26.02.2020

Nanomaterialy pro
bioaplikace a farmacii

prof. Vaclav Svorgik
doc. Kamil Zaruba

2020

Nanomaterialy pro bioaplikace a farmacii

kamil.zaruba@vscht.cz; lab. A232
= Nanocastice ve farmacii, Gvod

Polymerni nanocastice

Cileny transport léciv

Kontrolované uvolfiovani

Kvantové tecky

Magnetické nanocastice

Nanouhlik

prof. Svorgik
= ... bioaplikace

Nano, nano, nano...

10" m 10" m 10" m
o
L Ee

Nanotechnology is a technology involving (i) research & technology development
at the atomic, molecular or macromolecular levels, in length scale of
approximately 1-100 nm range, (i) creating & using structures, devices & systems
that have novel properties & functions because of their small and/or intermediate
size, & (iii) ability to control or manipulate on the atomic scale
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Mitochondrial ATP synthase
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http://textbookofbacteriology.net/themicrobialworld/Structure.html

http://www.molecularmovies.com/showcase/index.html|
http://www.mrc-mbu.cam.ac.uk/research/atp-synthase

Nanocastice ve farmacii

Vyvoj novych formulaci

nanoformulace
= zvySeni biodostupnosti
zvySenim rozpustnosti
zvy8enim permeability membranou (tkani)

nutnost prokazat shodu se schvalenou formulaci — zrychleny proces

bez Casové a financné naro¢nych testovacich fazi
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Vyvoj novych 1éka Vyvoj novych 1ékt (pokrac.)

nalezeni cile terapie (podstata onemocnéni) testovani v klinické praxi (faze 1,2,3, (4))

= geny (genomika, proteomika) = Faze 1: mala skupina zdravych dobrovolniku (test bezpecnosti,
farmakokinetiky, farmakodynamiky)

nalezeni lé&iva pro uréeny cil = Faze 2: vybrana skupina pacientu (test pozadovanych ucinkt)

= nové molekuly, nové pouziti ,starych* molekul = Faze 3: velka skupina pacientl (randomizované studie,

optimalizace struktury interference s jinymi Iéky, srovnani s pouzivanou metodou)

| |
= proteinova léCiva
| |

pfirodni zdroje schvaleni nového léku

testovani v laboratofi (bezpeénost, G&innost, testy in vivo), povoleni vyroba

pro testy na lidech

Vyvoj novych 1éka Vyvoj novych l1éki

extrémni naroky (intelektualni i ekonomickeé)
Eroom'’s law applies especially to neural drugs

nikdy poméze i nahoda Scannell, Nature Revs Drug Disc. 2012

uplatnéni nanotechnologie: nové formulace pro optimalni terapii, ale

i diagnostiku FDA tightens
00 regulation

post-thalidomide

FDA clears backlog

following PDUFA

regulations plus small

bolus of HIV drugs
I

First wave of
biotechnology:
derived therapies

Number of drugs per billion US$ R&D spending*
s
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PRE-DISCOVERY

PHASE PHASE
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Sinivas College of Pharmacy, Mangalore
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Preclinical (3-4 yrs) Clinical (4-6 yrs)

Srinivas College of Pharmacy, Mangalore

Approval (3 y

Nova lé¢iva

PR

@ N
@ Bl

New molecular entities (NMEs) and biologics license applications (BLAs) approved

Nova 1é¢iva — nanoformulace

Table9.4  Select list of marketed nanopharmaceutical products.

Commercial
Drug product name _Use
PEGylated lipssomes Doxorubicin Doxil® Cancer
PEGylatedbiologic  hGH (human Somavert®  Acromegaly

growth hormone)

Liposomes Amphotericin B AmBisome®  Fungal
infections
(antifungal)

NanoCrystal® Sirolimus Rapamune®  Transplant
rejection
prevention

SMEDDS [self- Saquinavir Forovase®  Viral

microemulsifying infections

drug delivery (antiviral)
systems)

PEGylatedbiologic  anti-VEGF (vascular Macugen®  Macular
endothelial growth degeneration
factor) aptamer

Albumin-bound Paclitaxel Abraxane®  Cancer

nanoparticles

Handbook of Clinical Nanomedicine: Nanoparticles,
Imaging, Therapy, and Clinical Applications Edited by Raj
Bawa, Gerald F. Audette, and Israel Rubinstein, kapitola 9
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Nova lé¢iva — nanodiagnostika Zakladni predbézné testy

Table9.3  Select list of marketed biomedical products that incorporate absorpce do krve

nanotechnology for diagnostic imaging, dental restoration, Ei
tissue engineering and vaccination. AEg L e . .
g3 8 distribuce v misté pisobeni
Commercial §§ 5
gog P P P .
Ninotsemolbgy, prodictngme Bliss 5§55 Gginné odbouravani a vylouéeni z organismu
Carboxydextran-coated Resovist® MRI contrast agent for i se
superparamagnetic iron diagnostic imaging g § § .
oxide nanoparticles g EE test toxicity
Ea
superparamagnetic iron Feridex LV.® MRI contrast agent for § 5 &
oxide nanoparticles diagnostic imaging = E g
s
Nanofiller ESPE Filtek® Dental restoration g §E
Nanostructured crystals NanOss® Advanced bone graft of :C" E §
Bioactive 3D synthetic human bone 8 50
(tissue engineering) § E’ %
ITEm

Virosomes Epaxal® Vaccination (Hepatitis A)

. e Registracni dokumentace
Ptedklinicky vyvoj (g 100 tis. stran)

testovani in vitro a in vivo administrativni ¢ast (vyrobce, slozeni, indikace, kontraindikace...)

optimalizace struktury technologicka ¢ast (slozeni léku, stabilita, vyrobni postup, kvalifikace
pracovnika...)

toxikologicka ¢ast (preklinické studie in vitro a na zvifatech)

klinicka dokumentace (klinické testy)
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Novy vyrobni postup

pfechod z malého na velké méfitko
nova vyrobni linka, rekonstrukce staré

spravna vyrobni praxe (GMP)

Nanopreparaty

vlastnosti nanomaterialu (fy-chem vlastnosti, u¢inek, vliastnosti

ovliviiujici bezpeéné aplikace)
biokompatibilita (interakce s télnimi tekutinami a tkanémi)
farmakokinetika, farmakodynamika

toxikologie (cytotoxicita, genotoxicita)

Nanofarmaka

Zakladni
/ vyzkum \
[
|

\
| |

| /

Charakterizace

Nanocastice pro farmaceuticky pramysl

>0

O @ 4

Handbook of Clinical Nanomedicine: Nanoparticles,
Imaging, Therapy, and Clinical Applications Edited by Raj
Bawa, Gerald F. Audette, and Israel Rubinstein, kapitola 9
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Nanocastice pro farmaceuticky prumysl

Dendritic Polymer-drug | Polymer-protein Polymeric Degradable
polymers ji j P micelles nanogels
(1.5-15nm) (5-15nm) S (10-20 nm) (40-60nm) & (20-100 nm) (20 - 200 nm)
10° 10°* 107m
e R R e e e o e o o
1nm 02 pum

di : & o
Nano-diag s and p s

Fig. 1__Multifunctional polymeric nanosystems under clinical consideration.

Nanocastice pro farmaceuticky primysl

Zhora dold (top-down):

mleti, mikrofluidizace

Zdola nahoru (bottom-up):

polymerizace (dendrimetry), sraZzeni a emulzifikace, superkriticka
fluidace, rozprasovani

Metody ,,shora dola*

Nanosuspenze, nanoemulze, nanomicely
Metody:

Vysokotlaka homogenizace

Nanomleti

Inverze fazi

Sonifikace

Mikrofluidace

Spolusrazeni

Current Drug Therapy, 2015, Vol. 10, No. 1

Nanocastice pro farmaceuticky pramysl

Ptiklad pfipravy polymernich NP

disperze pfipravenych polymeru
polymerizace monomeru
iontova gelace nebo vysolovani hydrofilnich polymera

vliv fyzikalné-chemickych charakteristik NP na vysledné chovani
(efekt velikosti, tvaru, povrchovych funkénich skupin atd.)
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Nanocastice pro farmaceuticky prumysl

Loading:

absorpce lé¢iva na (do) vytvofené nanocastice

inkorporace |éCiva do nanocastic jeho pfidanim do

reakéni smési (ad/absorpce)

vliv charakteru NP i [éCiva

vliv loadingu na vyslednou farmakokinetiku (ad/absorpce vs.
rychlé nebo zpomalené uvolfiovani; kontrola uvolfiovani)

Zakladni parametry nanocastic

distribuce velikosti a tvaru

struktura (krystalova forma, mira amorfniho
charakteru)

povrchové vlastnosti (povrchovy naboj, smacivost,
porozita, mérny povrch)
agregace

loading léciva, distribuce v objemu NP

uvoliiovani léciva

Metody charakterizace

Parameter

‘Conventional methods

Particle size, distribution and
particle morphology®

Dynamic light scattering

Phioton correlation spectroscopy
Scamning electron microscopy®
Transmission electron microscopy®
Atomic force microscopy®

Surface area. porosity
Surface charge, hydrophilicity

Gas adsorption
Electrophoresis

Zeta potential

Laser Doppler anemometry

Surface property

Static secondary ion mass spectroscopy
Mdssbauer speciroscopy

Surface element analysis

X ray photoelectron spectroscopy

Density Pycnometer
Molecular weight Gel or size-exclusion chromatography
Purity Spectroscopy. FTIR. NMR

Polymorphism. Crystalline form

X ray diffraction
Differential scanning calorimetry

Residual solvents

Gas chromatography

Drug release

Release testing
Turbidity

i Drug Deiivery, DeViliers M el al (Editors)_Springsr, 2009

Sirah RE_Khan MA_in

Mikronizace, ,,nanonizace

povrch vzroste d,/d, krat (3 000 / 100 = 30 krat)

30ti ndsobné

zmenseni
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Rychlost rozpousténi

Noyes-Whitney

dc
— =kS(c. —c
m (c,—¢c)

k - konstanta, S = povrch &astic 1éciva, c, - rozpustnost léciva
(koncentrace u povrchu), ¢, - koncentrace rozpusténého léciva v roztoku

Povrch vs. velikost ¢astice

Nanonized Micronized

M /9

Velikost povrchu

—

100 1000 10000 100000
velikost ¢astic (nm)

Oralni absorpce Spatné rozpustnych latek

nelplna absorpce kompletni absorpce

Zvysena biodostupnost
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-+ NanoCrystal® Tablet, 200 mg
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&as (h)

10



26.02.2020

Na velikosti zalezi

(podil atomil na povrchu)

s r S _6n’-12n+8 6 (|
Ve Ve WK
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o} 20 40 60 80 100

n (potet atomdi tvoifci hranu krychle)

Size Matters: Why Nanomaterials Are Different. Roduner E.: Chem. Soc. Rev 2006, 35, 583-592.

Na velikosti zalezi

(podil atomil na povrchu)

Fullshel Clusters Total Number  Surface Atoms
of Atoms )

1 8hell

@as

2 Shells
3 Shells 17 63
4 Shells 09 P
5 Shells s6l a5
7 Shells 1415 35

Source: Nanoscale Materials in Chemistry, Ed. K.J. Klabunde, Wiley, 2001

Na velikosti zalezi

(Zména teploty tani zlata na velikosti ¢astic)

1100
1000 MH
900
) 800
£ 700 AG= 27;0‘/,0[1‘
E= 2
5 600
o 500 A® = Deviation of melting point from the bulk value
2 4001 T, = Bulk melting point
= o = Surface tension coefficient for a liquid-solid interface
s 300+ p = Particle density
200 r = Particle radius
L = Latent heat of fusion
10i
a T T T T T T T

T
o 1 2 3 4 5 6 7 8 8§ 10 11
Particle Radius [nm]

Nanoformulace schvalenych API

Source: Nanoscale Materials in Chemistry, Wiley, 2001

novy Zivot schvalenych preparatu

nanomleti (top-down approach)

fizena krystalizace (bottom-up approach)
= v plynné fazi - tvorba suchého aerosolu (bez reakce, s
chemickou reakci)

= v roztoku

Fizena krystalizace v roztoku

= fizené miseni reaktantl v suspendujici fazi se stabilizatory CIDP)
tvorba malorozpustnych forem ionizovatelné latky ve vodé
srazeni vlivem pH
vysoleni

snizeni rozpustnosti odpafenim tékavéjsiho rozpoustédla

11
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Naproxen Naproxen

nesteroidni protizanétlivé 1é¢ivo tvorba soli Ca?* (vlevo) a Ba?* (vpravo) v pritomnosti surfaktantl
tvorba malorozpustnych forem ionizovatelné latky ve vodé — (arabska guma (vlevo), Tween80 (vpravo))

tvorba karboxylatti iontl kovl
srazeni vlivem pH — COOH vs. COO-

CH,

CHOOIT

CHO

Fine Particles in Medicine and Pharmacy, E. Matievic (Ed.), Springer, 2012

Naproxen Budesonid

roztok naproxenu o pH = 12 okyselen na pH = 6 (a) a pH = 4-5 (b) hydrokortizoid proti astmatu a alergiim
rozp. v ethanolu, sniZeni rozpustnosti pfidavkem vody nebo

neionogenniho sufraktantu (PEO)

Fig. 2.1 Scanmng electron micrographs (SEM) of naproxen particles. a Precipitated i a
0.02 mol dm~* aqueous naproxen solution confaining 1 wi% of (PVP), and acidified to pH 6 with
HCL b Naproxen particles produced at the same conditions as in (a) except at pH 4. ¢ Higher

Fine Particles in Medicine and Pharmacy, E. Matievic (Ed.), Springer, 2012
Fine Particles in Medicine and Pharmacy, E. Matievic (Ed.), Springer, 2012

12
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@desonid

Fig. 2.6 Scanning electron micrographs (SEM) of budesonide erystals prepared by precipitation
while sonicating (a) 0.035 mol dm™ solution of the drug in ethanol to which were added 4 cm® of
water. and (b) to 2 cm’ of 2 0.009 mol dm™ of the drug in ethanol were added 15 cm’ of water.[50]

Fine Particles in Medicine and Pharmacy, E. Matievic (Ed.), Springer, 2012

Cyklosporin

imunosupresor
MeVal N— (H —C —— Abu —— Me(Gly
CHy o
MeLeu Meleu
MeLeu D-Ala Ala Meleu Val

CoaHyNiOpy

Fine Particles in Medicine and Pharmacy, E. Matievic (Ed.), Springer, 2012

Cyklosporin

Fig. 2.10 Scanning electron

g 2 (SEM) of (a) velosporine powder, and (b)
particles obtained by rapidly adding in an ultrasonic bath 4 cm® of water (pH 6.5) into 2 cm’ of a
0.03 mol dm solution of the drug in ethanol. [52]
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Soucasnost nanofarmacie g

A. Types of NPs in Approved Drugs Available for Clinical Use

(50)M34

Progress in Nanomedicine: Approved and Investigational Nanodrugs P T. 2017 Dec; 42(12):

= Micelles (1)

= Proteins (2)

™ Lipsome (10)
™ Polymer (15)
= Nanocrystal (15)

= Inorganic (5)

14



Vize nanofarmacie

nanocastice pro diagnostiku a v€asnou terapii

kombinovana terapie ‘

cilena terapie

zvySovani rozpustnosti léCivych preparatt
snizeni nakladi (R&D; vyrobni)
zrychleni cesty novych Ié€iv na trh

cileny transport |éCiv (snizené davkovani, mén:
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