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Presndii e Zivymi organismy a chemickymi

|&dtkami, které ovliviuji norm ochemickeé funkce v organismu.

Craig W. Stevens

Brenner and Stevens’




Biofyzika

odinger (Nbelova cena, 1933),

predndskovd série a kniha: ,,What is Life"

4

https://slideplayer.com/slide /13363502/



©1957; zaloZena The Biphysicc:l Society

https:/ /slideplayer.com/slide /13363502/



/ a chemie a

odelovdni k pochopeni

toho, jak funguji biolog

https://slideplayer.com/slide /13363502/




® Biofyzikdli

®* Obecné biofyzikdlni techniky
® Zobrazovaci techniky

* Lékarskd biofyzika

https:/ /slideplayer.com/slide /13363502/



ofyzika membrdn
molekul. DNA and RNA biofyzika

*Vztah funkce a struktury Toky energii a bioenergetika
* Konformacni prechody. Statistickd mechanika
* Ligandovd vazba a intermolekuldarni Kinetia

vazba.

Molekuldarni motory

molekuldarni transport

https://slideplayer.com/slide /13363502/





https://www.biophysics.org/what-is-biophysics
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< Home

Research

Advanced drug design strategies

Bioinspired and biomimicking
surfaces

Drug delivery liposomes and ex-
tracellular vesicles

Label-free experimental plat-
forms in pharmaceutical research

Other nanomedicine and drug
delivery related topics

) / Research

RESEARCH

Our group is involved in several projects related to our overall theme. These can, roughly, be divided into five research areas, shown below.

H Sito:
o

Drug 2 [ Orug
release . e release

Non-PEGylated formulation PEGylated formulation

Drug delivery liposomes and
extracellular vesicles

\P’wwdelen.‘m

Glass prism

Adhesion layer

Reflectivity

Gold layer
Sample layer

Bulk liquid : U

6062 647768 68 70 72 N

o (deg)
Label-free experimental plat-
forms in pharmaceutical re-
search

Other nanomedicine and
drug delivery related topics

https: / /uclouvain.be /en-cours-2021-wfarm1219




ECRM, DRUG DEVELOPMENT
FROM BENCH TO BEDSIDE

Your Globutl Solutions in One Nation

)V 4

Laboratory & / k
Research h
o o S \\_M‘/

o
Ooo Olo

Rasl

In Vivo / To study the
In Vitro long-term risks
Studies and benefits of

— E = using the drug
@T_ and to discover
o — any rare side
=i0 el el == e

Find the beneficial s i -
safest dose effects and s .
undesirable pParison tO

Animal effects exsung — @
Studies medications for

the same

gg’ﬁal condition.

https:/ /twitter.com /clinicalrsrchmy /status /1414434586654818306




Molecular
biologist
Protein
expression

Protein
purification

~ Structural
biologist

Proteomics

Computational

X-ray biologist
crystallography

Cryo-EM

https:/ /www.youtube.com /watch2v=wHICnjPraa8
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k l1éCbé nadord varl chyre, plic a nékterych
malignit oblasti hlavy a krku

ucinnost pouze v cis geometrii, trans izomer je neaktivni

nezadouci vedlejsi uCinky




H{m‘nlwrg B, Van Camp L, K]'i:_{;u T. Inhibition of cell division in
Escherichia coli by electrolysis products from a platinum electrode.
Nature 1965; 205: 698—-99,

https:/ /www.sciencephoto.com /media /228204 /view
/dr-barnett-rosenberg




in

erg in
platinum
effects of an

As a result of the
acteria did not divide
ong strands. He found the
o be the platinum in the
lectrodes. This led to the study of the
effects of platinum on cancer cells and
the discovery of the cancer drug
cisplatin.

Date: January 14, 1965

https:/ /onthebanks.msu.edu/Object/162-565-3223 /equipment-used-by-barnett-rosenberg-1965/




skupina védcu z Vv

nasledné ukazala, ze cisplatina inhibuje
také rast nadorovych bunék

Normal and elongated E. coli: scanning electron microphoto-graph
https://ar.iiarjournals.org/content/34/1/417.2




p~1  DIED - duy 21

day 8 day |2 day 16 day 20

TREATED - SINGLE INJECTION CIS - P4{II)(NH,),Cl, - 8 mg/kg - DAY 8

Time sequence photographs of two mice with solid Sarcoma 180 tumors. The mouse at the
top was an untreated negative control. She died on day 21 when the tumor weighed about 3g.
The bottom mouse was in the group treated on day 8 with an intraperitoneal injection
of cis-diamminedichloroplatinum(ll). Her tumor was completely regressed six days after
treatment, and she died of age-related causes almost 3 years later.

https:/ /ar.iiarjournals.org /content /34 /1 /417.2
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PLATINOVA LECIVA NOVE GENERACE

Léciva schvalena pro pouziti v klinické praxi mimo CR:

T ‘ﬁ"‘“ ”°3( ><°,C">p<°~J§

nedaplatina Iobaplatma LP-D1 heptaplatma
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Latky strukturné odliSné od cisplatiny (ve fazi testovani):
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NOVA LECIVA NA BAZI DALSICH TEZKYCH KOVU
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https:/ /zdravi.euro.cz/denni-zpravy /profesni-
aktuality /fotodynamicka-terapie-v-ceske-republice-pet-let-
zkusenosti-460931

https:/ /novoijicinsky.denik.cz/zpravy_region/nova-zbran-proti-rakovine-kuze-20160921.html




MECHANISMUS UCINKU LECIV PRO PDT

excitovany
stav (sn % .

>'< Ta ' 0DI'M poskozeni /
0 oxidativni stres preziti buriky
e poskozeni buriky

trlpletnl stav

L S0 bunécéna smrt

nekroza apoptoza

Pfevzato z: A. Juarranz, P. Jaén, F. Sanz-Rodriguez, J. Cuevas, S. Gonzdlez (2008),
Clin Transl Oncol 10: 148-154.

Mechanismus:
Vznik reaktivnich forem kysliku, které indukuji bunécnou smrt.

Problém:
Nadory byvaji hypoxické a mechanismus vyzaduijici kyslik tedy neni idealni.



FOTOAKTIVACE PLATICITYCH KOMPLEXU
::rzﬁm; netO);;:ké

distribuce proléciva aktivace proléciva destrukce nadoru,
do celého svétlem pouze vylouceni inaktivniho
organismu v misté nadoru Ié€iva z organismu

nizka systémova kumulativni toxicita umoznujici opakované podani
selektivni destrukce nadorovych bunek
minimalni poskozeni normalnich bunék

zvyseni uspeésnosti leCby
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Pfevzato z: S. Ibbotson, R. Dawe, H. Moseley, J. Woods (2014), Ninewells Hospital and Medical School
Dundee, NHS Tayside.




Nosicove systemy
pro transport farmak

S \;
Jitka Prachafo%

7. listopadu 2022
Laborator molekularni biofyziky a farmakologie Katedra biofyziky, PrF UPOL :




»Drug delivery*
za uCelem dosazeni terapeutického ucinku u Clovéka Ci zvirete
Konvencni léCiva vétSinou zaloZena na rychle puUsobicich ucinn
podavanych oralné (pilule, tekutiny) nebo injekénée

Oral (Non-sterile)
Liquid dosage forms
-Syrup

-Solution

-Tincture
-Suspension
-Emulsion

-Lotion

-Elixir

-Draughts

-Enemas

-Gargles

Oral (Sterile)
Liquid dosage forms
-Injectables

-IV Bolus

-Eye drops

Systém podavani farmak

halati — Ocular
Inhalation Drops (solutions, emulsions,
-Dry powders o suspensions), ointments,
-Liquid Sprays Otic contact lens, implants, inserts
-Aerosol -Topical and intravitreal
s -Intracochlear
Oral -Intratympanic
Solid dosage forms
-Tablets
-Capsules —» Parenteral
-Granules [
-Sub-lingual tablets / Intramuscular Sub-cutaneous
-Buccal Tablets / Intra-venous
-Effervescent tablets |
Thin films s S (;f
-Medicated gums )/ | y
-Lozenges
Liquid dosage forms
Solution
Suspensions
Emulsions 3
Topical i ¥
-Semi-solid dosage | * Rectal /Vaginal
forms (Ointments, -Suppositories
Creams, Lotions, -Pessaries
Gels and Liniments) Tablets
| -Sprays -Enema
~Transdermal -Creams and gels
patches -Foams and sponges

jakykoli zpusob nebo proces podavani urc€i

&

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8512302/



Farmakokinetika

Zkouma osud IéCiva v organismu:

absorpce, distribuce, metabolismus, exkrece

y wam

Co déla organismus s léCivem?

How the drug moves from the site of
administration to the systemic circulation

Factors affecting Food, drug permeability

« Journey through the blood stream to
~ reach the target cells and molecules

Factors affecting Bindng to plasma proteins
Drug modification by Liver enzymes
rendering drug ineffective

Factors affecung: Liver diseases, alcohol and
certain drugs

Excretion of drug/metabolites through
- Urine/faeces
4.Elimination _— Factors affecting Glomerular filtration rate, Kidney

W i diseases (g, Nephritis), Intestinal bowel disease
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8512302/




https://www.youtube.com/

Konvencni (a) vs. idealni systém podavani farmak (b)

Time —
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8512302/

Systém podavani farmak

Terapeutické okno
= je rozmezi davky léCiva
(resp. jeho koncentrace

v urcité casti téla) schopné
ucinne IécCit dané onemocne
aniz by Iék mél toxicky ucine
na organismus pacienta



Nosicove systemy pro lécCiv

Prodlouzeni cirkulace latek v krevnim recisti
Rizena aktivace a uginek v cilovém misté (napf. v tkani nadoru)
Zmirnéni nezadoucich udinkl lIé€iva na organismus

Do soucasnosti vyvinuto mnoho typu nosi€l zaloZenych na rozp
polymerech, liposomech, nanocasticich Ci polymernich micelach

Nosi€e kancerostatik
* NejintenzivnéjSi vyvoj zejména nosicu kancerostatik (Casty vy
nadorovych onemocnéni v populaci, malo ucinna lé€ba, vysoka umrtnost)

* Protinadorova léCiva Casto nedostateCcné selektivni pro nadorovo
= nezadouci vedlejSi u€inky na organismus pacienta



Jaky by mel byt idealni nosicovy sy

Biokompatibilni

Netoxicky

Neimunogenni

Moznost kontrolovaného uvolnovani léCiva
ZlepSeni rozpustnosti I€Cive latky

Zvyseni stability IéCiva

Predvidatelné a reprodukovatelné uvolfiované davky
|éCivé latky

Eliminace nezadoucich vedlejSich udinkul léCiva
SniZeni nutnosti velmi ¢astého podavani IéCiva
(napf. diky postupnému uvoliovani)
Optimalizace terapie




Lekové polymerni nosice

Polymer chrani IéCivo prfed biodegradaci béhem transportu
Doprava IéCiva do cilové tkané/bunék

* Moznost kontrolovaného uvoliovani IéCiva

Vodé rozpustny hlavni fetézec Aktivni cileni — diky na

specifickych skupin cilic
napf. na receptory na

Lécivo . i
membrané nadorovych b
© Pasivni cileni — pfi vyso
g smnekemponenta molekulové hmotnosti

polymerniho nanomaterial
tento akumulovan v pevnyg
nadorech diky efektu zv
permeability a zadrze

Vysoka molekulovd hmotnost — zvy3ujici
akumulaci prostrednictvim efektu EPR

@ Ringsdorfliv model konjugatu polymer-1é¢ivo (Larson et Ghandehari, 2012)



EPR —jak to funguje?

Normgl ti%\ -

& Y 4 =

EPR effect




Nanonosicove systémy farm

Solid Lipid
Nanoparticle

L
& Drug containing T ‘S,
= Polymer

Metal Oxide Metal

‘&; Protein containing Nanoparticle Q
% Polymer op Nanoparticle g
O, ]
uw 5
2 73
o) e &
Antibody Drug Silica S [
Conjugate Nanoparticle . Anorgamiché

Virosome

Viral Nanoparticles . " ' '.‘.“:':,.

W https://www.biochempeg.com/article/188.html o

Dostalova et al., 2014; http://web2.mendelu.cz/af_239_nal



Nanonosice rozdeleni

antibodies
surface charge

proteins/peptides

nucleic acids
R1

surface functionality
(e.g..-NH,, -0CH,, -COOH)

small molecules

polymers
hydrophobicity

nanoshell |
liposomes

@
micelles

quantum

dots

O viruses

metallic dendrimers

traingle

roughness

porosity

Shah et al., 2021; https://ars.els-cdn.com/content/image/1-s2.0-S1773224721001064-grl_Irg.jpg

Nanonosice lze délit
podle slozeni z riznyc
materiald dale se déli
podle tvaru, velikosti
a ,cilicich“ ligandl pro
mozné specifické

dodavani léku.



Nanofarmaka schvalena pro lécbu

Obchodni nazev Forma Lécivo Vyrobce
Nanocastice Metastazuil
Abraxan s navazanym Paclitaxel Abraxis Bioscience !
: prsu, rakovi
albuminem
DaunoXom Liposom Cytarabin Galen Kapqsmo §arkom {alk7
asociovany)
Polymerni Samvan
Genexol micelarni Paclitaxel amyang . Nadory prsu
o Biopharmaceuticals
nanocastice
Marqibo Liposom Vincristin Acrotech AL I_y ielslEEise
leukemie
Onivvde Linosom Irinocetan Merrimack Metastazujici nado
vy P Pharmaceuticals slinivky
Kaposiho sarkom,
Doxil®/Caelyx™ Liposom Doxorubicin  Janssen ovarialni karcinom,
mnohocetny myelom
Myocet Liposom Doxorubicin  Teva UK Metastazujici nadory prsu




Pasivni vs. aktivni cileni nanofa

Pasivni cileni

Aktivni cileni

B Ligand

V  Receptor

¥ e s

_® )  Endothelial cell

. . hn.: )
V - Tumor cell




Konvencni liposomy (A) — nejsou chytreé

PEGylované lisposomy (B) — delSi cirkulace v krvi

Liposomy cilené na povrchové determinanty (protilatky, fragment
proteiny, peptidy, vitaminy, sacharidy, glykoproteiny) bunék (C)

Teranostické liposomy (D) - mohou nést terapeutika i zobrazovaci ¢

Liposomalni nosicoveé systeé

1
A Conventional liposome 1 D Theranostic liposome
Hydrophobic |
drug |
1 S 3 .
Positively PR\ €——— Targeting ligand
charged lipid wvf ” g /
Negatively ”’ - /é
charged lipid ° e~
Hydrophilic \Func'tionalized
drug = ‘ Imaging agent
\\\<
Polyethylene \
Glycol (PEG) 4 PEG
~F
ﬁ \ Small molecule
%)y  carbohydrate
| \ /N  Peptide
1
| Protein Antibody
1
B PEGylated liposome : C Ligand-targeted liposome

(https://www.sciencedirect.com/science/article/pii/S2090123218300791

Liposomy

— umoznuji take
podavani napf.
kombinace dvou
|éCivych latek
(synergicky efekt)



https://www.youtube.com/watch?

,,Chytry“ systém dorucovani |

,Chytré liposomy“ reaguji na rizné vnéjsi a vnitrni stimuly
(zmény pH, transformace enzymu, redoxni reakce, svétlo, ultraz

e B
Anti-cancer
o ~ drug
Liposome Functionalized Drug loaded \
liposome liposome N

Enhanced permeability
& retention effect

k]
S
. S $
Drug loaded liposome §,«° Q
Drug delivery inside a cancer cell &

liposome-based smart drug delivery system for cancer therapy (Hossen et al., 2019)




Radioaktivné znacene liposomy

« Napf. chytré liposomy funkcionalizované radioligandem
 Lze pouzit ke stanoveni biodistribuce liposom0 v téle a k diagn
nadoru spolu s provadénim terapie

Aranda-Lara et al., 2020. https://www.sciencedirect.com/science/article/pii/S0009308420300657




Chytré nosice farmak a jejich ,,spo

Drugs

Nanocarriers

Stimuli Triggers

Chemotherapy 5}
drug .

Antibody drug 1" Liposmes
Immunoadjuvant gg%
mRNA vaccines NA/\ Au NPs

Photosensitizer

Radionuclides @

Polymeric NPs

Silica NPs

Dendrimer

¥

Magnetic NPs

Carbon nanotube MTM NPs Nano-Erythrocytes

Photo
=

FaL.

Thermal

Early diagnosis

Chemotherapy

Immunotherapy

mRNA vaccine
therapy

Photodynamic
therapy

Song et al., 2021; https://www.mdpi.com/1422-0067/22/4/1873/htm

Combination
therapy



Polymeric Nanoparticle

| o
IS
--------

/" Polymeric matrix --=*

_—""-. Polymeric Inner "~
membrane core

Nanocapsule Nanosphere

Zielinska et al., 2020; (https://www.sciencedirect.com/science/article/pii/S2090123218300791

PEGylované PLGA nanocastice s doxorubucinem (nizsi nezadou

W

ucinky a vySsi protinadorova aktivita pfi srovnani s ,holym" doxe

Polymerni nanocastice

Biologicky odbouratel
nanocastice

Velmi stabilni — moznos
uvolnovani |éCiva po dlo
dobu

PLGA (Poly(D, L-lactid
glycolide)) nanoCastice vyuz

_C

pro enkapsulaci malych mole
pozivanych v protinadoroy
terapii (cisplatina, paclitaxe
doxorubucin, camptotheci



PLGA pro fotodynamickou ter

Fotodynamicka terapie bunek ovarialniho karcinomu s vyuzitim
PLGA NPs s navazanym kurkuminem

{

e e et o

CUR-NP

N «  Emulsion-diffusion-

Curcumin . evaporation

-

HO'
e N
- —
o]
o +H )
% ~ oy Curcumin loaded lncubatlﬁn Otj "

o nanoparticles CEUR G il

PLGA nanoparticles

SK-OV-3 cells

Light induced
tumour
destruction

W Shah et al., 2021; https://ars.els-cdn.com/content/image/1-s2.0-S1773224721001064-gr2_Irg.jpg



Polymerni micely

Amfifilni molekuly

« Hydrofobni ¢asti tvofi jadro, hydrofilni ¢asti pak korénu

Hydrophilic block PCL poly{aN ,CL)
Self-assemblyin
>
\/\W aqueous solution
PEO
Hydrophobic block

Cross-linking Micelles
°\/\5 s\/\o

Hossen et al., 2019; https://www.sciencedirect.com/science/article/pii/S2090123218300791

« K aktivnimu zacileni rakovinnych bunék se povrch micel modifikuje rl
typy ligandl (napf.: kyselina listova, peptidy, sacharidy, protilatky)
« K uvolnéni IéCiva z micely slouzi rizné stimuly (zmény pH, teploty.
enzymy Ci oxidace)

@' » Povrch micel Ize modifikovat, aby byl detekovatelny zobraz



https://www.youtube.com/wat

Magnetické nanocastice (MN

MNP potazeny terapeutickymi Cinidly

Smeérovani do cilovych bunék nebo tkani aplikaci magnetického

=> dosazeni maximalni koncentrace IéCiva v misté onemocnéni

« \Vyuzivany zejména oxidy Zeleza (supramagnetické, biokompatibil
odbouratelné v organismu pacienta)

* Nevyhody

— tvorba shlukll = mozna embolizace uvnitf krevniho fecisté

— zaznamenana cytotoxicita pro jaterni bunky

@ Superparamagnetic Nanoparticles

W https://ars.els-cdn.com/content/image/1-s2.0-S1773224721001064-gr4_Irg.jpg

NANOBOTS https://www.youtube.com/




https://www.youtube.com/watch”

Mesopory jako nosicove systé

Mesoporous silica nanoparticles (MSNSs)

Nanocastice s poéry rlizné velikosti a tvaru

» LécCivo akumulovano uvnitf MSNs a chranéno proti predCasné
pfed dosazenim stanoveného cile ¢i znehodnoceni vazbou mimo

Mesoporous silica Cargo loading Stimuli-responsive Cargo release
nanoparticles (MSNs) (drug or dye) gatekeepers functionalization (under stimuli)

Nanoparticle
degradation

Poscher et Salinas, 2020; https://www.researchgate.net/publication/343758251_Trends_in_Degradable_Mesoporous_Organosilica-
Based_Nanomaterials_for_Controlling_Drug_Delivery_A_Mini_Review



liposome-based smart drug delivery system for cancer therapy (Hossen et al., 2019)

(1) Aktivni pfipojeni nanonosicu k receptoru bunécného povrchu; (2) Endo
intermediovana ligandem/receptorem; (3) Zachyceni MSNs (mesoporou
nanoparticles) uvnitf endozomu; (4) Vliv intracelularniho prostrfedi na
Aktivace vypusténi ,nakladu“ nanonosicu, tedy ziskani pristupu k ¢
Rizené dorudeni lé&iva do buriky.



Karbonové nanotrubicky

Schopné prochazet bariérou rtznych bunéénych kompartmentd

Graphene sheet

111 TI1L1L
A
b ¢ I
Capping
Fullerene
e IN (Y
SWONT
Kushwaha et al., 2013; https://core.ac.uk/download/pdf/268264698.pdf

contrast agent  therapeutic antibody
léfiﬁﬁ&gﬂ;&éﬁ‘;%
(2 T T T <)) f
W e
)= S RN i
aSele temperature ferromagnet functional
sensor group

W https://www.youtube.com/watch?v=ukGu5NOrkKHk




Nanotransportéry pro dopravu IéCiv, ale i genu €i DNA vakcin
Biokompatibilni

Strukturné uniformni

Snadno produkovany ve velkych mnozstvich

Kapsida lehce modifikovatelna funkCnimi skupinami

Proces uzavreni léCiva do virové kapsidy se lisi podle druhu viru




Viry testované pro transport

denovirus

Doprava tumor supresorovych gentl p53 a p16, antisense DNA,
a protilatek do lidskych bunék

CCMV (Virus chlorotické skvrnitosti vigny)
« Doprava ftalocyaninu pro fotodynamickou terapii

MS2 bakteriofag

« Doprava porfyrinu pro fotodynamickou terapii, doxorubicinu a cisplat
do bunék lidského hepatocelularniho karcinomu

M13 bakteriofag

« Doprava ftalocyaninu zinku uzavieného v liposomech do bunék nador
prsu

« Cilena doprava doxorubicinu (povrch bakteriofaga byl konjugovar
folatem pro cileni do nadorové tkané a uvolnéni ,nakladu® po s

v



Electrospun fibres- \ |

encapsulated \
bacteriophages \‘\4

Bacteriophag% pfo{}ide
a recurring hope for the _
‘fight against AMR /

Microneedle-mediated transdermal
bacteriobacteriophage delivery

Polymers-
encapsulated
bacteriophages

' Bacteriophage-guided
'regulaﬁng'int_estinal flora and

Liposome-encapsulated
bacteriophages

" Bacteriophage-derived

therapeutic protein

3



Dekuji Vam za pozornos




