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23 milions
 

MR examinations in US (25
 

%)

In world near 100 milions
 

examinations

Contrast agents are used for more than 35
 

% Examinations
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NMR andNMR and
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NMR
 

–
 

variable frequency
 –

 
positions of peaks



MRI –
 

intensity of peak (water protons)+
 spatial resolution –

 
field gradient

Principles ofPrinciples of
 

MRIMRI

The figure was adopted from U. S. 
patent ‘832 of Dr. R. Damadian 
on 3D MRI scanner. The patent 
was filled on March 17, 1972.

P.C. Lauterbur, P. Mansfield
(Nobel Prize 2003), 
R. Ernst (1991)
Discrete Fourier Transormation



Contrast in MRI originaters
 

from different water concentration among different 
types of tissue and also from different relaxation rates of water protons

Proton longitudinal  T1
magnetic relaxation times 

Proton transversal  T2   

T1

 

– positive contrast, T2

 

– negative contrast

Principles ofPrinciples of
 

MRIMRI



ContrastContrast
 

agentsagents
 

for MRI for MRI diagnosticsdiagnostics

Contrast agents are used for more than 35Contrast agents are used for more than 35
 

% % examinations 

95 % 95 % CCAs are based on As are based on GdGd((IIIIII))

Proton longitudinal  T1
 

–
 

paramagnetic species

Proton transversal   T2      –
 

ferromagnetic species
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agentsagents
 

for MRI for MRI diagnosticsdiagnostics

Without CA

With extracelularextracelular
Gd(III) CA

With angiographicalangiographical
Gd(III) CA



Interaction ofInteraction of
 

the water moleculesthe water molecules
 with the gadoliniumwith the gadolinium((IIIIII) complex) complex

Efficiency of contrast 
agent is expressed as 

relaxivityrelaxivity, , rr11
 

.
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Theoretical profile of Theoretical profile of relaxivityrelaxivity
at 20 MHz, 37 at 20 MHz, 37 °°CC

––log(log(ττMM
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((11H NMRD profile)H NMRD profile) T = 37 °C, 298τv = 40 ps, Δ2 = 1019 s−2, RGdH = 3.1 Å. 
The gray area shows the range of imaging fields currently used in clinics.
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relaxivityrelaxivity
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LigadsLigads
 

for MRI utilizationsfor MRI utilizations
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Magnevist®, Omniscan®, MultiHance®
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Structures of the ComplexesStructures of the Complexes

[[
 

GdGd((dtdtppaa))]]22––[[
 

GdGd(d(doottaa))]]––
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BifunctionalBifunctional
 

phosphinicphosphinic
 

acidacid
 derivativesderivatives

 
with optimal with optimal ττMM
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40 ns
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do3ado3a--pypyNNOO--CC
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The chemicalThe chemical
 

//
 

physical features that affectphysical features that affect
 

ττ
 RR

Slow molecular tumblingSlow molecular tumbling

IImmobilizationmmobilization
 

ofof
 

lowlow--molecularmolecular
 

GdGd((IIIIII) ) complexescomplexes

Covalent Covalent ––
 

linear carrier, linear carrier, sphericspheric
 

carriercarrier
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11H NMRD profilesH NMRD profiles
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Theoretical and experimentalTheoretical and experimental
 relaxivitiesrelaxivities

 
as a function ofas a function of

 
ττrr

Experimental relaxivities
 

(20 MHz, 25 °C) as a function of theoretical τR

 for Gn–PAMAM–[Gd(do3aPABn)(H2O)]x (full diamonds, Gn–JRx )
 and –[Gd(do3apyNO-C)(H2O)]y (open triangles, Gn–MPy ) conjugates.
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Advantages of our approach:Advantages of our approach:
• No need of working with silylesters
• TiO2

 

is
 

highly
 

stable
 

and
 

easily
 

preparable
 

in nanosize
• First complexation, then adsorption
• Formation of monolayer –

 
better surface definition

• Phosphonate
 

adsorbs buch
 

more stable than pyrokatechol

Anchoring ofAnchoring of
 

GdGd((IIIIII) complex) complex
 on TiOon TiO22

 
nanoparticlesnanoparticles



Anchoring ofAnchoring of
 

GdGd((IIIIII) complex) complex
 

withwith
 DOTADOTA--like like ligandligand

 
on TiOon TiO22

 
nanoparticlesnanoparticles

N

N N

N

OH

O

HO

O

O

HO HN

O

P
O

OH
OH

DOTAPPDOTAPP

I. Řehoř, V.

 

Kubíček, J. Kotek, P. Hermann,

 

I. Lukeš, J.

 

Száková,
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N. Muller, J.

 

A. Peters:  
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Anchoring oAnchoring off
 

GdGd((IIIIII) complex) complex
 on the TiOon the TiO22

 
surfacesurface

TiOTiO22

 

–
 

Degussa
 

(type P25, diameter 30 nm, specific surface ~ 50 m2/g)

TiO2

 

in H2

 

O and the suspension was sonificated
 in

 
an ultrasonic bath for 20 min.  Then, a solution

 of
 

a Ln(III) DOTAPP complex 2 in H2

 

O was added.
The pH of the obtained suspension was adjusted 
to 3.5 and then it was stirred at 70 °C for 3 days
followed by 4 h of cooling down.
The resulting

 
suspension was washed with water

and concentrated
 

on ultrafiltration
 

cell six times.

Qquantified
 

by ICP-AES:
The content of TiO2

 

was 10.0 g /L 
the adsorbed amount of the Ln(III)-DOTAPP 
complex was 52 μmol/g TiO2

 

. 
Surface is fully covered.



NMRD profiles NMRD profiles ofof
 

GdGd((IIIIII))--DOTAPPDOTAPP

Due to the uncommon shape of the NMRD 
profile an evaluation of the parameters

 
by 

fitting the profile was not possible. 

An NMRD profile, simulated using a τRH

 
value of

 
3

 
ms (from the Debye-Stokes-

 Einstein relation
 

for particles 30 nm) and 
with the other parameters the same as those 
of free Gd(III)-DOTAPP has a maximum 
which is of about the same magnitude as that 
observed for Gd(III)-DOTAPP

 
+

 
TiO2

 

.
 This suggests that the Gd(III) chelates

 
are 

effectively immobilized on the nanoparticles. 

The relaxivity
 

of the suspension increases upon increase of the temperature. 
This confirms that the relaxivity

 
is no longer governed by the rotational correlation time.

37 oC

25 oC



CCyclodextrinsyclodextrins

as ras rigidigid core core carriercarrier forfor middle middle MMrr ……
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Peptide Peptide couplingcoupling: ligand
 

–COOH to dendrimer
 

–NH2

Synthesis ofSynthesis of
 

conjugatesconjugates……

CD-NH2 + LL--COOHCOOH

O

H

H

OH

H
OH

H

H

NH

O

H
O

H

OH

H

OH

H

H

N
H

O

H

O H
HO

H
OH

H

H
HN

O

H

O

H

HO
H O H

H

H

HN

O

HO

H

HO

H

HO

H

H

HN

O

H

O

H

OH

H

O

HO
H

H

H
N

N

N

N

N

C

C

C

N

O

O

O

O H

O H

H O

O

O

O H

H OH

H
HO

HH

NH

O

N
N

N
N

C

C
C

N

O

O

O

HO

O H

O H

O

O

N
N

N
N

C

C

C

N

O

O

O
HO

O H

O H

O

O

N

N

N

N

C

C

C

N

O

O

O

HO

HO

O H

O

O

N

N

N

N

C

C

C

N

O

O
O

O H

H O

H O

O

O

N
N

N
N

C

C

C

N

O

O

O
O H

HO

H O

O

O

N

N

N

N

C

C

C

N

O

O

O

O H

O H

HO

O

O



AB-βCD
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11H NMRD profiles ofH NMRD profiles of
 

GdGd((IIIIII))DO3ADO3A--PPBnNBnN{CS}{CS}
 

conjugate with conjugate with ßß--cyclodextrinecyclodextrine
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Molecular mass (kDa): 0.6 6.5 50 5.55.5

β-cyclodextrine

rr11
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ComparisionComparision
 

ofof
 

PAMAM PAMAM andand
 

CD CD conjugatesconjugates



Multimodal ProbesMultimodal Probes
Dual ProbesDual Probes

Labelling
 

of Cells 

Distribution of the Cells in Organism



Dual ProbesDual Probes



PAMAM PAMAM dendrimersdendrimers
 

conjugatesconjugates

Fluorescent photomicrographs of Fluorescent photomicrographs of LangerhansLangerhans
 

islets labeled by G6.9F0.1Cislets labeled by G6.9F0.1C: a)a)
 

visualization of 
the contrast agent (green) and karyons

 
(blue); b)b)

 
highlighting of the a-cells (yellow-orange);

 c)c)
 

highlighting of the macrophages (yellow-orange); d)d)
 

highlighting of the b-cells (pink). Islets 
were incubated with 1 mm G6.9F0.1C (per GdIII) for 24 h. A typical size of the LIs

 
is 300 μm.

(cc) (dd)

(aa) (bb)



MRI MRI 



TargetingTargeting

Gd

Similar strategy would beSimilar strategy would be
 

applied applied 
for development of optical and for development of optical and 
combined imaging probes.combined imaging probes.



RRelaxometricelaxometric
 

parametersparameters
 

ofof
 GdGd((IIIIII))––DOTAPPDOTAPP

 
and related and related ligandsligands

DOTAPPDOTAPP 0.32±0.3 21±1 135±4 1.00±0.08 6.17

BPAMDBPAMD aa 0.37 17 88 1.18 5.3

BPAPDBPAPD bb 1.22 27 85 1.1 5.0

DOTADOTA cc 0.16 11 77 0.244 4.8

LigandLigand ΔΔ22
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Biodistribution
 of

 
177Lu-complexes

 
in Lewis

 rat
 

24 h after
 

injection
Lu-c1

Lu-c3

BiodistributionBiodistribution



SPECT/CTSPECT/CT
 

ImagingImaging
 

ofof
 

RatsRats

V. Kubíček, J. Rudovský, J. Kotek,

 
P. Hermann, L. Vander

 

Elst, R.

 

N. Muller, 
Z.

 

I. Kolar, H.

 

T. Wolterbeek,

 
J.

 

A, Peters, I. Lukeš: J. Am. Chem. Soc., 
2005, 127, 16477–16485.

1 h p.i. 24 h p.i.

177Lu-c1
75–80 MBq



PETPET

. 18F (110) min., 11C  (20 min.) –
 

cyclotron 
Combination

 
of PET

 
and MRI, PET and CT

68Ga (60 min.), generator
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