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Superparamagnetické nanocastice
pro diagnostiku a terapii
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Magnetismus

O nenulovy spinovy moment elektronu

O AO - pérovani elektront — Pauliho princip

O vlastnosti materidld
- diamagnetické
- paramagnetické
- ferromagnetické

O Curieova teplota feromag. ¢

Magnetické nanocastice
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O superparamagnetismus

O 2-300 nm; obv. 50 nm (magnetické jadro 2 — 20 nm)
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Magnetické nanocastice

O maghemit (yFe,05), magnetit (Fe;0,)
O komercné dostupné, klinicky testované :

O piiprava
- termalni rozklad org. prekurzor(
- spolusrdzeni z homogenni faze
- mikroemulzni techniky
- 2-20nm

O video (wifi

MagNP — povrchova modifikace

Tiefenauer, L.X., et al., Bioconjugate Chem., 4, 347, 1993

a

O biokompatibilita, cileni

Antigen

Magnetie core

Camoufiage

0.9, poyman)

Complement
C4 recapter

MagNP — povrchova modifikace

Materials used for coaeing or encapsulating SPIONs and thelr appcations.

Materiah used Size and size distribution_Appications Advantages

Amorphous sikca 20-200 8 broad salaion of BiomOlUles, €5, genomic and  Does NOf Fequire any Organic solwets and eliminxes
plaseiid DIVA. extraction of nuckic acds. the beed o the repeated centrfagarion, vacuum
from i, drug dedvery, extraction of phenolic itration of colume s pasatio

Mesoparous sisca 10-300 m broad Coatrolled drug delivery.removal of mercury  Uniloem pore size arge surface ases, nd high
from industial eflvers, suppert for enzyme  accessible pore volume.

Polyethylene dycol (FEG) 10-50 sen, narsow I ivo NMK imagieg.in wvo contrasing. Improves the biscomparibilty, Hood dirculisas time
and inemalization efficency of the NP, easy 10

Polyvinyd scobed (FVA) 1050 rem, namow - w

moncdaperse partides
Enhances the blood circulation time and stabilises

Polyviny! pyrolidine (V] 10-20 een. narrow Coatrasting and drug delvery
the collods) zokion

Palyacrye acid ~250 nm, narrow Targes thrombolysis with recombinant Increases the stability and blocompatiblcy o the

tissue plasminogen activatss pasticles and alo belgs in bioaheson

Cetd Stable snd

Falystyrene 10-20 7o, ramow 2 po e
Polymethyl mechaacrytate  10-50 s, narow DNA sepscation and ampliication Novel simpie and labour-saving; can be
applied in ssomaticn syserm(s) 1 xhieve Ngh
throughput detectionof single electide
Polydipymoledicarhazdle  20-100 o broad DNA Iybeidization Molecu lar diversity for engineering furcrional
PolyDRyr- /polyDCha shel outer Layersof magnesic
Ranocompesites
Ethyt cemulose 20-50 sen, broad Extraction of
tissues for a prolonged period of time
Chitosan 20-100 8 broad Tiwse engineeriog. hyperthermia A natural cationic Bmear polymer that i widely used
5 non-viral gene delivery system, biocompatble.
drophilic, used in agriculture, bod, medicie,
blotechnelogy, textiles, polymers. and water treasment
Dextran 10200 8m namow  bolusion of £ col, drug delivery, imagiog  Enhances the blood circulation time. stabilises the

Aplikace

Mahmoudi et al,, Advanced Drug Delivery Reviews 63 (2011) 24-46

O MRI
o cileny transport lé¢iv

O magneticka hypertermie

O biomagneticka separace
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1. MRI (Magnetic Resonance Imaging)

O Superparamagnetic iron oxide nanoparticles (SPIONs, SPI1Os)

O ferromagnetické Castice <15 nm = superparamagnetické

O orientace dle vnéjsiho pole

O vyssSi magnetizace neZ u paramagnetickych

O superparamagneticky materidl ovliviiuje relaxaci magnetického
spinu jadra atomu vodiku z vody

SPIONs
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MaterialsToday. 2011, 14, 330

Relaxace vektoru magnetizace
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FIGURE 19.1 Graphic representation of the two types of magnetic relaxations. (A) A nuclei of protons are
aligned due to an external magnetic field, and after applying a RF pulse, protons tend to relax. () Longitudinal
relaxation time (T,). (C) Transverse relaxation time (Ty). (Figure adapted from Cheon, J. and Lee, J.H., Acc. Chern.
Res., 41, 1630, 2008.)

O sledovéni rychlosti relaxace T, a T,

Tkan ca.T,vms ca.T,vms
Tukova tkar 240-250 60-80
Krev neokyslicend 1350 50

Krev okysli¢ena 1350 200
Mozkomi$ni tekutina

(jako Cistd voda) 4200 - 4500 2100-2300
Sed4 hmota mozkova 920 100

Bila hmota mozkové 780 90

Jatra 490 40
Ledviny 650 60-75
Svaly 860-900 50

http://en.wikipedia.org/wiki/Relaxation_(NMR)
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Princip relaxace Princip relaxace

O Dva pfispévky k T, a T,

2. Brownova doba relaxace 73

1. Neélova doba relaxace 7, 377V
KWV TB = =
o ek KgT
INn=T1
n viskozita
. Konstanta Vi, hydrodynamicky objem
0 ) ) ke Boltzmanova konstanta
Ky anisotropni konstanta T abs. teplota
\ objem castice
Kg Boltzmanova konstanta
T abs. teplota
M 14 W 7w
Efektivni relaxacni Cas MRI
o efektivni relaxacni ¢as 7 O aplikace
1 1 — travici trakt (300 nm)
rT=—+4— - jatra, slezina (40 — 150 nm)
T T - rakovinna tkar (20 — 40 nm)
N B - pratok krve mozkem, srdcem (<20 nm)
O Neélova doba relaxace 7, vyznamnd pro malé NP a vyssi frekvence

O Brownova doba relaxace 7; vyznamnad pro velké NP a nizi frekvence
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MRI

cirhoza jater

bez SPIONs

se SPIONs

MRI pro pifekonani BBB

(blood brain barrier = hematoencefalicka bariéra)
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Fig. 7 Exvivo opticalimaging and in vivo MR imaging of brain tumors
from amouse treated with Cy5.5 labeled SPIONS (left) and an untreated

mouse (right). The optical spectrum gradient bar corresponds to increasing

Fluorescent intensity. The color gradient bar for MR images corresponds to

increasing r,values. Adapt i 20

Association for Cancer Research. Veiseh, O_ et al. Cancer Res (2009) 69(15), 6 200.

MRI

Commercialzed SPONs.
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Oiagnostics Bosensors
Dexter Magnesic Techeologies
Oceim Nanceech

mego
Ietegrated Engineering Software

EMD chemicals
sense

(Advanced Magnesics

stapoc
Miltenys Biotec

Iewitroge and Dynal Biotech
(bought by Invierogen in 2005)

www secellom
www microewd de

o chemicellcom
wow magrisense com

emironmental prowction

. dexte g o
www oceserarotechcom

wwwntegraedsoftcom

eshopemdchemicalscom
ww magsecselfesct o

www rsbobeids com

wivw rarothercs com
W sepenag eu

www maghorce de
worw. amagpharma comn

ww estzpoe com
wow milsyibloteccom

Bomsgetc wparion
Synthess, production a5 well 5 RAD of magnetic NPs
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Mahmoudi et al., Advanced Drug Delivery Reviews 63 (2011) 24-46

2.

MPI (Magnetic Particle Imaging)

o

o

Superparamagnetic iron oxide nanoparticles (SPIONs, SPIOs)

sloZita topologie generovaného magnetického pole

oblast saturace a oblast nulového pole

excitace a detekce signalu z oblasti nulového pole

rychlé proméreni velkého objemu vzorku (mozZnost 3D zobrazovéni v
realném case)
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MPI

O FFP = field free point

s e

i e c

MPI

O uzkd oblast, kde NP nejsou saturovany vnéjsim polem

in all three spati

detected by a respective rec

reception.

n animal support. The bore diameter is 32 mm. The selection field is genes
nagnets and the coil pair in the = d

ion. The drive field coils can

h spatial component of the magnet
n, the drive field coil is also used fo

Zobrazovani magnetickych NP

O prenos vySetfovaného zvifete v kyveté — kombinace zobrazeni
rdznymi technikami (MRI, MPI, PET)

J. Mater. Chem. B, 2015,3, 939-958

http://capi.If1.cuni.cz/en/in-vivo-imaging-capillf

3. Cileny transport 1éCiv

Various SPIONs-assisted drug delivery systems

Coating Delivery system Drug tested Examination route
Carben Aqueous media Carminomycin and rubomycin  In vwvo (Rat)
Injected into the tail vein
Anbydroglucose Adqueous media Epinubicin In vivo (Human)
Intravenous injection
Phosphated Tarch Aqueous media Mioxantrone i vivo (Mice)

Polylactic-co-gycalic acid)

Amphiphilic block copotymers of maleimide-
tenminated poly{ethyleneglycol)-blodk
polyfoa-lactide) and methoxy-terminated
poly-(ethylene glycol)-block-poly(ox- actide)

Albumin

Polyethylene ghycol fumarate

Oleic acid

Oleic acid-Pluroaic

Poly(acrytic acd)

None

Chitosan, O-casboxymethykhitosan and
(N-succinh-O-carboxymethyichitosan

Poly{lactic acid) and poly(lctic-co-glycolic acid)

silica
Cross linked chitosan

Microspheres and microcapsules

Muktifunctional polymeric miceBles  Doxorubicin in wiro
Microspheres Doworubicin in viero
Aqueous media Tammoxien In viero
Aqueous media Doxorubicin and pactimxel I viero
Aqueous media Doxorubicin n viero
Aqueous media Taxol i viero
Porous hollow nps Cisplatin In viero
Aqueous media Campeothecin. In vitro
Microspheres Interferon alpha-2b

Hollow mesoporous sphere
Microspheres

The magnetic NPs were injected either
nto the femoral artery clase to the
fumour of intravenously

Dexamethasone acetate I viero and fn vivo (intra-articular)

Ibuproten In viero
Aspirin in vero

Mahmoudi et al., Advanced Drug Delivery Reviews 63 (2011) 24-46
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Cileny transport 1éCiv

Magnetic Field

!J - Body surface

Arterial Feed to
Quuolmgans MTC 7

Cileny transport 1éCiv

Epichlorohydrin

NaOH
Crosshinked iron axide
nanoparticles (CLIO)
Dextran coated iron oxide
nanoparticles (MION)
Targeting
agent
Ny MCyss
(2 Targeting
agent
Aminated CLIO Magnetic and fluorescent
LIO-NHy) CLIO-Cy5.5 nanoparticles
FIGURE 20,1 Schematic. Synthesis of iron oxide nanoparticle-based multifunctional magnetic and fluorescent
nanoparticles CLIO-Cy5.5. Handbook

4. Magneticka hypertermie

O stfidavé magnetické pole
O zvyseni teploty — kolaps krevniho fecisté
- $patny odvod tepla
- nedostatek kysliku a Zivin
- rozruSeni cytoskeletu
- naruseni funkce bunéénych proteinl

O t>45°C, 30 min ) L&

Aplikace magnetickych nanoc¢éstic

Nédor

Cileni MNP
mag. polem

Podani MNP,
cirkulace v krvi

Terapie stfidavym

mag. polem
Dalsi zpiisoby cileni: Terapie

1 - Uvolnéni léciva
2 - Hypertermie

1 - Pfima davkovani do rakovinné tkané
2 — Cileni specifickou protilatkou
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5. Biomagnetické separace

Biomagnetické separace

(a) o *
remove °
magnet tant
0o supernatan *
(b} ﬂuidlﬂow fluid ﬂow
magnétic —ETove
field ~----|£ 3 % / magnetic fi agnetic fiaid
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Imaging

Cell sorting




