, than normally functioning hepatocytes.
The invention also allows the use of NMR.4 3 imaging to nonitor |iver
function, as manifested by uptake or fefefition rates of the contrast
agents of the invention. Oher features and advantages of the invention 5
will be apparent fromthe faqllow.ng description of the_preferred
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proteins, e.g., intragellular r i_n f. hepatocytes. The preferred
NMR contrast agents of 't é?gaeﬁvénbggﬁ%%8§§e§§ éﬁﬁuﬁ85§ngfoﬁh§§?cal/chenicaI

properties, diefeusded Bellew,.- related to their utility in diagnostic
applications.properties of Contrast Agents

Many agents of the invention will have utility
in a wide range of applications, because the chemical
requirements for tight binding to many components are
the same, and also because in some instances the same

15 properties which induce tight binding also influence
tissue specificity. For example, the properties of
agents which cause selective uptake by hepatocytes
compared to reticuloendothelial cells also cause tight
binding of the agents to proteins, e.g., intracellular

20 proteins of hepatocytes.

The preferred NMR contrast agents of the
invention possess a number of physical/chemical
properties, discussed below, related to their utility in
diagnostic applications.

25 In order for agents which are targeted to
provide the NMR contrast needed for imaging, they must
alter the proton NMR relaxation time in the target
component. Thus the agents must have properties which
cause them to selectively be taken up by or bound to the

30 target. This is achieved either by means of a higher
rate of uptake of the contrast agent by the target, or
by a different retention profile between target and
non-target tissues. NMR contrast is achieved by the



25 In order for agents which are targeted to provide the NVR contrast
needed for inmaging, they nust alter the proton NVR relaxation tine in the
target conponent. Thus the agents nust have properties which cause them
to selectively be taken up by or bound to the 30 target. This is achieved
ei ther by neans of a higher rate of uptgke of the contrast agent by the
target, or by a different retention profile between target and non-target
ti ssues. NWVR contrast is achieved by the 4 altering, by the paranagnetic
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This 20 bi ndi qw dgp, sel etq;tl ee]r&@a cenment. %ft ravascul ar _structures
or patterns O{’]% I mages, ermt % agnosfgs SF %9088}: I;'gi']% Barrl er
di sruptions dgﬁgéasuch as hepatocytes, 1t 1s generally the cells,
and not the intracellular proteins themselves, to which
the agents are targeted as a result of the properties of
15 the agents, which properties in turn cause tight binding
to the intracellular proteins of those cells.

Agents which have protein-binding properties
can bind not only to intracellular proteins but also to
serum proteins such as human serum albumin (HSA). This

20 binding provides selective enhancement of intravascular
structures or patterns on NMR images, permitting
diagnosis of blood/brain barrier disruptions caused,
e.g., by strokes and brain tumors, and also permitting
flow imaging of the blood. For example, some agents can

25 bind to both HSA and ligandin in vivo, and thus
represent dual intravascular-hepatobiliary agents.

Another important protein which is bound
tightly by the protein-binding agents is the immature,
poorly cross-linked collagen present in tumors. This

30 collagen can be bound tightly by NMR contrast agents

which comprise a paramagnetic metal ion complexed with a



~e.g., by strokes and brain tunors, and also permtting flow inmaging of the
bl ood. For exanple, sone agents can 25 bind to both HSA and ligandin in
vivo, and thus represent dual intravascul ar-hepatobiliary agents. Another
important protein which is bound tightly by the protein-binding agents is
the i mmature, poorly cross-linked collaggn_present in tunors. This 30
col | agen can be bound tightly by NMR contrast agents which conprise a
paramagnetic nmetal ion conplexed with a 5 porphyrin. Wen these proteins

are bound, thpoageptinserwesnt figesltiabr 5104 B5s ofr d WRING 2r@ed i 4% ANd

rel axivity enhancenent.  Pr teig bi ngi ng i s provided for_ by the 5
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|'i pophilicity enhance i nding of the contrast agents to the protein. 15
Li pophilicity is pr ovi%@gﬁfb‘%&g’%&ew structure, the presence of at
| east one aryl group (Rimfing Sulstdrtateat] winin wesbstict woad rpieny! ring),
i pop | ot ty o1 o P A SRR el s e 56 B58R0 6t carry
excessi véOchai@feains e thefcemsoial egerd i ngrseatoer- colvan et 1t tphyakol ogi cal
pH. Li pophi | pedde/in StHdULSSAG ide d a8 Ofinteractions between the
hydrophobic domains, thus enhancing binding.
Where the target is a protein, lipophilicity
enhances binding of the contrast agents to the protein.
15 Lipophilicity is provided by a non-polar structure, the
presence of at least one aryl group (e.g., a substituted
or unsubstituted phenyl ring), at least one halogen
atom, and/or hydrophobic alkyl groups. For
lipophilicity, it is also desirable that the contrast
20 agent not carry excessive charge, i.e., of absolute
value greater than 4, at physiological pH.
Lipophilicity is expressed in terms of
octanol:water coefficient, determined by introducing a
small amount ( 0.1 mM) of the radiolabeled contrast
25 agent into equal volumes of octanol and Tris buffer (50
mM, pH 7.4). The coefficient of the agents of the
invention is preferably at least 0.005, and more
preferably at least 0.01l.
Another index related to lipophilicity is that
30 of protein-binding. Binding capacity can be expressed
as the percentage of the agent bound to 4.5% human serum
albumin (HSA) at a concentration of 0.2 mM of the agent,

as determined by equilibrium dialysis. For



octanol :water coefficient, determ ned by introducing a srmall amunt ( 0.1
mV) of the radiol abel ed contrast 25 agent into equal volunmes of octanol
and Tris buffer (50 MM pH 7.4). The coefficient of the agents of the
invention is preferably at |east 0.005, and nore preferably at |east 0.01.
Anot her index related to lipophilicity is that 30 of protein-binding.
Bi ndi ng capacity can be expressed as th& percentage of the agent bound to
4.5% human serum al bumn (HSA) at a concentration of 0.2 mM of the agent,
as determned by equilibriumdialysis. For 6 protein-targeted agents,
preferably atPfetsinisasgatrid agemtdr eferfdablat dtedstasBO%S%0f dre agent,
binds 10 HSA moELegtapstabiy dOteiacl I9ye, BAAND Jh de JiHd el Ligl eased
if 5 electrostatic interactions between the contrast agent and protéin are
possi bl e. Thus, if theE £ N LAt ¥20% positively charged binding
sites (e.g., human sesimd phdumn)bOredifeide Hateided 5 known to have the
hi ghest affi nj for anionic ligands (e.q., albumn, 10 ligandin or Protein
A), then the %Jt'e At gt oh ]t%tee‘gad:rekh’tonssf?%tﬁw(f% tﬁ]eegé'rtoi”\Fé,asgr éP&R&bly -1 to
-4. A so, direed pedecin ostatpass ittley actThors, viifi hheosirtoitedlny ichanged
resi dues may Aot ed; d f AN - i I egat i char ged
i S dv e boxﬁd;?é)@%fi oL (Scﬂrzl]glw1
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groups (e.g., sulfonate or 15 °car that are not I'nated to the
netal ion irc¥0fUtd Pmi: @hath V1S, PEFteife U5 ffdiowg $iot 8¢var §hknown  to
have ani oni ¢ ichereact erf f irhiecyagent ashowid havenaver@l.y. ,pasbuinyg,charge. 20

NbleCU|aﬁ0VElp{gandin or Protein A), then the net charge on the agent

should be negative, preferably -1 to -4. Also, direct
electrostatic interactions with positively charged
residues may be promoted if the agent has additional
negatively charged groups (e.g., sulfonate or

15 carboxylate) that are not coordinated to the metal ion
in solution.

Alternatively, if the binding sites are known
to have anionic character, the agent should have overall
positive charge.

20 Molecular Weight

The agents preferably have a molecular weight
of at least 250, and more preferably over 300.
Solubility
To facilitate administration and uptake, the
25 agents should have good water solubility, and preferably
should be soluble to a concentration of at least 1.0 mM
in normal saline at 20°C.
Relaxivity
The contrast agents of the invention must, as
30 mentioned above, lower either Tl or T2 or both. The
ability to achieve this is referred to as "relaxivity."

Relaxivity is optimal where the paramagnetic
ion, when bound to the chelating ligand, still has one



The agents preferably have a nol ecul ar weight of at |east 250, and nore

" preferably over 300. Solubility To facilitate adm nistration and upt ake,
the 25 agents should have good water solubility, and preferably should be
soluble to a concentration of at least 1.0 mm in normal saline at 20C

Rel axivity The contrast agents of the_igvention nust, as 30 nentioned
above, | ower elther T1 or T2 or both. Thé ability to achleve this is
referred to as "relaxivity." Relaxivity is optinmal where the paranagnetic

ion, when bouggd xﬁ&cépr&meé@éwgnseﬂ?mds ééé'é .{1%@}6“& mg,fsrmfe open

coordlnatlon sites for water exchange. Genera one or t uch sites
are preferred®®R¢heelY t RN HrEs et %ﬂfcﬁm’fr’e‘ietshaéﬁet B i el it G niae gener al
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However, zero open co natl on sites e satisfactory, though not

preferable, si ncece% ordt ha ttloo’?fcs"ptﬁ'e?)é' ekt @rasr‘?oloeﬁcﬁln& m&rélstil |
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expressed in upid sb@fsa@-ps&cltm Ltkﬁfuq@ﬂw e e/ Bh 19, lS/l-l[x%eper m agent,

as neasured in saline at Mz." ‘Prefe agents have an in vitro
rel axivity ofS%Ctor}%anqoroi@asmfn rﬁﬂhfferm’raéeﬁr é‘Péﬁ&Hll§5a?flee§§tlli 0 s-1

M 1. Rel axi vidyaxan aﬁtlcﬁ(blbﬁilrf%a%mﬁdudel%eWtVQSf @r itthe pokaibilgsue conponent
of interest. In vivo relaxivity i ssed in units of s-1 (muol/gram of

s
tissue) L repr esentl n%’—t—#et—r&ér?g@’ﬁlﬂlf/YTfSorexIpF“?ﬁsﬁﬂo&@ PRAFS ot

;, or change in l/T or l/T2 per mM
agent, as measured in sallne at 20 MHz. Preferably the

agents have an in vitro relaxivity of at least 0.5 s71

mM-l, more preferably at least 1.0 s mm~L,
Relaxivity can also be measured in vivo for the
15 tissue component of interest. In vivo relaxivity is
expressed in units of s-l (mmol/gram of tissue)-l,
representing the change in l/Tl or l/T2 above that
of saline-injected controls caused by the agents,
divided by the concentration of the agent (in
20 mmol/gram of tissue). Tissue concentration is
measured using agents made with radiolabeled
paramagnetic ions. Preferably, the in vivo relaxivity
of the agents in liver tissue is at leaz: 1.0 s-l
(mmol/g)-l. The agents should bind sufficiently
25 tightly to enhance relaxivity by a factor of at least
2. This increased relaxivity will allow for lower doses
of the contrast agents and thus a higher margin of
safety in their use.
To maximize the degree of relaxivity
30 enhancement, it is desirable to maximize the rigidity of
the binding interaction. Preferably, this is achieved
by providing the contrast agent with at least one aryl
or aliphatic group which makes multiple contacts with



of saline-injected controls caused by the agents, divided by the
concentration of the agent (in 20 nmmol/gram of tissue). Tissue
concentration is mneasured using agents nade with radi ol abel ed
paramagnetic ions. Preferably, the in vivo relaxivity of the agents in
liver tissue is at leas= 1.0 s-1 (nnDI/%) 1. The agents should bind
sufficiently 25 tightly to enhance rel axi-vity by a factor of at |east 2.

This increased relaxivity will allow for Iomer doses of the contrast
agents and thyﬁeabbwg [cBrgifaple SA&El Y 1o Wie TOJNH Z8 the
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whi ch makes nultlple contacts with 8 the biological binding site,
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and higher relaxivities. The DOTA ligands for Gd”
(described below) are an example in which the symmetry
is very high (almost cubic) compared to, e.g.,

15 pDTPA-derived ligands (described below), which wrap
around the metal ion in an anisotropic fashion. An
additional benefit of symmetry-constrained macrocyclic
ligands like DOTA is their high kinetic stability (vide
infra).

20 Toxicity

The contrast agents must have acceptably low
toxicity levels at the dosage required for contrast
enhancement, and preferably have an LD50 of at least
0.05 mmol/kg. Toxicity of the contrast agents is a

25 function of both the inherent toxicity of the intact
complex, and of the degree to which the metal ion
dissociates from the chelating agent; toxicity generally
increases with the degree of dissociation. For
complexes in which kinetic stability is low, a high

30 thermodynamic stability (a formation constant of at

least 10ls M _l, and more preferably at least 1020

M-l) is desirable to minimize dissociation and its

attendant toxicity. For complexes in which kinetic



around the nmetal ion inan anisotropic fashion. An -additional benefit of
symmet ry-constrai ned macrocyclic ligands |like DOTA is their high kinetic
stability (vide infra). 20 Toxicity The contrast agents mnust have
acceptably low toxicity |evels at the dosage required for contrast
enhancenment, and preferably have an LD50 of at |east 0.05 mmol/kg.
Toxicity of the contrast agents is a 25 Puficti on of both the inherent
toxicity of the intact conplex, and of the degree to which the netal ion

di ssoci ates fromi hel ati ng agent;, foxicit enerally . increases with
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conpl exes generally contaj.n a _paranggnetic netal ion, e.g., gadolinium
(111), conpl ergﬁeed’tvﬁ th % ’h%@ﬁefzgér*s??i'c?i’ve chel ating agent, e.g.,

di benzo-1, 4,10AtetGaztayadramytalagtesten@décede I, 40-Eett@atetiaageisc acid
(di benzo- DOTA)s i bk Lidoral)s al so a function of the number of 10 open
coordination sites in the conplex; the fewer open coordination sites, the
| ess tendency there i XgeiwalliSy 2ls6r at BanehdPat PAgtagenumperrefease the

cyt ot oxi ¢0parcpergReldra in@it.ioldr efieeabliy, thbeeshgiex;t Bfe fewer open

coordination sites, the less tendency there is,
generally, for the chelating agent to release the
cytotoxic paramagnetic ion. Preferably, therefore, the
complex contains two, one, or zero open coordination

15 sites. The presence of one or even two open
coordination sites can be acceptable in agents in which
the paramagnetic substance has a high magnetic moment
(i.e., is strongly paramagnetic), and can thus affect
Tl or T2 at a low dosage; an example is gadolinium,

20  which is strongly paramagnetic owing to its seven
unpaired electrons.

The paramagnetic portion of the contrast agents
of the invention can be any paramagnetic ion of the
transition metal or lanthanide series which has at least

25 one, and more preferably five or more, unpaired
electrons, and a magnetic moment of at least 1.7 Bohr
magneton. Suitable ions include gadolinium (III), iron
(II1), manganese (II and III), chromium (III), copper
(II1), dysprosium (III), terbium (III), holmium (III),

30 erbrium (III), and europium (III); most preferred are

gadolinium (III), and iron (III), and manganese (II).



conpl ex contains two, one, or zero open coordination 15 sites. The presence

"~ of one or even two open coordination sites can be”acceﬁ%abLe‘LgNgggﬂis in
whi ch the paranagnetic substance has a high nagngt#gcgonent (i.e " Ts
strongly paramagnetic), and can thus affect T1 [pr T2 at™ & Tow dusage; an

- exanpl e is gadolinium 20 which is stronfly par%ﬁ;gnetic owing to its seven

unpaired el ectrons. The paranmagnetic por Yon of lhe contrast agents of the

i nvention can be any paramagnetic ion of the transition netal or

| ant hani de seéggf @@Aithigngt | east 25 one, and nore preferably five or

nore, unpaire d a magnetic nonent of at |east 1.7 Bohr
magnet on. Sui t abl e i onBhé nEd Liblkew yaglod i st uwss (dd 1dpplireon tq IdHelatnaganese

(Il and 1'11),1¢ehs0as uph {dh 1 dausOPREE adddis djﬁlsbq{éjsiinl@n(t;i!oln) e Giligum

(rer), holmum {111)330 erbrium (111),” and europium (111 nost preferred
are gadolini BRPPFHY)COaREC T BS (319 )0 ARl SRkRfamiesd ¥ 19akerTve oy C h

o~. ,_,_ 510 f@mmmg%mg_@@cmeegm | owi ng di scussion applies to
chelating |igands whi

cause the agents of the jnvention to bind tightly
to proteins and to be ﬁké? eTHIRYS Tt Ul k}qu—saqd.n%‘toi% ®§ hepat ocyt es.

The organi ¢ cheyato gy idglhnd cimnddidle gy sirdfegiatdlyl yooampati Alte and

preferably copfaips, af i(é_agli M L4 q)é/\/%'] . % tityted with
hal ogen atons and/ or d-c galj‘ﬁflll grOL}gs. u?}’nﬁxeﬁct%%a?q 8] gia;eog&n t he
chel ating | i GRS AP HE cOpatd Y Witawpst-he Toiez @odr cuR@ rpar anagnet i ¢
subst anceo Thaisz@asipl imd Whe(dding MY L1 Ao A LS kdnpa®@iib ef @dicHs of
0. 938A, requék{e(?ss 1azeI aortgetrhecQaealragn{arc];%eltli%ans%btsrt]:aarr]]cler.onT IulsI %gdolinium

(ITI), which has a crystal ionic radius of 0.9383,

requires a larger chelating ligand than iron (III),

which has a crystal ionic radius of 0.64%. Preferably,

15 the chelating ligand is a single multidentate ligand.

Such ligands maximize the stability of the contrast
agents towards hydrolysis, and minimize the transfer of
the metal ion from the contrast agent to binding sites
on the target component.

20 One suitable class of chelating ligands are
ethylenebis- (2-hydroxyphenylglycine) ("EHPG"), and
derivatives thereof, including 5-Cl-EHPG; 5-Br-EHPG;
5-Me-EHPG; 5-t-Bu-EHPG; and 5-sec-Bu-EHPG. EHPG and

derivatives thereof have the structure:

H /CHZ—C}-{2 H

4 N
HoocCH RCCOOH R=CLEr,].CH, t-Bu.sec-8y
OH HO

i EHPG



0 which has a crystal ionic radius of 0.64A. Preferably, 15 the chelating
"ligand is a single multidentate |igand. Such |ligands nmaxim ze the stability
of the contrast agents towards hydrolysis, and minimze the transfer of
the netal ion fromthe contrast agent to binding sites on the target
" conponent. 20 One suitable class of chelating |igands are
et hyl enebi s- (2- hydr oxyphenyl gl yci ne) (" G'), and derivatives thereof,

i ncluding 5-d -EHPG 5-Br-EHPG  5- Me- EHPG 5-t-Bu- EHPG and 5-sec- Bu- EHPG
EHPG and derl vatl ves &heke@dn %éh&éﬁdm%@r&e H Io%it%d\@é HEeECH
kOOOH R=Cl, CH, ,t-t3u.sec-eu OH HO Al t hough

substituti on h? the Bopbst FF ARt bYe E’l—‘fPG“‘Frseat%’é‘grrds‘tP%rfléc‘tql\Féhl n increasing
| i pophilicitysubstubsitiarion iy gvys poisid i wie e tph@nghemiingsi ggs can
be used. 5 An éher §U|tabl e class of chelating |igands are

benzodi et hyI enet rTan ne- pent aacetic acid (benzo-DTPA) and derivatives

t hereof , i°ncl udi ng di bemeROTRA Lt 3hlenyd LISEPA £ dqui@rtwan'II@Aanblén@yle DTPA;
and di benzyl eS80 qgu%gg“*gjasa Vi 1 (Ao} shown

bel ow: mﬁ?&l%ﬁné HOOCCH, ©, CH."000H R e me

CH, 000Hm2m®m?tmmmWW@A%R&@nPEPBTPA Anot her

class of suitgdey chetst ) niigi g/N0D TS benzyl-DTPA; and
dibenzyl-DTPA. Two of these compounds have the

10  structures shown below:

—_—

HOOCCH{,C\ /—\ ,CH.COOH HOOCCH:\</——2 /——\) _CH.CCOH

/N I\ll ™ N T \

ocC /

HOOCCH, CHCOOHCHCOOH HOOCCH, CHCOOHCHCOOH
benzo-DTPA ) dibenzo-DTPA

Another class of suitable chelating ligands are
bis-2 (hydroxybenzyl)-ethylene-diaminediacetic acid
(HBED) and derivatives thereof. The structure of HBED

is shown below:

HOOCCH CH CHz CH ,COOH

c/H, N\CH,

@OH Ho©

HBED



bi s-2 (hydroxybenzyl)-ethyl ene-di am nedi acetic acid  (HBED) and derivatives

“thereof. The structure of HBED is shown bel ow HOOCCH2~, CH2 CHN CH2OOOH

~H2 CCH2 O JOH HO O HBED 12 The HBED | i gand advant ageously has a very
_high formation constant for iron of 104U. This ligand is available from
the Strem Chem cal Conpany. Another sultgple class of chelating ligands is
S the class of macrocyclic conpounds which contain at |east 3 carbon
atons, nore preferably at least 6, and at |east two hetero (0 and/or N)
atons. The rretnre)dwﬂ[b cliqanﬂ)cnﬂmlmtme;"eoumlsji gtasofa omre yr ihigh dortmation t hree

rings joined the heterptuin ele e _10. wtable cl ass
$8¥€ f% JEn é(ﬁdﬁ o &é%d qn val

of nono- rracrocyc atl I'ng |1 gands ‘has her al® formul blﬁ Rl R2 R6
'-CH COH x ﬁrQrRJthe ﬁtm CCHIG@O@&H C@ﬂ\p@mZ/H R8 R7 This

Sheet _Has_R3een_RPni ., 0hher s]@'lé’mﬁ Aajs% ¥ He1Qtihq' §i%aRKsT each
Ref RGBT NCRS- GtRCeH P i R S Thdepe 20 &, £r et i, l??e i Sa
each, the class of macrocycllc compounds whicn contaln at

least 3 carbon atoms, more preferably at least 6, and at
least two hetero (O and/or N) atoms. The macrocyclic
compounds can consist of one ring, or two or three rings
joined together at the hetero ring elements. One

10 suitable class of mono-macrocyclic chelating ligands has

the general formula

A

N

R1 R2  Rg
L-c{{ COOoH
T

Rq

/ N\.RJ-'— e

CH COOH CH COyH
]

Ra R7



DRL, R, R3, and R4, e ryl, propyl, butyl, pentyl, or O , providedtnat
"when A is -NR5- CH2 CO2 Hat |east one R groupisfhet Homeddyvenaryl. gr oups
10 may be substituted with hal ogen atons or Cl- al Kyl groups. Exanpl es
_of suitable macrocyclic ligands include benzoiBROTA, where DOTA is 1, 4, 7,

10-tetraazacycl ot etradecane-1, 4, 7, 10-jetraag¢etic acid; di benzo-DOTA,
benzo- NOTA, where NOTA is 1, 4, 15 7-triazacyc A\

N '-triacetic acid; benzo-TETA wh ETAis 1, 4, 8,

11-tetraazacyehetet nadecane- 4r 4, 8@1 tetraageis cg agd df , henzo- DOTMA,
where DOTMA S 1. 4, 7, 10-tetraazg tetradecane-1, 4, 7, 20
10-tetra(net hyb't ebfaacetic acid) 7 ahd zo- TETMA, where TETMA is 1, 4,

8, 1ll-tetraazacyclotBiratecape-1, 4, 8, 1l-(nethyl tetraacetic acid).

Hydr ophobi ci t a tgus E Lhieity, can, also be provided .in the case
of 1igands (eM(Z] Mg hggglgvati‘\?‘e’s cont a‘?imrﬁ\)gr’bq ]hyl enogae arﬂ ne portions
by attachi nanheR@boﬁgrh?ﬂ‘iﬂobhobi%"%ufbstl tuentstdiaeetdy to the ethylene
carbon at ons. pFepyexanhtel, DSTANRS §hey—sKruct us &5y 2ied Qe e 10004 8 3 7
4 N HOCC 2° isCOO_I-NSS

RS-CHZCOZH
at least one R group must oe . [ne aryl groups

10 may be substituted with halogen atoms or C,-C, alkyl

groups. Examples of suitable macrocyclic ligands
include benzo-DOTA, where DOTA is 1, 4, 7,
l0-tetraazacyclotetradecane-1, 4, 7, l0-tetraacetic
acid; dibenzo-DOTA; benzo-NOTA, where NOTA is 1, 4,

15  7-triazacyclononane- N, N', N''-triacetic acid;
benzo-TETA, where TETA is 1, 4, 8,
ll-tetraazacyclotetradecane-

l, 4, 8, ll-tetraacetic acid; benzo-DOTMA, where DOTMA
is 1, 4, 7, l0-tetraazacyclotetradecane-1, 4, 7,

20 l0-tetra(methyl tetraacetic acid); and benzo-TETMA,
where TETMA is 1, 4, 8, ll-tetraazacyclotetradecane-1l,
4, 8, ll-(methyl tetraacetic acid).

Hydrophobicity, and thus lipophilicity, can
also be provided, in the case of ligands (e.g., DOTA

25 derivatives) containing ethylenediamine portions by
attaching the above hydrophobic substituents directly to
the ethylene carbon atoms. For example, DOTA has the
structure:

2
HOOC —™
N

— COOH
8 3
7 4
N

HOOC —JN\‘ L CcooH
GJ



14 Hydrophobic substituents, e.g., fused phenyl rings or Cl1_5 alKkyl
" groups, can be attached to one or nore of carbon atons 1-8 of DOTA.
Anot her suitable class of chelating |ligands are 5 DTPA derivatives
_contai ni ng hydrophobi c substituents. Structures of suitable such

derivatives are given below, in which-epgh.Rl, R2, R3, R4 and R5,
i ndependently, can be a C 6-10 aryl group, e.g., phenyl or benzyl; or a
Cl 5 aliphatic group, e.g., metnyl or 10 ethyl. R R2 23 Rqg RS-CHCO2H N
CH2C2H N CHHg#RPofHebi@ SHREOPHI&HYs CHZ IR G q QA Q02H {g@ K CO’H CO2H
CO2H CO2H Angt herafkl\i/tgablrgucéass of,_chel atihn(% Iiogands are derivatives of
1, 3- propyl enediapi Ret et r 252807 £ BRF € (PO &hd@ one or more of
tri et hyl enet et anbomn neheraated i ¢f aedTR ( TTHA), given below. Each Rl, R2, R3,
Ra, R5, R6, 15 and R7 group.. i ndepandent] Yoo aan he @Gl anylo group,
e.g., phenyl or benzyl; or a Cl1_ 5 aliphatic group, e.g.”, nethyl” or "ethyl.
RR2 R3 R4 RBIRE G0 11¢ NV CHASTRR N INFN 1 YeH QB QSO H S@AS\E 1GH2 252 CH CH
CH2CO2H 2 2 MRt &Rte2 @2f G2+ LHPH NAH Q2N RTAs a1 JARRhhekswi tabl e
class of chelating. |i anqg re _derjvatjves dof
1,5, 10- N, N1, m-‘%‘?%%*z >y i’?}y’dr%«y 734 A9 Rgy

independently, can be a C6-lO aryl group, e.g., phenyl
or benzyl; or a Cl-S aliphatic group, e.g., metnyl or
10 ethyl.

R R2 Rj3 Ry
{ \ Rg— CHCZ 4
/ / |

CHp;  CHj CH2 H,C054 CHp CH, CH, CH,
CO,H  CO,H COLH CO,H COZH COLH CO,H

Another suitable class of chelating ligands are
derivatives of 1,3-propylenediaminetetraacetic acid
(PDTA) and triethylenetetraaminehexaacetic acid (TTHA),
given below. Each Rl’ R2, R3, R4, RS’ R6,
15 and R, group, independently, can be a C,_,, aryl

group, e.g9., phenyl or benzyl; or a Cl_5 aliphatic
group, e.g., methyl or ethyl.

Ry
R, R3 Ry Rg Rg R,
. N y cH, T
N N,CH2C02H N N N N/ e
AN \ | ~ cou
CHZ’//’\\\tHZ CH,COLH CH, CHj CH, cH, CHaC0H
CO,H COZH : -
CoLH co,H 2 2 CO4H CO,H

PDTA



T2 R ORORX::

tricatecholate (LICAM and 1,3,5-N,N,N

~ di hydr oxybenzoyl ) am nonet hyl benzene ( MECAM ,

below. Each R, R2, R3, R4, R5, and R6,
H, a halogen, e.g., d. or a Cl-5 al kyl
OC=0 C=0 =0 H - N -
H OH C=0 NH CH2 OCH2 CHZ OH OH NNH
16 -

1CH2Y 3_ -

Synt hesis The contrast agents of the invention can be

-tris(2,3'5
havi ng the structures given

i ndependently, can be CO2H, SO3H,
group, e.g., nethyl or ethyl. P1
N- (CH2)T- N- H LICAM R4
1 0NHCIt OR ORCR6 R5 MECAI 4
synt hesi zed

fromcomrercial ly avaiAebtReprsieeshly c5ydd hesized SeagentiS NG re

conventi onal ggntnetic
. . rivative
ion is 1
1,5,10-N,N7,

tricatecholate

Nll

(LICAM)

structures given below.
RS’ and R6'
a halogen, e.qg., Cl, or a C

metnyl or ethyl.

C=0 c=0
H—N_(CH2)3———N_..
Ry
Cc=0
NH
|
CHZ
CH2
OH NH/
0
oH 2//
Rg MECAM

dinydroxybenzoyl)aminomethylbenzene
Each Rl' R2, R3, R4,
independently, can be CO.H, SO

1-5

g gFthods. In general, a salt of the ‘paranmagnetic

-tris(2,3-dihydroxybenzoyl) -
and 1,3,5-N,N' ,N'"'-tris(2,3-

(MECAM) , having tne

;H, H,

alkyl group, e.g.,

Rj
OH

=0

‘Cﬂz)z—- N —— H

OH

OH

Rg



added to a slightly alkaline (pH 7.4-9) aqueous solution of the chelating
“ligand and the resulting mxture is stirred for 3-24 hours at room
tenperature. The resulting contrast agent is then used i mediately or 10
stored in lyophilized formor in physiological buffer wuntil use. The
" synthesis of iron (111)-(EHPG) is carrigd out as follows. EHPG (Sigma) is
di ssolved at roomtenperature in disti I]1 ed, deionized water 15 mai ntai ned
at pH 8-9 by addition of 1M NaOH Solid FeCl3.6H20 is added to the

sol ution and gihﬁmi@dj usted to 7.4 with 1M NaOH The resulting dark red
solution is then stirred at roomtenperature for 30 mnutes, after which
it isfiltered with 0. D SAYT A% GG S Aft dhe (C¥EemRaAPn The &encentration

of iron (I1I9yn(dEdRGzdds fde,mercmmm@dcmémymabbelaaier Bti eRaQf1ydi | uted
al i quots usi an_extinction coeffl ci ent

Beckna ectrophotorret er and
at 480 nm of ébatd]eé\}lﬁefp 19% 3R I FENIEES 10 3EHPENGBR VSt i ves the 25
first step i Satdodske time g&plplr@pr,l at saElPGtdenievatrugagnaccor dongi o

Manni ch reactdibd d8s @ ih§d Hen T naki §puet . al . arm _Sci
581; the reaction enpl (Sc’ys%et M Egg ?5%%% Hd?c%l of oaggg%cgaﬁlg E%;1?1‘& the
appropriate Pdr d&SFbstieldtedIpheAsrs Fre tBECEREHL1EEN@NBiXBAr € 0F S 5- Br - EHPG

i s: 1'his_Sheatirkleas fBPPR,-2R. Baurs. a@ r%ZmHt@ﬁggﬁaNUreBr Phé HOCOOH  HOOCCH

2 + 2 Cl2CHQ0QH.+ .NH. CH.
resulting con%Has% égen 1s then used immediately or

10 stored in lyophilized form or in physiological buffer
until use.

The synthesis of iron (III)-(EHPG) 1is
carried out as follows. EHPG (Sigma) is dissolved at
room temperature in distilled, deionized water

15 maintained at pH 8-9 by addition of 1M NaOH. Solid
FeCl3.6H20 is added to the solution and the pH
adjusted to 7.4 with 1M NaOH. The resulting dark red
solution is then stirred at room temperature for 30
minutes, after which it is filtered with 0.2 mm

20 micropore filters (Gelman). The concentration of iron
(II1)-(EHPG) is determined by visible absorption of
diluted aliquots using a Beckman Spedtrophotometer and
an extinction coefficient at 480 nm of 4300 cM™im~L,

To make iron chelates of EHPG derivatives the

25 first step is to make the appropriate EHPG derivative,
according to Mannich reaction, described in Theodorakis
et al. (1980) J. Pharm. Sci 69, 581; the reaction
employs ethylenediamine, dichloroacetic acid, and the
appropriate parasubstituted phenol. The reaction scheme

30 for 5-Br-EHPG is:



Br 1" vv3r OH5-Br-EHPG Iron (I111)-(5-A-EHPG ——iron (II1)-(5-Bu-EHPG

o, dron (111)-(5-Me-EHPG , and iron (I11)-HBED are prepared in anal ogous
fashion to iron-EHPG 5 The structure of iron- EHPGUB@—:S EHas @@ RBA2~~Fe' J1

/' M OOIl O The octanol/water partition coeffizci ents and HSA bi ndi ng

" percentages of Iron-EHPG Iron-(5-Br-EHRG ,- and Ir on (HBED) are shown

bel ow. [octanol] % bound 10 [water] to HSA |Iron{EHPG 0.013 17

lron-(5-Br-EHPG 0.89 82 Iron-HBED 0.050 34 18 The macrocyclic DOTA

chelating ligands are synthesized generally as described in Desreux et al.

(1984) Inorg. Chem 19, 1319, generally according to the reaction HA H

HOCC-\ ~--~ /-COOH.CN N N N H_ CHTCH; H
Br >N Ny
HOOCCH HCCOOH
2 CIL,CH NH,CH,CH.NH, cH HO
2 + CLCHCOOH + ) :CH: H, —> 6\/ @
Br/\) ‘\/ 3,
OH
5-Br-£-PG

Iron (III)-(5-Cl-EHPG) , iron
(III)-(5-Bu-EHPG) , iron (III)-(5-Me-EHPG) , and
iron (III)-HBED are prepared in analogous fashion to
iron-EHPG.

5 The structure of iron-EHPG is:

fe

(o}
4 ;
I’
rd
rd
z
N/ °

0) "\
o= { /

The octanol/water partition coefficients and
HSA binding percentages of Iron-EHPG, Iron-(5-Br-EHPG),
and Iron (HBED) are shown below:

{octanol] % bound

10 [water] to HSA
Iron-EHPG 0.013 17
Iron- (5-Br-EHPG) 0.89 82

Iron-HBED 0.050 34



CICHO00H J NaOH NNNNH "HHOOCI \-CCOH DOTA DOTA itself |acks

" sufficient lipophilic groups 15 for hepatocel | ul ar uptake. Two derivatives
with the required lipophilicity (provided by fused phenyl rings),

benzo- DOTA and di benzo- DOTA, are made according to the follow ng general

" reaction schene. (Alternatively, hydrophobic substituents can be

i ncorporated into, e.g., 20 DOTA, via subft7tuted et hyl enedi am nes prepared
according to Meares et al. (Anal. Biochem 100 152-159 (1979).) DITPA
derivatives (e.g., benzo-DIPA and . di benzo- DTPA) are nmade by net hods

anal ogous to the 25 n@?ﬁoﬁ%cﬁ%%%c]fb? I?'fgi‘? n@%@%?dﬁﬁa( @ ish et al.
(1978) I norg. sghehesiZzed 1383¢raPhy annghedd cibed ohaleddauk ldtgaid conpl exes
made usi ng i Lyes e r escri earlier, with
a longer ti gﬁ%ﬁﬂoﬁﬁég%nﬁ‘g' %hegﬂr‘%’aﬁ(%%en[aatslétr?géarcac[otf%glglgb§°ngt%reequi red
for the fornma€ReR1ON netal ion/nmacrocyclic ligand conplexes. A reaction
schenme is shown below. 19 - laNHz NH, + TsCl Ts= CH, sO;- NaOEt IS N_ Na'
N Na

Hy /M HOCC— ,— ,~COCH
N N N N
[ ] CiCH.CCCH [ ]
LR CCoH
NaOH
N N . N N
A 3 ) Hooc—~ \—/ -cccH
DOTA

DOTA itself lacks sufficient lipophilic groups

15 for hepatocellular uptake. Two derivatives with the
required lipophilicity (provided by fused phenyl rings),
benzo-~DOTA and dibenzo-DOTA, are made according to the
following general reaction scheme. (Alternatively,
hydrophobic substituents can be incorporated into, e.g.,

20 DOTA, via substituted ethylenediamines prepared
according to Meares et al. (Anal. Biochem. 100 152-159
(1979).)

DTPA derivatives (e.g., benzo-DTPA and
dibenzo-DTPA) are made by methods analogous to the

25 methods used for making benzo-EDTA (McCandlish et al.
(1978) Inorg. Chem. 17, 1383).

Paramagnetic ion chelating ligand complexes
made using DOTA derivatives are made generally as
described earlier, with a longer time (24 hours) and

30  higher reaction temperatures being required for the
formation of metal ion/macrocyclic ligand complexes. A

reaction scheme is shown below:



Il Is 4 CACHzCH OH HzN,,;” CHz TsCl HzN~CHz Is N-HzCHOTs \ TsC -

" CC-CH CHzOTs 4 NaCEt NIs Is | Is Na"N1 NN Na'" N~ Ts | Ts TsN~1IN Ts Ts\
Ts (9 Ts/ ) N~ 1IN Ts/ LANNTs a Ts/NNNTs HCI HCI NaCH CI CH, 000H HOOC ~
NaOH CI CH: 000OH --\ [-000H ,N N HOOC~1~~ ~COCH CJ N HOOC-/ N -~-COCH O

" HOOC-' N~COOH benzo- pOTA dl benzo pOTA - 20 - Use The contrast agents of the

i nvention are - 19 -
QL
NH,
Jrsar Ts: CH:_/6>—‘SO.—
l NaOEt
Ts
@[N' Na*
P,‘J' Na*
Ts
} cicH,en.on
HN l TsCl
2 \$Hz
H,N-CH, Ts
!
N
\Tsu @[ —CH,CH,0Ts
\NaOEt N —CH,CH,0Ts
Tls
Na"N7 Na-
a
Na* "N~
| Na* N
Ts
Ts\ —\ s
N NJ TS\N/_\ Ts
N
Ts/ M @ :@
) Ts T /NJ\
Is Ts
l HCl
l HC1
l NaOH/CICH,CO0H j
HOoc_\ /—\ ,~COOH lNaOH/CICH.coOH
. @[N NJ HOOc /__\ ~COOH
: @E
Hooc—~ "\ M_ 004 @
: HOOC—. COOH
benzo.poTA

dibenzo-poTA



adm nistered orally or intravenously in physiological buffer. Dosage

" depends on the sensitivity of the NMR 5 inmaging instrunentation, as well as
on the conmposition of the contrast agent. For exanple, a contrast agent
containing a highly paramagneti c substance, e.g., .gadolinium(Ill),

"~ generally requires a | ower dosage than_ ggpcontrast agent containing a
paramagneti ¢ substance 10 with a | ower magnetic nonent, e.g., iron (l11).
In general, dosage will be in the range of about .001-1 muol/kg, nore
preferably abgyi 0.005 - 0.05 nmmol /kg. Follow ng adm nistration of the
contrast agent; conventional NVR inagi ng is carried out; the choice of 15
pul se sequence (inverstBf FERETEFY, 2BRNESPP R BRRAOINGE)tigmdathe val ues of
the imaging pagaiRietsréachpalifor TEatr aOWEESEDP 1h By Jic1denedition
time, TR) w Ilﬁ lgg govgr ned bé theddi agnogti c intormation_sought. In
general, if of8 48&irre8°r89fed8RFRITIONt hRR TR ShbtY HE2P hettedR han 30
mllisecodds (oagtihe mhatprumenbbtiednt oas nexl biae di-wed ghdnmpus i Ganver sel y,
if one desireget 2 n Tk.sh gre an_. 30
m | liseconds tgg ?nhﬁﬁaégggggrp%?%ﬁg'ﬂ% fée)g%rg?ij% %n‘%‘sﬁ%% 1995 Erai n

appr oxi mat el yCPRE23ANRIT &r h ol hy TRa pEMagRie TDC Wit art-d negyes» TI and TR are
general ly on ghhe1erdern of1appugerdPabOP 1005 1000, 4 4 |d§ee&3%ndé1an
respectively. NWR Emagl ng Usj n(g lron (11 I%- EHPG Ilron (! lDln‘)gt_ag‘fCHPG) was
prepared as d8scPibea®t38IabbvECANY: UEeH a5 4IARR" 4 et Sat livers
as foll dbs. wih aFasved magee Spe agoreawl €yg r at srqrof (lEvBragen wei ght of
about 400g) m@éﬁe?@f§tggéé§§dw¥1£rbe in the range of about .001-1

mmol/kg, more preferably about 0.005 - 0.05 mmol/kg.
Following administration of the contrast agent,

conventional NMR imaging is carried out; the choice of

15 pulse sequence (inversion recovery, IR; spin echo, SE)
and the values of the imaging parameters (echo time, TE;
inversion time, TI; repetition time, TR) will be
governed by the diagnostic information sought. 1In

17 then TE should

20 be less than 30 milliseconds (or the minimum value) to

general, if one desires to measure T

maximize Tl-weighting. Conversely, if one desires to

2t then TE should be greater than 30
milliseconds to minimize competing Tl effects. TI and
TR will remain approximately the same for both T,-

25 and T,-weighted images; TI and TR are generally on
the order of about 200-600 and 100-1000 milliseconds,
respectively.

NMR Imaging Using Iron (III)- (EHPG)

measure T

Iron (III)-(EHPG) was prepared as described
30 above and used for in vivo imaging of rat livers as

follows.



i ntraperitoneal pentobarbitol (50 ng/kg), placed on a calibrated carrier,

" and subjected to NVR imaging, along 5 with calibration tubes containing

par amagnetical | y-doped water or agar gels of known Tl and T2, to establish
an initial baseline image. NVR imaging was performed wth a horizontal
bore (8cm superconducting nmagnet system (Jdechnicare Corp.) at a nmagnetic
field strength 10 of 1.4 tesla (1H resonance of 61.4 MHz). | mges were
obtai ned using a 2-D Fournier transformtechnique with a slice selection
determ ned by selectiveaété@dmaaéomprdﬁmeim&wmgvagﬁscﬂ&gﬂgugiagg ng 128

phase encoded g t S 0, maxi m ze ontr an IR pul se 15
sequence was ugg%ﬂg B %g g 40G9) 48%° fred esgl}if? After baseline

i mages were obtrapelr 1t¢1ree¢ht£senmaertv1e¢ml/et5(f rm‘fﬂtd"le, rpsi@metd &nd a nj ect ed
inthe tail yeip,pLtbg cgrmp&/kgn@fsTsﬁ&é‘%Aléo (W% gl?%ra 21%59 <t ead.

conparison, sone rats. recejved 0. i ron
The rats were®thenc? bipe2F 1R L4 D ‘i%tqfefgﬂlﬁ Paélacﬂ?gj”\ﬁttlﬁatlﬁé Gé’lpeﬂr ation

tubes, in theaséfeoposgai Ofe BS cfprkrtdman i tdred "foa,seid r&aarmglsmlg | magi ng
began inedi at el y and f%%?‘? ed for 1125 hours. Back und- subt ract ed,

regi on-of -i nt 2P ed?1 i Ral H‘é%geo‘f VMR @S ESREPETSHY ai ned f or
each i mage; tweske ¥ahoeszowrel there noioml | gk farmndmt i ngl merganteiton in the

signal intensify, of ’Fl?c%éﬂr?td&;_‘bpé; %gi?raor%%r i glé’J I%lJQQQiO/ §Q é@ nl mges of

rats whi ch recieved 1ron a mark pr ol onged
i ncreaselfn segnhtdineehsi t)ﬂdfeﬁ’tqmaf}qqlé?f CorfsiMitzant dimages sieset T1. I n

contrast, |nme@gesaMedsing a 2-D Fournier transform technique with a
slice selection determined by selective irradiation.
All images were obtained using 128 phase encoded
gradient steps. To maximize Tl contrast, an IR pulse

15 sequence was used (TE 15 msec, TI 400 msec, TR 1000
msec) .

After baseline images were obtained, the rats
were removed from the magnet and injected in the tail
vein with 0.2 mmol/kg of iron (III)-(EHPG) . As a

20 comparison, some rats received 0.2 mmol/kg of iron
(III)-(DTPA)-2 instead. The rats were then reinserted
into the magnet, along with the calibration tubes, in
the same position as for the initial baseline imaging.
Imaging began immediately and continued for 1.5-3

25 hours. Background-subtracted, region-of-interest
intensity values of liver and muscle were obtained for
each image; these values were then normalized for any
alteration in the signal intensity of the calibration
tubes.

30 The IR 1000/400/15 images of rats which
recieved iron (III)-(EHPG) demonstrated a marked and
prolonged increase in signal intensity of the liver
consistent with a short Tl' In contrast, images of



rats which received iron'(111)-(DTPA)-2 denonstrated only small and
“transient increases in liver intensity. This is presumably because, unlike
iron (111)-(EHPG , iron (I11)-(DTPA)-2 distributes throughout the 5
extracel lular liver space, rather than in functioning hepatocytes, and is
“rapidly excreted into the urine. Ex vivgzbiodistribution studies neasuring
the T1 and T2 val ues of excised rat liver, olood, spleen, and thigh nuscle
at various post-injection times 10 also denonstrated that iron

(1) -(EHPG katspwbdohinaaéﬁyeaaREOnupry)iuanAph?n@eﬁgwgtpgyé@s, and

t hus decreases the L, axati;o g f.water protons.in these cells. Rats
gi ven intrave%gég 8@2&2 %bdzgﬁgH§§?PE918?rei§g?rbﬂ- HEE stifFefettho
apparent ill &hiécis pvepumablnobeeaksebsenakeohr ger{ DLI) 4 (EHEG be) i eved

that the mechapibam(ef19pepabhpn? @f stk ey EEEG § 5o mﬁ@{.'%- Rel axati on
ti me enhancenment normally occurs where the unpalired electrons of the 20

par amagnet’i ¢ SUHERGREEULAF el ARE L WP PACHiat BR AT ekhd msin dfyretignsund to the

paramagneti c aubatangeesi hendegsepap 0f1 ¢NERRECHEBAL i ho I tWEerSeiye related to

t he di stance from theEQar§gagnet'c gen$er.to the water nolecules. In iron

(111)-(EHPG) -, however=Xth&¥3 RFRI M- TP REi?y HHhLE 2 aneas it ¥l es.

Rel axation tifig enHafgerehtes ¢heerfdsed pavbhbier s esldds, mainly fromthe

i nteraction n ; net indiyectl ound,
bBLueRN LRg PRIGHTANSLIC 2LbolANGes gw%eamﬂe@eecgﬁn p L

second cg%rdinatlon sphere ter nol ecu at 'since

there are’a s@tfPcienerstrated B hubber OFI bire€@RGUt erlsphere wat er
nmol ecul es, appeechahbet ¢l axéh ofp th yrer @nb@ th Pl Sy idaspidy the
protons in

tnese cells,
Rats given intravenous doses of 2.0 mmol/kg of
15 iron-EHPG suffered no apparent ill effects over a
two-week observation period.

It is believed that the mechanism of operation
of iron-EHPG is as follows. Relaxation time enhancement
normally occurs where the unpaired electrons of the

20 paramagnetic substance interact with water molecules
directly bound to the paramagnetic substance; the degree
of enhancement is inversely related to the distance from
the paramagnetic center to the water molecules. 1In iron
(III)-(EHPG)-, however, there are no directly bound

25 water molecules. Relaxation time enhancement,
therefore, probably results mainly from the interaction
between the paramagnetic substance and indirectly bound,
second coordination sphere water molecules. It is
believed that since there are a sufficiently large

30 number of these outer-sphere water molecules,
appreciable relaxation time enhancement occurs despite
the larger distance between the water molecules and the

paramagnetic substance.



par amagneti ¢ substance. This Sheet Has Been Reptaced—23 - I Oher

"~ enbodiments are within the followng clainms. Th|ShaeistRepRe@N Repl ace
-- - - 24 -1 1 Cdainms 2 1. A nmethod of decreasing the NWRrelaxation 3
tinmes (T1 or T2) of water protons in contact \With a 4 biological tissue,

" said method conprising 5 adm nistering_tgya_human patient an NVR 6 contrast
agent conprising a paranmagnetic ion conplexed 7 with a chelating .
substance, said contrast agent being 8 characterized in that it is capable
of binding 9 non-coval eshey afislodDieh fELAOE OGi € A YeHd B xswpanent of 10
said tissue, ngiag a result of such binding is capable 11 of ‘enhancing
relaxivity of salr8®wat er protons by a 12 factor of at |east 2, conpared to
the relaxivity induced 13 by said paramagnetic substance alone free in
solution, 14 and 15 subjecting said patient to NVR imaging. 16 2. The

met hod of claim1 wherein said NVMR 17 contrast agent has specific affinity
for said biological 18 tissue. 19 3. The nethod of claim1l wherein said 20
conponent is a protein and said contrast agent and said 21 protein each
contai ns one or nore hydrophobic domains, 22 so that said contrast agent

bi nds' non-covalently to said 23 protein through Van der Waal s bi ndi ng
interactions 24 between said hydrophobi c domains. 25 4. The nethod of claim
1 wherein a domain in




26 sai d conmponent and said contrast agent are of opposite 27 charge, so

" that binding is pronoted via electrostatic 28 interacti-ens— 5. The
method of claim1 wherein said contrast 30 agent binds to SSieeh ReplIgEanent
via mul tiple hydrogen.31 bonding interactions. This 3k ‘”Eﬁ§~§€€h Repl aced
25 1 6. The nethod of claim I wherein-said-contrast {2 agent binds to said
conponent via fgore than one of the 3 nmechanisns of clains 3-5. 4 7. The

met hod of claim3 wherein said 5,biological tissue is blood and said
protein id human 6 serum al bum n. 7 8Cldhesmet hod of claim 3 wherein said
8 biologicgal tissue corprige n. he and said 9 protein is the
intracellﬁ?ar protein fgaﬁd?ﬁpgggp?gtggépg{%?ig esﬁué#ﬁf HotPDf clai m
3 wher ei n 3sai § 188t (Agt °T1F, hgeht WhFaEsPEetPhgahtli ontrot evithh,a and HSA and

is thus ¥3 apduabgiBhlavassubarshepatobhbhatymMNVR coptrast agent. 14 10.
The method of claim3 wherein said protein 151is the inmmture, poorly
cross-linRed col | agen PATIBIAESDIAG (R 2iR4iRN Bathent Bk M& hod of claim 1

wherei n s&i d ¢Bnpanataggehtccompr hasngita | ABAmdgwe tiPai et SlAELRNS. 19
12. The net hog; | &y rein.sai d 20 chel ating substance contains at
| east one ary?}9£2§ g*?% %??%,§¢é§ﬁ%hﬁﬁtﬁ?ﬁﬁéﬁﬁf%ﬁﬁ%ﬁﬁuﬁ%ﬁ“ﬁa e35g
non-coordﬁnat?hgfégﬁﬁbk9¢@téngt®mp:lQSia3:aﬂ§hﬂennﬁuhinﬁind aim1 wherein
said 24 ehel ﬂéhngo§&p§ﬁ@f§ea§&mdsﬁ§nﬁ{bﬁmirwlqr)pwlaatc%mponent of

10 said tissue, and as a result of such binding is capable

11 of enhancing relaxivity of said water protons by a
12 factor of at least 2, compared to the relaxivity induced
13 by said paramagnetic substance alone free in solution,

14 and
15 subjecting said patient to NMR imaging.
16 2. The method of claim 1 wherein said NMR

17  contrast agent has specific affinity for said biological
18 tissue.

19 3. The method of claim 1 wherein said

20 component is a protein and said contrast agent and said
21 protein each contains one or more hydrophobic domains,
22 so that said contrast agent binds non-covalently to said
23 protein through Van der Waals biﬁding interactions

24 between said hydrophobic domains.

25 4. The method of claim 1 wherein a domain in
26 said component and said contrast agent are of opposite
27 charge, so that binding is promoted via electrostatic

28 interactions.

29 5. The method of claim 1 wherein said contrast
30 agent binds to said component via multiple hydrogen

31  bonding interactions.



25 derivative. 26 14. The nmethod of claim 1l wherein said 27 chelating

" substance conprises a porphyrin. 28 15. The nethod of claim 1 wherein said
29 chel ati ng—substance_conprises a cryptate conpountfs-ShegidiasBeen Replacet hod of
claiml1l wherein said 31 chelating substance conprises a bis-, tris-, or 32
tetra-catechol conpound. This Sheet Fb§nggep Repliaced I | - ~I - 26 1 17.
The nmethod of claim1l wherein said 2 co nent of said tissue conprises a
protein in the 3 liver or bile duct of said patient, said agent -being 4
further characterized gn t It lSstake preferentially by human
hepat ocyt 25, conpar ed %b hﬁ%n‘hégﬁégt%u %%ﬁ&g]f he efrgﬁmce ﬁlsé. CPr{‘ﬁr.aSrlgﬁe

nmet hod of 2cl apEeRtwhéR@FnteasdidgepmproBent ¥ia there ctizamotrer iafecttien that it
conpri ses3a CREPh&Xisfs 0b £ Sai &ipar anggneti ¢ substance and an organic

chel ating, 10 |ligand, ;aid conpl ex being characterized in that 11 it has a
solubility to at |east’1. 0TH®n M99 edertatT oh Wheifrheiaishl ine, 13 it has
a nol ecul ar weightg teent efsdbhan Ho@Nthnd ddid haso e ighargeugfandan absol ute
val ue of g orsg§u+e§fbu%§n19. The method of claim1 wherein said agent 17
is further characterized it

ih that it contains at |least 18 one aryl ring. 19
20. The mBthod of cl aifn 17Théenetoda tl c ROinc At dis faaritdher

char act erszed, | §i dfidat i ddud |RAMYY 14 tlarlath HUH GG 04 Q cause it
9 protein is the intracellular protein ligandin or protein

10 A.

11 9. The method of claim 3 wherein said contrast
12 agent binds to ligandin, Protein A, and HSA and is thus
13 a dual intravascular/hepatobiliary NMR contrast agent.
14 10. The method of claim 3 wherein said protein
15  is the immature, poorly cross-linked collagen in

16 neoplastic tissue.

17 11. The method of claim 1 wherein said

18 paramagnetic ion has at least two unpaired electrons.
19 12. The method of claim 1 wherein said

20 chelating substance contains at least one aryl,

21 aliphatic, non-coordinating sulfonate, or

22  non-coordinating carboxylate group.

23 13. The method of claim 1 wherein said

24 chelating substance comprises an aminocarboxylate

25  derivative.

26 14. The method of claim 1 wherein said

27 chelating substance comprises a porphyrin.

28 15. The method of claim 1 wherein said

23  chelating substance comprises a cryptate compound.

30 16. The method of claim 1 wherein said

31 chelating substance comprises a bis-, tris-, or

32 tetra-catechol compound.



22 taken up_in greater anount by normally functioeni ng-human 23 hepat ocyt es

" than by hepatocarcinenn _cells. 24 21. The nethod of . g}2i ik eiMrepigin t he
formation 2b constant of sard conplex is at Ieasq TO0ISM 1. 26 22. The

met hod of clhim 17 wherein said agent 27 is further characterlzed i n that
it exhibits an 28 octanol :wafer coeffici g]t_of at least 0.005. 29 23. The

met hod of claim 17 wherein said agent 30 is further characterized in that
it exhibits an 31 octanol:water coefficient of at least 0.01. Il Thi-_Sheet

Has Been Replaced ----17,-.The det®bd of 21ailm 24 wHd¥ee ftdpgdi of claim1
wher ei n S?I d agent 2 is further characterized in that at | east 15% of said
nds®€

3 agent b BPANSHS R FaR2 831 P S BUTE PP L SES £ RFRtemtT &bt dff 0.2 v

agent. 5 25 Thee fred hosli D& Ehat mQ%MrﬁamlattJ aeasitd Galie cv‘eﬁﬁj d agent
binds to S%:L an serum a%bu concent r tlon of 0.2 mM agent. 8

26. The rret hod"o %fa‘fkﬁ?ia% ?z%\%er%l h%%u Y rrta )H‘HIC conpound has
the fornmuPa Apr@fedent halH 2000 Pman mewtca‘_i'?te@()O%o\mp(a‘rleZi 20 GQmMdn10 where

Alis -1- or XbeiQuPberdothéh £2fcells.

7 18. The method of claim 1 wherein said agent
8 is further characterized in that it comprises a complex
9 of said paramagnetic substance and an organic chelating

10 ligand, said complex being characterized in that

11 it has a solubility to at least 1.0 mM

12 concentration in normal saline,

13 it has a molecular weight greater than 250, and
14 it has a charge of an absolute value of 2 or

15  1less.

16 19. The method of claim 1 wherein said agent

17 is further characterized in that it contains at least

18  one aryl ring.

19 20. The method of claim 17 wherein said

20 complex is further characterized in that its

21 lipophilicity is sufficiently high to cause it to be

22  taken up in greater amount by normally functioning human
23 hepatocytes than by hepatocarcinoma cells. |

24 21. The method of claim 1 wherein the formation
25 constant of said complex is at least 1015 l.
26 22. The method of claim 17 wherein said agent

27  ig further characterized in that it exhibits an

28 octanol:water coefficient of at least 0.005.

29 23, The method of claim 17 wherein said agent
30 is further characterized in that it exhibits an

31 octanol:water coefficient of at least 0.01l.
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provi ded that when A 1S5 = 1 14 CH2CO2H 15 at | east one R group nust
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24. The method of claim 1 wherein said agent
is further characterized in that at least 15% of said
agent binds to 4.5% human serum albumin at a
concentration of 0.2 mM agent.

25. The method of claim 24 wherein at least
50% of said agent binds to 4.5% human serum albumin at a
concentration of 0.2 mM agent.

26. The method of claim 1 or 17 wherein said

W 00 1 &6 B b Ww N

macrocyclic compound has the formula

N
Fh

N—CHzcmH
X
/ pefon £
G, COOR = h—xzoo H
2
10 where A 1is -?- or (::) X is 0 or 1, and each
11 CH2C02H N

12 Rl' R2, R3, and R4, independently, is ethyl,

13 propyl, or , provided that when A is -§- '
14 CH,CO,H

2
15 at least one R group must be 2t:j> .



