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Functional coordination polymers at the 
nanoscale: old materials new tricks
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Where are we?
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Work @ Nanosfun
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Metals in medicine

Metalscanbe useda theurapeuticanddiagnosticagents:

Å Gadolinium(III),Iron(III),Manganese(II)for MRI

Å Indium-111andCopper-64 for Positronemissiontomography

Å Platinum(II)andRu(II,III) to treat cancertumours

Å Zinc(II)to treat the herpesvirus

Å EtcΧ

Å Side effects caused by the systemic distribution

Å Low hydrolytic stability

Å High reactivity towards proteins and other biomolecules

Drawbacks of the treatment:

Encapsulation!



Nanocarriers 
polymeric nanoparticles are one of the most widely used carriers
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Stenzel et al. Progress in Polymer Science. 2014, 39, 1614

Coordination polymers

Increaseof the encapsulationyield
Longlastingreleasetriggered
Excellentbiocompatibilityandbiodistribution
Chemicalflexibility
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ligands
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Inorg. Chem. 2014, 53 (16), 8742-8748
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Crystallization
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Synthesis
Flexible ligands and out-of-equilibrium conditions

.

Dalton Transactions 2016, 45 (28), 11233
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Size/stability control
Amorphous nanoparticles with controlled dimensions and stable colloidal suspensions
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Angew. Chem. Int. Ed. 2008, 120, 1883-1886



Precedents
A very successful strategy based on both coordination polymerization and precipitation in a poor solvent to 
produce crosslinked metal-organic spheres

Wang et al. J. Am..Chem. Soc. 2005, 127, 13102-13103

Coordination-InducedFormationof Submicrometer-Scale,
Monodisperse, Spherical Colloids of Organic-Inorganic
HybridMaterialsat RoomTemperature
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PublicationDate: July-2020 Coord. Chem. Rev. 2021, 441, 213977 Coord. Chem. Rev. 2021, 432, 213716
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Pt(IV)-COOH
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+ Zn(NO3)2+
Aq. Ethanol

CPP1

DSCP salt

Bix

Drug

24 h

IC50 (˃a)
1

72 h

IC50 (˃a)
1

Cell line Pt(IV) prodrug Pt(IV)-NCPs Pt(IV) prodrug Pt(IV)-NCPs

HeLa >1000 250 ± 35 431 ± 82 129 ± 27 

MCF-7 >1000 249 ± 64 296 ± 31 59 ± 8 

HePG2 >1000 316 ± 69 624 ± 174 199 ± 39 

(BE)-M17 907 ± 20 218 ± 21 494 ± 66 133 ± 8 
1Cellviabilityin the presenceof the indicatedcompoundandreferredto Ptconcentration. DatashownasIC50± SE.

Pt (% 

w/w)

Zn (% 

w/w)

21.25 7.12



Table3. PtUptake in different cell linesafter 6 h treatment with Pt(IV)prodrugor

Pt(IV)-NCPsat 75µM .

fg Pt/cell

Cell line Pt(IV) prodrug Pt(IV)-NCPs

HeLa 11.1 ± 2.9 9.1 ± 3.5 

MCF-7 6.3 ± 1.8 5.9 ± 2.0 

(BE)-M17 5.5 ± 3.3 6.0 ± 4.0 

Datashownas mean± SDof three independentexperimentsperformedin triplicate.

Table4. Ptboundto DNAafter 6 h treatmentwith Pt(IV)prodrugor Pt(IV)-NCPsat 150 M˃.

fg Pt/ng DNA

Cell line Cisplatin -Pt(II)- Pt(IV) prodrug Pt(IV)-NCPs

HeLa 47.1 ± 13.4 8.1 ± 0.7 11.9 ± 2.4 

MCF-7 39.8 ± 11.1 5.5 ± 0.7 7.0 ± 1.4 

(BE)-M17 57.9 ± 33.6 4.8 ± 1.6 8.9 ± 2.4 

Datashownas mean± SDof three independentexperimentsperformedin triplicate.

Chem. Eng. J. 2018, 340, 94-102

Collaboration wit Dr. Julia Lorenzo, IBB-UAB

Pt(IV)-COOH
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Cancers. 2022, 14 (2), 410

Pt(IV)-Catechol
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Submitted. 2022, 

Pt(IV)-Catechol

IC50 (µM)a

Cell line (24h) Cell line (72h)

Compound HeLa GL261 HeLa GL261

Pt-Fe NCPs  31.45 ± 1.10 13.48 ± 0.90 2.56 ± 0.63 2.00 ± 0.18

Complex 1 29.94 °1.04 17.40 °1.08 1.85 °0.36 4.17 °0.12

Cisplatin 15.98 °1.04 5.61 °0.28 2.34 °0.30 2.16 °0.26
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pH-sensitive!!!!



Pt(IV)-Catechol
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Submitted. 2022, 

In vivo: biodistributionand tolerability



In a typicalexperiment,anaqueoussolutionof M(CH3COO)2·xH2Owasadded
to an ethanolic solution combiningtwo co-ligands: 3,4-dihydroxycinnamic
acid (dhc), and 1,4-bis(imidazol-1-ylmethyl)benzene(bix). After vigorous
stirring at room temperature, a precipitate that was then collected by
centrifugation,washedseveraltimeswith ethanol,anddriedundervacuum.

NCPs system {ƛȊŜ όƴƳύ ŀƴŘ ˅-potential (mV) 

SEM DLS 
(PBS) 

˅ -Pot. 
(PBS) 

DLS 
(PBS+BSA)

˅ -Pot. 
(PBS+BSA) 

Fe-NCP 45 ± 5 97 ± 32 -31.2 56 ± 21 -19.1

MRI imaging
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BULK NANOPARTICLES
Characterization

Characteristics
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IN VITRO: HeLa cell viability at 24 h(a) and 72 h(b).

Tolerability 0.03 to 0.6 mmol
Fe/Kgevery2 h to n=3 mice.

Control (PBSadded with 0.5 mM
MouseSerumAlbumin(MSA)).

30 days!

Agarose1%solution

r1 = 5.3 mM-1 s-1   (Gd-DTPA r1 = 4.4 mM-1 s-1 )

r2 = 10.9mM-1 s-1 (Gd-DTPA r2 = 4.6 mM-1 s-1 )

: Better T1 contrast and dual T1/T2 contrast agent  



BULK NANOPARTICLES
Characterization

MRI imaging IN VIVO

Target: Mice with tumor GL261 (BBB broken)

WeightedT1 and T2 images

Comparative study with commercial contrast agent: Gadopenteticacid (Magnevist® 
based on Gadolinium)

CPP-Fe

Magnevist®
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MRI imaging IN VIVO

20

Alternated T1w ςT2w images were
acquiredcontinuouslyduring30minutes
after CA administration, resulting in a
total of 15framesfor T1w and15 frames
for T2w images.

Three T1w and three T2w
images were acquired before
the CAinjection



GreateraccumulationT1 maximumat 9.4±1.1 min andT2 minimumat 5.3±1.1 min. ( 6.1±1.1 min.
and2.6±1.1 min for Magnevist) due to the EPReffect.
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EnhancedRCE:T1w relative contrast enhancement(RCE)(317.4±9.4%) was notably superior to
those observedwith Magnevist (250.9±3.1% ). Notable T2w signal (26%) decrease(no signal
decreasewasobservedfor Magnevist)

Simultaneousexploration: T1 and T2 RCEat a reasonablyshort time frame in the preclinical
glioblastomamodel(between3.95and10.72 min after administrationfor maximumT1/T2 effect),
allowingto obtain both data typesin the sameexploration

Summary

ACS applied materials & interfaces 2018,10 (45), 38819
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PBS / r.t.

PET tomography
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Greateraccumulation.

RetentionBiodistribution:
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ACS Appl. Mat. Interf. 2021, 13 (9), 10705

In-MPN-FAIn-MPN-PEG

Dr. Cristina RodriguezProf. Urs Hafeli



BULK NANOPARTICLES
Characterization

Theranostics
encapsulation of CPT antitumoral applications.
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Encapsulationyields10-20%

BULK NANOPARTICLES
Characterization

Drug release
Different families of fluorescent drugs

27
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BULK NANOPARTICLES
Characterization

Release process
In vitro release profile of DOX and SN-38 from DOX/Zn(bix) and SN-38/Zn(bix) spheres incubated 
in pH 7.2 PBS at 37 ºC. 

pH 7.4 PBS at 37 ºC. 

1h 4h

8h24h

Degradation
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u
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Chem. Commun. , 2010, 46, 4737 - 4739 
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BULK NANOPARTICLES
Characterization

Citoxicity CPT@CPP0-Fe
half maximal inhibitory concentration (IC50)
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Chem. Eur. J. 2014, 20, 15443 ï15450

mammary humane adenocarcinoma: MCF7 cells

Seven-fold drug efficacy increase!



 

Angew. Chem. Int. Ed. , 2009, 48, 2325

Addition of an aqueoussolution of Zn(NO3)2·6H2O to an ethanolicsolution of bix (in a 1:1 molecular
ratio) with vigorousstirring at room temperature. After 5 minutes,ethanolwasaddedto the reaction
mixture to stabilizethe particles. Zn(bix) sphereswere then purified by centrifugationand washed
severaltimeswith ethanol,andfinallyredispersedin ethanol.

BULK NANOPARTICLES
Characterization

Encapsulation
hybrid SPION@CPPs
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Angew. Chem. Int. Ed. , 2009, 48, 2325

Multiencapsulation
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Functional ligand



Chem. Eur. J , 2013, 19, 17508ς17516.

BULK NANOPARTICLES
Characterization
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Tuneable release
prodrug ligands



BULK NANOPARTICLES
Characterization

Retroviral Functionalization

36



BULK NANOPARTICLES
Characterization

Long lasting releaseé
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P3 laboratory @ Clinic Hospital



BULK NANOPARTICLES
Characterization

Antiviral effect 

36

Cell viability of different concentrations on HIV-infected MT-2 cell culture 

The antiviral effect of the compounds was indirectly measured as an increase in cell viability (increase in absorbance at 620nm) 



BULK NANOPARTICLES
Characterization

Cellular uptake

Ournanoparticlesalsoallow for:

Å an enormousdecreaseof its citotoxicty
Å a remarkable colloidal stability, both worth to

improvethe biodistribution
Å Better internalization
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Confocal Laser Scanning Microscopy in vitro images of HeLa cells treated for 2 h 

with NCP3-FITC-A568 and non-functionalized NCP3 (control). 38ChemNanoMat 2018, 4 (2), 183-193

Scale bars are 20 mm.

lexc=561 nm lexc=488 nm lexc=405 nm

Alexa Fluor 568 Fluorescein isothiocyanate

Surface functionality: 
Dye/dual mode



BULK NANOPARTICLES
Characterization

1. MCF-7 cellsincubatedwith 100mg.mL-1 of CPPsfor 24 hoursandlysedin PBS-1%SDS
2. Thecell lysatewasquantified in a spectrofluoremeter

3. Therelative cell internalizationof the nanoparticleswas40%

Quantitative

Cellular uptake
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mammary humane adenocarcinoma: MCF7 cells



Take home 
message
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@Nanosfun_ICN2

www.nanosfun.com

NANOSFUN RG

dani.ruiz@icn2.cat
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