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Metals in medicine o®% I(CN2Y

B JAMES C. DABROWIAK Metals canbe useda theurapeutic and diagnosticagents

Gadolinium(lll)Jron(lll),Manganese(lljor MRI
Indium-111 and Copper64 for Positron emissiontomography

/'.
F A\

Sy Platinum(Iand Ru(ll ) to treat cancertumours

Zinc(ll)to treat the herpesvirus
EteX

o Io Io Do Do

Encapsulation!

Drawbacks of the treatment:
A Side-effectzaused by the systemic:distribution
A Low hydrolyticstability

A High reactivitytowards proteins-and other biomelecules




Nanocarriers N % ICN2Y

polymeric nanoparticles are one of the most widely used carriers Institut Catala

. de Nanoci&ncla
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Increaseof the encapsulationyield
Longlastingreleasetriggered
Excellenbiocompatibilityand biodistribution
Chemicaflexibility

X /,I" M “‘\\\ L
e
Polymer entrapment X( \L Polymer conjugation

X=leaving ligand
R= permanent ligand

\ Coordination polymers
Xin,, Wb
e

WL

<=
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Me
wx® W mb Saaaex Attachment to

polymer via
leaving ligand
. Attachment to
o olymer via
Wy ey .
permanent ligand
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Physical encapsulationin
polymer matrix

Xm, b Attachment to
e .
X’"'-M WL Reduction x® P\L polymer via

X |e‘L prodrug (higher
k oxidation state)

Stenzel et alProgress in Polymer Scieng@14 39, 1614



Crystallization

Agitation

Solvents

ligands
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Synthesis

Flexible ligands and out-of-equilibrium conditions de Nanociancia
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Size/stability control
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Amorphous nanoparticles with controlled dimensions and stable colloidal suspensions Institut Catald
de Nanoci&ncia

i Nanotecnologia

mean size: $80 nm /\ by diffusion

(no sturing)
mean size: 311 nm A
mean size: 152 nm /-\_
400 rpm

mean size: 1150m

mean size: 95 nm /\

600 rpm

800 rpm

mean size: 78 nm

1000 rpm

mean size: 55 nm

100 1000 (nm)
Particle size

Angew. Chem. Int. Ed. 2008, 120, 1883-1886



Precedents K‘\ o®% |[CN2°

A very successful strategy based on both coordination polymerization and precipitation in a poor solvent to it Catald
n

produce crosslinked metal-organic spheres \ de Nanocincia
o i Nanotecnologia

Coordinationinduced Formationof SubmicrometeiScale,
Monodisperse, Spherical Colloids of Organiclnorganic
Hybrid Materials at RoomTemperature

1 M= 20" Zn-BMSB 2a M= 20" R = COM Zn~BMSB-2n 30, Mand W' = Zn"" R = CO;
15, M= O™ Cu=BMSSE 20, M = 0", R« COM Cu=BMSE~Cu 30, M and W' » Cu'* R = CO;
fe, Mo N NI-BMSB 20, M= N7 R = COM N-BMSEB-NI 3¢, M and W' = N R = CO;°

BNMSB 24 M= 2n" Re M
L = pyridine, water

Mirkin et al., Nature 2005, 438, 651 Wang et alJ. Am..Chem. S@&005 127, 1310213103
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Intensity (Percent)

Pt(1V)-COOH

1Cellviabilityin the presenceof the indicatedcompoundandreferredto Ptconcentration DatashownaslC50 + SE
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1Go(> @t 1Go(> @'
Cell line Pt(IV) prodrug Pt(IVYNCPs Pt(IV) prodrug Pt(IV}XNCPs
HelLa >1000 250+ 35 431+82 129+ 27
MCF7 >1000 249+ 64 296+ 31 59+8
HePG2 >1000 316+ 69 624+ 174 199+ 39
(BEM17 907+ 20 218+21 494 + 66 133+8
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Table3. PtUptake in different cell linesafter 6 h treatment with Pt(IV)prodrugor
Pt(IV}INCPst 75uM .
fg Pt/cell
Cell line Pt(IV) prodrug  Pt(IV}NCPs Collaboration wit Dr. Julia Lorenzo, IBB-UAB
HelLa 11.1+£2.9 9.1+35
MCF7 6.3+1.8 5.9+2.0
(BEYM17 5.5+3.3 6.0+4.0

Datashownas meant SDof three independentexperimentperformedin triplicate.

Table4. Ptboundto DNAafter 6 h treatmentwith Pt(1V)prodrugor Pt(IV}INCPst 150 >M.

fg Pt/ng DNA
Cell line Cisplatin-Pt(lly}  Pt(IV) prodrug Pt(IVYNCPs ’
HelLa 47.1+13.4 8.1+£0.7 11.9+24
MCF7 39.8+11.1 55+0.7 7.0x1.4
(BEYM17 57.9+33.6 48+1.6 8.9+2.4

Datashownas mean+ SDof three independentexperimentgerformedin triplicate.

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



Pt(IV)-Catechol
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C57BL/6J mice bearing'GL261 tumors
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Cancers. 2022, 14 (2), 410
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Pt(IV)-Catechol
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pH-sensitive!!!
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Submitted. 2022,
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fg Pticell

Pt(IV)-Catechol
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MRI imaging

H H
Caffeic acid l:u-hgand CD'D Coo COOH
NCPs syste C ¢
V-Pot.
(PBS) (PBS) (PBS+BSA) (PBS+BSA
HO
455 9732 -31.2  56:21  -19.1
i o !3 82 g o
by . ' )ko ‘:HZD L‘*—*’o OVLN S
' ‘ _ .‘ oo
) Fe (I}
Acatate | Gd (IIl)
M (11} |
EN/> Bix linker ligand \. \
HOOC HOOC

Room temperature !
Mon-pressure conditions |

Water

In atypicalexperiment,an agueoussolutionof M(CHCOQO) xHOwasadded
to an ethanolic solution combiningtwo co-ligands 3,4-dihydroxycinnami
acid (dho), and 1,4-bis(imidazoll-ylmethyl)benzene(biX). After vigorous
stirring at room temperature, a precipitate that was then collected by
centrifugation washedseveratimeswith ethanol,anddried undervacuum




Characteristics

Agarosel%solution

IN VITROHeLa cell viability &4 h(a) and72 h(b).

a) 1104 ] 7 24h | b) 1101
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25
. I Control
Tolerability 0.03 to 0.6 mmol
Fe/ngver);/tho n=3 mice [ (0.2 mmol Fe / Kg] T=24h
B (0.2 mmol Fe / Kg] T=2min
20 — . -
Control (PBSadded with 0.5 mM [ [0.4 mmol Fe / Kg] T=24h
MouseSerumAlbumin(MSA)) I (0.4 mmol Fe / Kg] T=2min
15 4

30dayd

10

ug Fe / mg protein

r,=5.3mM1s! (GADTPA, = 4.4 mM s?)
r,=10.9mM* st (GdDTPA, = 4.6 mM s?)

Tumor Brain Heart Spleen Lungs Bladder Kidneys Liver

: Better T1 contrast and dual T1/T2 contrast agent
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MRI imaging IN VIVO % ICN2Y
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© Target Mice with tumor GL261 (BBB broken)
e \WeightedT1 and T2 images

© Comparative studyith commercial contrast agenGadopenteticacid Magnevist®
based on Gadolinium)

19



MRI imaging IN VIVO

Tilw

Three Tlw and three T2w
images were acquired before
the CAinjection

Pre-injection

\

Q'.\\' }///

T1 max after
injection

Alternated Tlw ¢ T2w imageswere
acquiredcontinuouslyduring 30 minutes
after CA administration, resulting in a
total of 15framesfor Tlw and 15 frames
for T2w images

T2w

Tiw/T2w
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Summary

/ GreateraccumulationTl maximumat 9.4+1.1 min and T2 minimumat 5.3+1.1 min. ( 6.1+£1.1 min.
and2.6£1.1 minfor Magnevis} dueto the EPReffect

/ EnhancedRCET1w 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
decreasewvasobservedfor Magnevisj

/ Simultaneousexploration: T1 and T2 RCEat a reasonablyshort time frame in the preclinical
glioblastomamodel (between3.95 and 10.72 min after administrationfor maximumTL1/T2 effect),
allowingto obtain both datatypesin the sameexploration

ACS applied materials & interfaces 2018,10 (45), 38819

% [CN2Y
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PET tomography
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i i kidneys
; badder ; ﬁ

0.10 2 .6 1.70 6.18 27.70

3000

bladder

SUV (g/mL)

BN In-MPN-PEG mm In-MPN-FA Time (h)

36.08

18.04
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Theranostics
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encapsulation of CPT antitumoral applications. .G.
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CCICIH COOH COOH
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OH o 0 0.0
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Drug release

Different families of fluorescent drugs

Campthotecin (CPT)

QH

Hidroxycampthotecin (SN-38)

154 —— CPTinEtOH (2, =355nm) 154
CPT/Zn(bix) (A, =355 nm)
—~ 1.0 4 —~ 1.0
S
8 s
~ 054 " 05
0.0 0.0

T . T % 1 L2 T L2
400 500 00 700 800
A (nm

| — Sn-38/Zn(bix) (A =450 nm)

Sn-38 in EtOH (A, =450 nm)

Sn-38/Zn(bix) (A, = 355 nm)

|l J T % T o T \4
400 500 600 700 800
A (nm)

Encapsulatioryields10-20%

Doxorubicin (DOX)

NH.

Daunorubicin (DAU)

g

—— DOX in EtOH (__ =490 nm) 154 ——DAUinEtOH (»__ =490 nm)
—— DOX/Zn(bix) (2., =490 nm) —— DAUIZn(bix) (i =490 nm)
DOX/Zn(bix) (%, =355 nm) 0 DAU/Zn(bix) (% =355 nm)

ok
8
05+

T v T v T v T 1 00 | v 1 3 T A T y

400 500 600 700 800 400 500 600 700 800
A (nm) A (nm)

o®% I(CN2
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Release process

In vitro release profile of DOX and-88lfrom DOX/Zty{x) and SN88/Zn(ix) spheres incubated
in pH 7.2 PBS at 37 °C.

% |CN2Y
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pH 7.4 PBS at 37 °C.

100
,.———l—__:__,__...—-——“" L
4 . )
Degradation
80 -
)
&
< 60+
©
9 c Doxorubicin (DOX) Hidroxycampthotecin (SN-38)
o 405 SN Y
i eereL e
= we® O o 0., CHy
& | CL. N

Time (h)

Chem Commun,201Q 46, 47374739
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Citoxicity CPT@CPPO-Fe . o®% I|CN25

half maximal inhibitory concentration (IC50) L de Nanociéncia

\x i Nanotecnologia

Sevenfold drug-efficacyrincrease!

100 N 100 1
-~ 80N 24h SR 72h
2 a - :
; 60 ; . 18.52 ng/mL ;I 60 "
E 40 ' x cPt '5 40 7.37 ngimL
E 2 2.79 ngimL CPT@CPF 5 20 o ' . CPT
0 0| 1.6 ngmL o erTecrr
0 20 40 60 80 100 120 0 20 40 60 80 100 120
CPT concentration (ng/mi) CPT concentration (ng/mi)

mammary humane adenocarcinoma: MCF7 cells

Chem. Eur. J. 2014, 20, 154431 15450
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Encapsulation
hybrid SPION@CPPs
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Addition of an aqueoussolution of Zn(NCB)2-6H20 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 Znpix) sphereswere then purified by centrifugation and washed
severatimeswith ethanol,andfinallyredispersedn ethanol

Angew. Chem. Int. Ed2009 48,2325
30



Multiencapsulation

Angew. Chem. Int. Ed2009 48,2325

—h
N

-

Fluorescence emission (arb. u.)

1500

QDs&fluorescein@ZnBix spheres in EtOH
(A, =355 nm)
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50 600 700
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Functional ligand ‘o ICN2°




Tuneable release

prodrug ligands
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Entrapped into
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Chem. Eur. 2013 19, 1750817516
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Fe (II)
Acetate | Gd (Il

M
Mn {11} [ > .
Bix linker ligand

N

Retroviral Functionalization o®% |CN27
COOH COOH COOH Institut Catala
Caffeic acid coqigand d\:ﬁ d C\;\ Fﬁ. I':Iunnt:;b;g:h
0 N ] w0 . /:‘7 N \Nﬁ.
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Antiviral effect

Cell viability of different concentrations on Hiected MF2 cell culture

Q
N

3 days 4uMm b) - = 4 uM

o
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The antiviral effect of the compounds was indirectly measured as an increase in cell viability (increase in absorbanua)at 620
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Cellular uptake % [CN2°
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a) 120+ Bl catAZT-NCPs 40
Bl AZT % W Azt
1001 o 3.5 B catAZT
2 g 30 B catAZT-NCPs
= 801 @
2 g 25
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8 601 = 20
>
e <
3 40- g 13
=
20+ §
s 05
c
0' - 0.0 L L £ %
© \Q %Q ,\"]f) ‘f’Q O)QQ 100 uM 200 uM 500 uM 1000 uM
Concentration (uM)
b) Ournanoparticlesalsoallow for:

A anenormousdecreaseof its citotoxicty

A a remarkable colloidal stability, both worth to
improvethe biodistribution

Blank 1 5 10 25 A Betterinternalization




Surface functionality: :“'o |CN2
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 pbars are 20 mm

Control

| ¢xc=488 nm

Confocal Laser Scanning Microscopy in vitro images of HelLa cells treated for 2 h
ChemNanoMat 2018, 4 (2), 183-193 with NCP3-FITC-A568 and non-functionalized NCP3 (control).



Cellular uptake o®% I(CN2
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mammary humane adenocarcinoma: MCF7 cells

Quantitative

1. MCF7 cellsincubatedwith 100mg.mL?* of CPP$or 24 hoursandlysedin PBS1%SDS
2. Thecelllysatewasquantified in a spectrofluoremeter

3. Therelative cellinternalizationof the nanoparticlesvas40%
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