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Hydrogely

3. Fyzikéln¢ kontrolované uvoliiovani

hydrogely (60-90% kapaliny, 10-40 % polymeru)

Zelatina zesitovana glutaraldehydem o7 TR
zesitovany polyakrylonitril

poly(vinylalkohol) ve smési s poly(akrylamid-co-styren)

2-hydroxyethylmethakrylat

zména konformace (bio)polymeru (polymernich NP)
- intermolekularni interakce
- self-assembly

zména pfitazlivych interakci na repulsivni
(protonizace NH,—>NH;* ; disociace COOH—COO")

hydrolyza vazeb

Fyzikaln¢ kontrolované uvoliovani

Pouzivané stimuly

Drug pendents on insoluble matrix Drug crosslinding insoluble matrix
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Drug in backbone of insoluble matrix Prodrug-insoluble drug polymer

\’\ N~

Prodrug—drug attached to soluble polymer  Prodrug-soluble drug polymer
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— Folding stimulus.

@ ©

FIGURE 32.3 Triggered folding of a designed peptide (a) led to the formation of a B-hairpin (b), which can self-
assemble (c). Ultimately a hydrogel is formed (d), which has a network structure of cross-linked fibrils. Material
formation is reversible: simply unfolding the peptides that comprise the assembly dissolves the hydrogel.

proteins




20

.3.2017

3.1 Zména teploty

AG = AH - TAS

enthalpicky pfispévek solvatace kompenzovan zménou entropie pfi

zméné konformace
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Termoresponsivni hydrogely

zesitovany polymer, 3D sit, reverzibilni zmény konformace absorpci

vody a jejim vytésnénim
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PNIPAM

poly(N-isopropylakrylamid), LCST ~ 32 °C

Below LCST

C
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P Above LCST
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PNIPAM

teplota prechodu (T,) obecné ovlivnéna koncentraci,
iontovou silou, povrchové aktivnimi latkami

pfi znalosti fazového diagramu (T,)min = LCST

u PNIPAM mald zavislost T, na koncentraci

Polymer Phase iransition

temperature in aqueous
solution

LCST behaviour:

PNIPAM 30-34°C

Poly(N,N-diethylacrylamide) ~ 32-34 °C

Poly(methyl vinyl ether) 37°C

Poly(N-vinyleaprolactam) 30-50 °C (a)
20-85°C
28-30°C

D. Schmaljohann, Advanced Drug Delivery Reviews 58 (2006) 1655-1670
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PNIPAM — drug delivery PNIPAM — drug delivery

vznik nanokontejnerd pridavky vody k roztoku
poly(2-cinnamoylethyl methakrylat)-blok-poly(N-isopropylakrylamidu)
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Figure 103 Schematic of temperature-sensitive micelles self-assembled in aqueous solutions from Y-shaped
copolymers of poly(undecylenic acid) (PUA) and poly(N-isopropylacrylamide) (PNIPAAm). Reproduced

Polymer container

kriticka micelarni koncentrace 20 mg/ml, LCST =31 °C

° . % ¢ 1zx: FIGURE 327 Schematic illustration of the structural transition behavior of the thermosensitivity of poly(2
t> 31 °C — deformace micel, uvolnéni léciva cinnamoylethyl methacrylate)-block-poly( N-isopropylacrylamide), PCEMA-PNIPAM polymer nanocontainers.
(Reprinted from Liu, X.-M., Yang Y.-Y,, and Leong K.W.,, J. Colloid Interface Sci., 266, 295, 2003, Copyright (2004)
WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim. With permission.)

Nanotechnology in Drug Delivery, M. M. de Villiers, P. Aramwit, G. S. Kwon (Eds.), Springer 2009

PNIPAM — drug delivery Dalsi polymery

oralni aplikace inzulinu (hormon slinivky bfi$ni — regulace cukru) a

kalcitoninu (hormon §titné Zlazy k snizuje hladinu Ca?* v krvi) \ / \ /
J/\\,//T (\ -]
n t n T n
Low pH (o] 0 N 0
R17N\ ly(methylvinylether) /
5o ; . . poly(methylvinylether

zalozena na pH indukované hydrolyze Ry vimetyny
polymernich NP —zména struktury 7 Ry =H, Rz = /Pr: PNIPAM poly(N-vinylkaprolaktam)

PNIPAM teplotou je vyuZita pfi pfipravé - Shrunk gel Ry =Ry =Et: poly(N.N-diethylakrylamid)
. ™ , igh p
NP s imobilizovanym hormonem =
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Swollen gel

C. Ramkissoon-Ganorkar, F. Liu, M. Baudys, S.W. Kim, Effect of molecular weight and polydispersity on kinetics of dissolution
and release from pHitemperature-sensitive polymers, J. Biomater. Sci., Polym. Ed. 10 (1999) 1149-1161, .
poly(N-ethyloxazolin) pentapeptid GVGVP

Y.-H. Kim, Y.H. Bae, S.W. Kim,

. pl polymers for drug loading and release,
J. Control. Release 28 (1994) 143-152.

D. Schmaljohann, Advanced Drug Delivery Reviews 58 (2006) 1655-1670
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Dalsi polymery

kontrola rychlosti uvolfiovani obalenim PNIPAM vrstvou dalSiho
polymeru
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Vliv iontové sily

vliv zmén iontové sily ma podobny efekt jako teplota

Swollen SSM
\ Release of active compound
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‘ 37

Collapsed SSM

Degree of swelling

Change in enviroment conditions

3.2 Zména pH

konformaéni zmény vyvolané zménou kyselosti okoli

ionizovatelné polymery s hodnotou pK, mezi 3 a 10

karboxylové kyseliny, fosforylové kyseliny, aminy

monomery: akrylova kyselina, metakrylova kyselina,
maleinanhydrid...

CH, CH, CH, GHy

FeHGH, TOH-CH, {CH-CH, fCH-CH, {»EH{IH—"
c-0 c=0 ¢=o ¢=0 o
OH OH O OH OH
PAA PMAA PEAA PPAA PBAA

Figure 2.4 Structures of anionic pH-sensitive hydrogels

Zména pH

Volume of hydrogel

acidic PKs basic

pH value

Figure 2.3 Phase transition behaviour of polyelectrolyte hydrogels. Acidic
hydrogels () are ionised by deprotonation in basic solutions, which have an
excess of hydroxyl groups. Basic hydrogels (=) swell in acidic solutions due to

the ionisation of their basic groups by deprotonation. Amphiphilic hydrogels (A)
contain both acidic and basic groups. Therefore, they show two phase transitions
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Zména pH
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Figure 2.18 Schematic illustration of oral colon-specific drug delivery using
biodegradable and pH-sensitive hydrogels. The azoaromatic moieties in the
crosslinks are designated by -]

Zména pH

! L]
5 M Y
100nm ~
P2VP, poly(2-vinylpyridine); RS "R B fouy
PE, polyelectrolyte; Fig. 2. pH-triggered changes in the conformation of single P2VP
lecul mica substrate fi l dif-

ferent pH. Copyright 2005, the American Chemical Society. Reprinted from
ReL.|29] with permission.

Progress in Polymer Science 35 (2010) 174-211

Neviralni transport genti

kationicky polymer vs. anionicky oligonukleotid

polymery s aminoskupinami, poly(ethylenimin), dendrimery, chitosan

by

linear PEI branched PEI

G1 PAMAM dendrimer
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Neviralni transport genil

_ Interior amines: endosmal
buffering

M

Y\.ﬂ

Plasmid DNA
— Pritmai ines: charge
Lk‘\ neutral on
k T Targeting ligands
—

T Hydrophilic corona

Fig. 5. Self-assembly of PAMAM-PEG-mannose dendritic-linear
hybrid polymer with mannose targeting moiety; the system contains

primary amines buffering (pk,=0.9) for complexation of plasi
DNA and tertiary ammnes (pK,=3.9) for endosomal buffering, PEG
stabilises the polyplex

D. Schmaljohann, Advanced Drug Delivery Reviews 58 (2006) 1655-1670

Vicevrstevné systémy

cileny transport ke zvolenému receptoru na povrchu buriky
hydrolyza nékterych povrchovych skupin
pocatek funkce ,skryté“ jednotky

cell

st vy

Sawant, R. M., J. P.Hurley, et al. (2006). “"SMART" drug delivery systems: doubletargeted pH-responsive
pharmaceutical nanocarriers.” Bioconjug Chem 17(4): 943-949.

Liposomalni formulace

aniontové liposomy citlivé na pH,
transport oligonukleotidi po destabilizaci membrany povrchovymi
skupinami liposomu

Destabilization of the endosomal membrane

Figure 11.2 Schematics of endosomal drug escape with the use of pH-sensitive
liposomes. (1) endasomal membrane; (2) endacytosed liposome; (3) pH-sensitive
liposomal component interacting with the endosomal membrane and destabilizing
it () inncomal dmie

Torchilin, V. P, Zhou, F..& Huang, L. (1993). pH-Sensitive liposomes. J Liposome Res, 3, 201-255.

Micelarni formulace

N
pH-responsive biock copolymer
Poly{ethylene gycol}-poly(f-amino ester)

— ! VQ —~_

Figure 8. Protoporphyrin IX in pH-responsive micelle.

Kim, K.; Koo, H.; Lee, H.; Lee, S.; Min, K.H.; Kim, M.S.; Lee, D.S.; Choi, Y.; Kwon, 1.C.; Jeong, S.Y.
Chem. Commun. 2010, 46 (31), 5668-5670.
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Porézni kfemicité nanocastice Porézni kfemicité nanocastice

multivrstva polyelektrolytu (poly(allylamin hydrochlorid) a
poly(styrenesulfonat) sodny) se v kys. prostfedi rozpada

A e °© ™
o, *e
‘ = ' ‘ = '

protonizace dusiku heterocyklu snizuje afinitu k cyklodextrinu

Micelles

Mescporous s
e MOM-4L TAE cetyftrmethylamemoniu

Cancer Biol Med 2014;11:34-43

Figure 1 Synthesis scheme for the preparation of MSN (A) and transmission electron microscopy (TEM) images of MCM-41 (8). (Figure 1A is

8
Cancer Biol Med 2014;11:34-43
Porézni kiemicité nanocastice 3.3 Kombinace T a pH
multivrstva

transport do tumoru s nizkym pH

" o s -
F;tl{s?;lﬁgﬁlr: ‘ e ‘ ‘ e ' pii pH < 6,6 je LSCT < 37°C
hydrochlorid) a A ——— —° —

i ==

poly(styrenesulfonat) £ .
sodny) se v kys. 1/ {- { e e
400 . I | i to
prostiedi rozpada i RN o i
I i 4 i u o, Ve 27 .
3 LS o, 5
viivpH §
i ' 2
et ac-arfh -
! (I"() -0

-
vivT Temp (°C)

Figure 1. Plot of transmittance of Polymer Il solutions as a function of
temperature at varying pH at 500 am.

Cancer Biol Med 2014;11:34-43

Soppimath et al,, Adv. Mater. 2005, 17 , 318-323

10
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3.4 Oxidace

vedle EPR faktoru charakterizuji tumory také specialni makrofagy
uvolfiujici oxidujici molekuly

kopolymer ABA

A = PEG - hydrofilni, brani adsorpci proteint, malo toxicky

B = poly(propylensulfid) — hydrofobni, oxidovatelny

09 10 oty e

oppimath et al. Adv. Mater. 2005, 17 , 318-323

Oxidace

Scheme 1. of Initiator and of Cross-Linked Particles

2 5 o [A]
< ¥ .

"\_b = s % s o, emutior
Dealin™ o s %

-
s P \
s
Exposure o air —» == disuffide bridge ——

Addition of a bifunctional end-capper —» = -{CH,),CO{OCH,CH,),00C(CH,),-
Labelling

- i = S-CH,CONH-fuorescein

21,411:417

4. Chemické stimuly

vliv pFitomnosti iontd

Biomater. Sci., 2014, 2, 121-130

lonic interaction of Ca2*
ion with carboxyl groups
of alginate

Scheme 1 Schematic representation of the AuNPs-capped-MSN based
drug delivery system. The controlled-release mechanism of the system
is based on forming and breaking of ligand bond between the AuNPs
caps. Cu”* and the MSN hosts. The scheme is presented by (A) MSN
functionalization, (B) AuNP functionalization. (C) AuNP capping of MSNs,
(D) AuNP displacement by pH mechanism and (E) AuNP displacement by
interaction with ATP.

4. Chemické stimuly

vliv pFitomnosti proteind

Presence of trigger

_ Specific release iigger

Drug loaded MIP

Drug released by MIP

11
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Chemicke stimuly

dualni stimul
hydrogel na bazi PEG-oligopeptidu a dextranu
k hydrolyze nutna pfitomnost nukleasy i dextranasy

drug release: OFF
Drug loaded hydrogel
<893 °
AP 09 &
oo
°
dual stimuli drug release: ON

Chemicke stimuly
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o
.

e
(el

Sledovani kinetiky uvoliiovani z NP

Nanoparticles r
Nanoparticies
Aghatien (D)latysis membrans.
Diaiysis method Glass basket dialysis method

Fig. 1.

Schematic representation of dialysis methods. (a) dialysis sac method. the nanoparticulate
systems are placed inside the dialysis sacs: (b) reverse dialysis sac method, the
nanoparticulate systems are added to the medinm outside the dialysis sacs and the inside
medinm is analyzed for released drug at different time intervals: and (¢) glass basket dialysis
method, a glass cylinder with its bottom sealed by a dialysis membrane is used.

Sledovani kinetiky uvoliiovani z NP

Fig. 2.
Schematic representation of dialysis adapter based USP 4 method in a closed loop
configuration. Glass beads are added in the flow through cell to facilitate lamiar flow of the

media throughout the cell.

12
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Sledovani kinetiky uvoliiovani z NP

Collect and anahyze released drug

()

Electrochemically montor
released drug

Fig. 3.

Schematic representation of (a) drug-selective electrode based methods, drug release is
monitored electrochemically: and (b) microdialysis based methods. where a microdialysis
tube is used to monitor drug release profiles. The microdialysis tube is constructed as a
concentric tube, where the perfusion fluid enters through an inner tube, and flows back
between the inner tube and the outer dialysis membrane.

Sledovani kinetiky uvoliiovani z NP

b

Fig. 4.

Schematic representation of a two stage reverse dialysis sac method (reprinted with
permission) (18). Stage 1: liposomes were added to the exterior medium and samples were
taken from the interior of alternative dialysis tubes; Stage 2: surfactant (Triton X-100) was
added to the exterior medium and samples were taken from alternative dialysis tubes. At
least two tubes are used to allow equilibration prior to the next sampling time.

Kinetické modely uvoliiovani z NP

Mathematical models used to describe drug dissolution curves

Zero order Q= Qp + Kyt

First order In Q,=In ¢+ K¢
Second order Q/Q.(Q, — Q)Kt
Hixson—Crowell Q,°~ Q" =Kt

Weibull log[—In(1 — (Q,/Q.N] = bxlog t—log a
Higuchi Q= KH\-’;

Baker—Lonsdale G2 = (—1Q/Q. ) *1—(Q/Q.) =Kt
Korsmeyer—Peppas Q./Q. =Kz

Quadratic Q= 1[)0(](1{2 + K0

Logistic Q=A/ll+e "

Gompertz Q=Ae " »

Hopfenberg Q/Q. =1-1[1—kt/Cha,]"

Modelovani — iteracni vypocet

P. Costa et al. Eur. J. Pharm. Sci. 2001, 13, 123-133
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