29.02.2020

Polymerni nanocastice
|

Kamil Zaruba

2020

Polymerni nanocéstice

Polymerni NP pro terapii a
diagnostiku
NP polymert
dendrimery
lipoproteiny
liposomy
micely
emulze

FIGURE 3 Schamatc o varous ranceystems (nct 10 scae). Abbveviasons: ML rudsamesnr
vesice, LU, large crdameid vesc, 5L, amad trdamai vescse, SU 0k (943 nancoaics
NLC, rancemucaond I caer

Polymerni nanocastice

Cile aplikace nanoformulace léciva
minimalizace degradace po
podani
omezeni vedlejSich ucink(
zvySeni biodostupnosti
zvy$eni akumulovaného
mnozstvi v oblasti nalezu

Polymerni nanocastice

Vlastnosti NP formulaci
snadna pfiprava
biodegradovatelnost
malé rozméry
vysoka kapacita
dlouha cirkulace

et

4 B
s

akumulace v patogenni oblasti




29.02.2020

Vybér schvalenych nanoformulaci 1é¢iv (FDA)

Vybér schvalenych nanoformulaci 1é¢iv (FDA)

(pokrac.)

Trade Name Active Ingredient Indication* Manufacturer Approval

Abelcet Liposomal B Invasive fungal Infections sigma Tau 1995

Abraxane | Albumin protein-bound pacltaxel | Metastatic breast cancer Celgene 2005

Adagen Pegylated adenosine deaminase | Severe combined immunodeficiency Sigma Tau 1990
enzyme disease

Alimta Pemetrexed Nonsquamous NSCLC, mallgnant pleural | Lilly 2004

mesathelioma

AmBisome | Liposomal B Fungal infections, Astellas/Gilead 1997

Amphotec | Liposomal B [ I Alkopharma 1996

cimzia Pegylated Fab flagment of a Crohn's disease, heumatold arthitis uce 2008
humanized anti~TNF-alpha antibody

Copaxone | Glatiramer acetate (copolymer Multiple sclerosis Teva 1996
composed of L-glutamic acid,
L-alanine, L-ysine, and L-tyrosine)

DaunoXome | Liposomal ditrate HiV-associated Kaposi's sarcoma Galen 1996

Depocytie) | Liposomal cytosine arabinoside L meningitis Pacia 1999

Dol Pegylated-stabilized liposomal AIDS-related Kapos''s sarcoma, refractory | Janssen 1995
doxorubicin ovarian cancer, mutiple myeloma

Eligard Leuprolide acetate and PLGH poly- | Advanced prostate cancer sanofl 2002
mer formulation

Emend Aprepitant nanocrystal particles Chemotherapy-related nausea and vomiing | Merck 2003

Macugen | Pegaptanib (PEG-anti-VEGF Wetage-related macular degeneration Eyetech 004
aptamer)
Mircera Methosy PEG-epoetin beta Symptomatic anemia assoclated with CKD | Hoffman La Roche 2007
Neulasta | Pegigrastim c fated neutropenia Amgen 2002
Oncaspar | PE ymphocytic leukemia sigma Tau 1994
Ontak Interleukin-2 diphtheria toxin fusion | Cutaneous T-cell lymphoma Eisai 1999
protein
Pegasys | Peginterferon alpha-2a Hepatitis B and C Genentech 2002
Pegintron | Peginterferon affa-2b Hepatitis C Merck 2001
Renagel | Amine-loaded polymer Serum phosphorus control In patients with | Genzyme 2000
CKD on dialysis
Somavert | Pegylated human growth Acromegaly Pfizer 2003
hormone receptor antagonist
Tricor Fenoflbrate Hypercholesterolemia, mixed dyslipidemia, | Abbott 004
Visudyne | Liposomal verteporfin Wetage-related macular degeneation, QLT Ophthamics 2000
pathelogical myopla, ocular histoplasmosis
syndrome
CKD = chronic kidney disease; NSCLC= lung cancer; [ I; PLGH = poly (DL-lact ). TNF = tumor necrosis
factor; VEGF = vascular endofhelal growih factor.
*See official Product Information for more details regarding indications.

From References 2

9,10,12, 17, and 30.

Ventola C. L., Pharmacy and therapeutics, 2012, 37(9), 512-517
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Fig. 1. A diagrammatic representation (not to scale) of same of the areas where fow and
key. L flow n the inis d

1V: flow pl

in the lymph

V: transport

flow in tissue;

Each route (the subcutaneous route i also indicated) will Involve  complex sequence of

Nanoparticulates as Drug Carriers, V. P. Torchilin (Ed.), Imperial College Press, 2006;

Polymerni nanocastice

Fig. 2.

500nm polystyrene latex
in single-file mode, from Jani et al.

1particles flowing in the mesenteric lymph vessels mostly
0

Jani P. et al., J. pharm. Pharmacol. 1989, 41, 809-812
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Lécivo

rozpu$téné v matrici,

zachycena suspenze,

uzaviené (nanokapsle),

adsorbované, chemisorbované (vazba)

Vlastnosti (polymerniho) nosice

jsou ovlivnény a ovliviiuji mnozstvi léCiva
ovliviiuji zplisob a rychlost uvolnéni léciva

ovliviiuji stabilitu a zplsob skladovani

Polymerni nanoformulace v klinickych testech

Main examples of polymeric nanoparticles in clinical trials.

1.1 NP z polymert — pfirodni polymery

Product name Compasition Sttus _ Therapeutic indication
BA-003" (Doxorubicin Manoparticulate formulacion of Phase il Advanced hepatocellular carcinoma
Transdrug, Livitag) polyisahexylcryano-scrylate containing
donorubicin
DHAD-FACA-HPs Mitaxantrone-loaded polybutylcyanacrylate Phase Il Hepatocellubr carcinama
nanoparticle formulation
IT-101 (CRIX101) Camptothecin coupled to cyclodextrin-PEC Phase |11 Phase II: ovarian cancer and recurrent small
copalymer nanoparticies cell lung eancer
Phase |I: advanced salid tumars
Pilot tral: advanced or metastatic stomach,
gastroesophageal, or esophageal cances
BIND-014 (DTXLTNF) (PLA-PEG or PLGA-PEG] PSMA™-t Phase |1 Phase II: mectastatic eastration-resistant
nanopasticle formulation with dacetaxel” prostate cancer and nom-small cell lung cancer
Phase I: advanced or metastatic cancer
ABI-008 Manoparticle albumin-bound formulation of Phase |l MeCastatic breast cancer and hormone
docetaxel {nab-docetasel) refractory prostate cancer
ABI-009 Manoparticle albumin-bound formuilation of Phase |11 Advanced non-hematologic malignancies and
rapamycin {nab-rapamycin) nonmuscle invasive bladder cancer
ABI-010 Manoparticle albumin-bound formulation of Phase | Solid rumors
17-AAG (nab-17-AAG)
ABLO11 Manoparticle albumin-bound formulation of Phase | Advanced solid tumors or lymphomas
thiocalchicine dimer
caLAA-01 Cyclodextrin-PEC-transfesrin receptor-targeted  Phase ] Solid tumors
Ranoparticles containing ant-RRM2 SRNA
Docetaxel PP Folymeric ranoparticle formulation of docetaxel — Phase | Advanced solid malignancies

E. Pérez-Herrero, A. Fernandez-Medarde / European Journal
of Pl ics and Bi {

93 (2015) 52-79

levné, biokompatibilni, rozpustné ve vodé

nevyhody: proménlivé sloZeni (kontaminanty), mala lipofilicita pro

zachyceni lipofilnich 1é¢iv

albumin, Zelatina — tvorba vrstev denaturovaného polymeru na
nanokrystalu 1é¢iva
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Pfirodni polymery

chitosan ((1—>4)-2-amino-2-deoxy-B-D-glukan) — deacetylovany
chitin

J Chitin-Daacstylase

LHy
H o:(
NH; NH
HO: Q HO: -
.0 5o o 9" Chitosan
NH
H H

Ptirodni polymery — lipoproteiny

pfirozené transportéry (tuk() krevnim obéhem; transport z jater do
tkani

LDL (low-density lipoprotein), IDL (intermediate-density
lipoprotein), HDL (high-density lipoprotein),...

Phospholipjd Apolipoprotein

74 Cholesteryl
Cholesterol ester
1.2 NP z polymert —
syntetické polymery Syntetické polymery
pFiprava a vlastnosti dle potfeby, funkéni skupiny vnesou citlivost Ui ORI Vo, SR qp O J
na pH nebo teplotu Block co-polymers
e T e, O
nevyhody: omezena rozpustnost ve fyziologickych tekutinach 3,
% ot

polyglykolova k., polylaktidova k. a kopolymer — nejpouzivanégjsi
biodegradabilni polymery (pomalé hydrolytické $tépeni)

poly(e-kaprolakton) — biodegradabilni, pomalej$i rozklad (vy$si
MW), produkty degradace jsou neutralni, neméni pH

poly(alkylkyanoakrylaty) — vlastnosti dle postranniho fetézce (roste
délka — roste polo¢as rozpadu)

Water soluble polymer with hydrophobic pendant groups

T iy 3 T i

Polymer backbone attached to hydrophobic pendant groups via a

hydrophilic spacer
®  Hydrophobic monomers % Hydrophobic pendant groups

8 iiydophilic monomiers $  Hydrophilic spacer
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Hg..ﬂl). Representative vesicle forming pol; from the pol d
1), chitosan (Compound 2),1%1! polyamine (C ds 3-5),1718 and polyamino acid
6)2° cla: 1 ol . Wi

Beaitoah
bearing

Syntetické polymery
poly(kyanoakrylaty)
N
— 7 Ny //\l Ve N /c/// /c/))
Ne G [ + HyC N CH;-C—CHp-C-
o >:0 o ):0 )
Hae—C HaC—0 H:C—0 CHy-O  CHz-O
poly(laktid) o

CH ) CH
HSC% ’ ?
o H
& —» HO o
\“/I\CH:, Ol CHy|, O

o

Syntetické polymery

Polymeric vesicles
Lipid pendant groups
Cholesterol

Vesicle bilayer arrangement

Polymer backbone

:"3 3(b). The glycol chitosan polymer: i.e. Compound 2, is arranged in the bilayer as
wn.

Vlastnosti pouzivanych alifatickych
polyestert

Typ Bod tani (°C) Teplota skelného | Doba rozpadu
prechodu (°C) (mésice)

DL-PLA Amorfni 50-60 12-16
PGA 220-230 35-40 6-12
DL-PLGA (50/50) Amorfni 45-50 1-2
DL-PLGA (75/25)  Amorfni 45-50 4-5
PCL 55-65 (-65)-(-60) >24

DL-PLA: poly(L-laktid); PGA: poly(glykolid); DL-PLGA: poly(DL-laktid-co-
glykolid); PCL: poly-¢-kaprolakton



http://en.wikipedia.org/wiki/File:Cyanacrylat_polymerisation.svg
http://en.wikipedia.org/wiki/File:Polylactide_synthesis_v.1.png
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Biodegradace PLGA

polo¢as rozpadu linearnich polyestert Ize zvysit kopolymeraci

poly(laktid) v hladkém svalstvu mysi kompletné rozlozen
po 480 dnech

smeés poly(laktid) a 50:50 poly(laktid-co-glykolid) jiz po 63 dnech

hydrofilicita semikrystalického poly(glykolidu)

Dalsi degradabilni polymery
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o o ) .
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Pootc acf)  Pobecic ck)  Polcioan oo acd)  Pocaproecione)

ox o e 4y

Chem. Rev. 2016, 116, 2602-2663;

Polyortho estes) (POE) DOI: 10.1021/acs.chemrev.5b00346
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Syntetické polymery —
zachyceni 1é¢iva v NP

léCiva latka + disperze polymeru
léc¢ivo rozpusténo, zachyceno v nebo na matrici polymeru

Polymer solution

(cross-saction)
PYA aqueous solution
Evaporale organic
ﬂ @ solvent freeze-dry
owemuision  Nanoparticulate Nanoparticles

suspension

Drug delivery nanoparticles formulation and characterization (Eds: Y. Pathak, D. Thassu), Informa, 2009, USA

Disperze ptipravenych polymert

polylaktidova k. (PLA)
polyglykolova k. (PLG)
kopolymer PLGA
poly(&-kaprolakton)

polymer v organickém solventu + légivo

emulsifikace do vody, emulse O/W se surfaktanty jako je Zelatina,
PVA, polysorbat-80,...

org. rozpoustédlo odstranéno teplotou nebo tlakem

vysokorychlostni homogenizace (sonifikace)
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Syntetické polymery —
zachyceni 1é¢iva v NP

lé¢iva latka + disperze polymeru
léCivo rozpusténo, zachyceno v nebo na matrici polymeru

«——— Atomizer
Drug solution/suspension
in polymer solution

«——— Atomized droplets

Liquid

nittogen
Frozen
nanoparticles

+—— Extraction solvent
(ethanol)

Syntetické polymery —
zachyceni l1éCiva v NP

Acidic madium in the pressnce|

disperze polymernich NP: ...; Jj} (O Risetimrilidiel
Soleoe

= emulse monomeru (micelarni
systém) — polymerizace J

= z pfedem pfipraveného polymeru

Purication

Nanogarticle:

(O Surfactant

® oy

= Cyanperylate manomes

Zachyceni v NP — disperzi polymert

emulse
= O/W emulse se surfaktantem
u |éCivo
= odstranéni org. rozpoustédla (toxické)
nanoprecipitace
= roztok polymeru, [éCiva a stabilizatoru v org. misitelnou s vodou

= do vody s jinym stabilizatorem — difuzi a odparenim org. rozp.

vysoleni

Biodegradabilni polymery

polyestery, napf. laktidy, glykolidy a vzajemné kopolymery,
polykaprolaktony, poly(b-hydroxybutyraty)

polyamidy, napf. pfirodni polymery kolagen, Zelatina a albumin a
semisyntetické pseudo-poly(amino kyseliny) jako
napf. poly(N-palmitoyl hydroxyprolin ester)

polyuretany
polyfosfazeny
polyorthoestery
polyanhydridy
poly(alkylkyanoakrylaty)
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2. Disperze na bazi lipida (lipidové NP)

triglyceridy
= tuhé lipidové nanocastice

liposomy

niosomy

Liposome structure formed by phospholipids

3.1 Pevné lipidové nanocastice

pr. homogenizace
koloidni disperze tuhych za horka:
triglyceridd (intenzivni michani,

sonifikace)

Dispersion of lipid phase into
hot aqueous surfactant mixture

vstfikovani roztoku do vody

rozpusténé écivo Codling to room temperature  mmfpme §
stabilizovano surfaktantem -
Solidification

Solid pid nanoparticles

,rozmichani* za vyssi teploty,
krystalizace jader chladnutim

= . Lipid |
- (solid) .

Pevné lipidové nanocastice — priprava

homogenizace mikroemulsifikace:
za horka: Drug in Mekted lipid

Dispersion of lipid phase into
hot aqueous surfactant mixture HOT MICRO-

EMULSION

High Pressure homogenization

Cooling to room temperature  mumgpee- ’

' ... @ mnoho dal$ich

akol., Sci. Revs. Chem. Commun.:
2(1), 2012, 80-102

3.2 Liposomy

hydrofilni jadro ohrani¢ené jednou nebo vice lipidovymi
dvojvrstvami

fosfolipidy (lecitin), cholesterol, glykolipidy (ca 5 nm)
20 nm az nékolik mikrometr

Liposome structure formed by phosphalipids
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Liposomy

hydrofilni jadro ohrani¢ené jednou nebo vice lipidovymi

dvojvrstvami,

fosfolipidy (lecitin), cholesterol, glykolipidy (ca 5 nm)

20 nm az nékolik mikrometrd

hydrofilni 1éCivo uvnitf,
hydrofobni [é¢ivo v membrané

metody zaloZené na sonifikaci, vysokém tlaku nebo protlacovani

skrz membranu

Liposomy

dermakologické aplikace — pronikaji hluboko do kize,
per os — problém s hydrolyzou v zaludku,

v krvi atakovany makrofagy (kumulace v jatrech a slezing);

ochrana PEG vrstvou

FIGURE 4 The of skin

vesicles.

Drug delivery nanoparticles formulation and characterization (Eds: Y. Pathak, D. Thassu), Informa, 2009, USA

Liposomy — transport enzymu

Main examples of Uiposomal formulstions i clinkcal tials.

Product pame Compositon Status Therapeutc indication References
Lipaplatin Pegylaced liposomes with csplan Phase 18 Non-small lung cancer and [
pancreanc, gastric, breast, head and
wncers

Mepact (miGmuride, L MTPPE Uposomal muramy] tripepiide - \metastaric resectable i

approved in Europe)  asteosarcoma
aNCAP Phase I Hepatocelludar carcinoma [Bo21)
LRP2S (Stimuvax) Phase 10 Coloreaal cancer, prostate cancer, [ 18.215]

an immune response to cancer cells
that express MUCT

P77 Pegylated liposoemal cisplatin

non-small cell lung cancer, multiple
myeloma, and endocrine sensitive
advanced breast cancer (in
coenbination with hormonl
treatment

Phase L1 Nea-small cel lung cancer. ovarian

INGN 401
EndoTAG-1 Paclitaxellaaded canonk liposomes  Phse I
Atragen Ugosomal retinoic 30 (retipoin)  Phase 1§
ST csplatin iposomal foemulation of  Pse il Ostensarcoms metastatic o the hung
osi211 formulatin of unctecan Phase 1l Phase I recurrent small el long
anslog of camprothecin) anced ovarian cancer,
" or bcally recurren head
a0d neck cancer
Phuse | advanced of metasaik soid
European Journal of P ics and 93 (2015) 52-79

Liposomy — transport enzymu

Enzyme

Treatment

Asparaginase®
Collagenase

Factor VII (preconvertiny

Uroquinase?

Rhodanase
B-Lactamase

Trypsin (pancreatic form)
Superoxide dismutase
B-Glucocerebrosidase®
DNAzymes

Acute lymphoblastic leukemia

Coagulation/uncentrollable bleeding
in hemophiic patients

Thrombolytic agentblood dots

Detoxifies cyanide

Antibietic (allergy to penicilin)

Inflamm ation/oxidative stress

Gaucher disease

Ablation of gene target: Egr-1: balloon
injury, restenosis, tumer growth (breast
carcinoma) TGF-B: glomerulonephritis
c-jun: neovascularization (comea),
tumor growth (melanoma, squamous
cell carcinoma), inflammatory disease
VEGFR-2: tumor growth (breast cancer)
TNF-a: myocardial infarction
VDUP1: myocardial ische mia
PAI-1: myocardial infarction

@ Approved for dinical use,

Drug delivery nanoparticles formulation and characterization (Eds: Y. Pathak, D. Thassu), Informa, 2009, USA




29.02.2020

Liposomy — transport enzymu

Transport DNA (viralni, neviralni)

EXVIVO

M / ATERED CELLS

DELIVERY OF GENES 10 haman
subjects i sometimes a

Liposomy — neviralni transport DNA

Liposomy — transport DNA

DNA vakcinace virovymi plasmidy; mozna imunitni reakce

DNA vakcinace virovymi plasmidy; mozna imunitni reakce
uzavieni v liposomu — ochrana pred deoxyribonukleazami

Sk

ga'r

10
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Lipoplexy — transport DNA

O priprava smisenim kationickych liposomt s vodnym roztokem DNA

(3) DNA condensation

Mcatonic T  DNA fo form lipoplex
liposome Q o
oy, — 93/ =
QA
(2) Electiostatic .

atiraction with DNA

O elektrostaticka interakce mezi kationickymi funkénimi skupinami
lipoplexu a anionickymi fosfatovymi funkénimi skupinami DNA

O dulezité faktory: koncentrace, teplota, iontova sila, kinetika smiseni

O smiseni lipoplexu (L) a DNA (D) v poméru vétSim nez jedna
usnadriuje transfekci (molarni pomér L/D ca 1,2)

O velikost: 100-200 nm (vy$$i naboj (+ nebo —) — mensi ¢astice,
homogennéjsi)

3.3 Niosomy

syntetické neiontové tuky,
lepsi chemicka stabilita,

zvy$ena prostupnost kuzi

B e

OH

Niosomy

x
]
X
L
Ro
>
(

Niosomy

syntetické neiontové tuky
lepSi chemicka stabilita

zvySena prostupnost kizi

M. Carafa et al. : International Journal of
Pharmaceutics 160 (1998) 51-59

http:/www.jyoungpharm.in/article.asp?issn=0975-
1483;year=2010;volume=2;issue=4;spage=356;epag
e=361;aulast=Prabhu;type=2

11
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4. Polymerni micely

samousporadanim amfifilnich blokovych kopolymert hydrofilni ---
hydrofobni
Single polymer chains Polymeric micelle
(“Unimers”)
hydrophobic block  hydrophilic block
\ -

hydrophobic core hydrophilc shell
N

s

[Unimer] > CMC
Temp. >CMT
—

pe—
f.\/\/\ [Unimer] < CMC
Temp. <CMT

Fig.1. Self-assembly of block copolymer micelles.

Polymerni micely

samousporadanim amfifilnich blokovych kopolymert hydrofilni ---

hydrofobni
Self-Assembled Covalently-Assembled
(unimolecular micelles)
ANNN —= No self assembly
Homopolymer
e
PI : x i 2
Di-block copolymer O R, X
Star Denditic
M,

Graft copolymer e
PO [ pdrophacsiosx — AAAA }
hydrophotic biock  mmm—
o e R cstoniotiock ekt
T anvarec tloce —

Fig.2. Polymer micelle structures.

Polymerni micely

samousporadanim amfifilnich blokovych kopolymerd hydrofilni ---
hydrofobni

polyester nebo poly(aminokyseliny)

polyethery

schvélené FDA: PEG, PEO

pfimé rozpusténi 1é¢iva a kopolymeru (micelizace zahratim

(dehydrataci))

u kopolymerl potfebujicich k
rozpusténi jiné rozpoustédio
(DMSO, DMF apod.) se toto
rozpoustédlo proto musi
odstranit napf. dialyzou

Polymerni micely

dendrimerni micely

Dendrimer Self-assembling

—>

Hydrophobic
moiety

Figure 4-11. Self-assembly of hydrophobically modified PGDs to a
micellar structure in aqueous solution.

ier Tehcnologies (Ed.. M. R, Mozafari), Soringer, 2006,

12
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5. Dendrimery

jadro — urcuje tvar a zpusob vétveni

Dendrimery — ptiprava

Jadro
l .
Divergentni e _¢‘4. M
syntéza _< U .
G=0 1 2

smér rustu: od jadra (pfipojného bodu) k povrchu

wich
po \‘\‘ . pripojuy
v z : bod
Konvergentni ‘>_ . - 4
. X K] x
syntéza ? : :
vnitini kaskadovita struktura vngjsi povrchovi oblast dendrimeru : :
G=0 1 2 4
»>
smér rustu: od povrehu k pfipojnému bodu (jadru)
Dendrimery — velikost Dendrimery — ptiprava
1,
Table 1. Specification for PAMAM dendrimen, O oue :J,,Jf
" 2 piry
Physical or structural parameter H,N‘“‘»—""’J’-u.o*ﬁm"\f"»/\g“ e —""“-f“ui" ”‘"\’In“"my
Molecular weight ~ Diameter  Surface . Mo j‘{f
Generation (Daltons) (&) groups (5 & =]
]

o 517 15 4 [

a1 1430 22 8 -~

a2 3256 20 16 o oms

a3 6909 36 32 jf‘ o

G4 14215 45 64 = !

as 28826 54 128 e 4\: rr'"‘ .

a6 58048 67 256 unr‘~¢nﬁ\,_n.v "TH¢ .

G7 116493 81 512 _{4 'L;_M_

[e1 233383 97 1024 e e

ao 467162 114 2048 1

@10 934720 135 4006

NANO: Brief Reports and Reviews Vol. 6, No. 6 (2011) 509-539

urf .
we e 05

http://eap.ee/public/va_ke/k-50-3-5.pdf

13
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Dendrimery — piprava

Dendrimery — aplikace

cileny transport a davkovani biologicky aktivnich latek a léciv

Dendrimery — aplikace

Dendrimery — aplikace

05| —e—PEGYS50-PGD-G4
—— PEGY2000-PGD-G4
—8—PGD-G4
= 04{ | —o—PEGH00
E
S
E
= 03
H
w Th 2
e g o2
- 2
PEGylated PGO-G4 % 014
&
00
T T
0 2 4 [ 10

Concantrabon (wi%)

Figure 4-9. Palitaxel solubility as a function of concentration of PEG

derivatives. (Modified from reference 42).

(Ed.. M. R, Mozafar), Soringer, 2006,

fotosensitivni dendrimer

s N
\x* ~ Ve N .
~\ 3 L - oLs L
—— o _m  gay feed
{ 8

14
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6. Mikroemulse

koloidni systém dvou nemisitelnych kapalin a emulsifikaéniho ¢inidla
dispergované nanocastice 5-140 nm, ¢iré

disperze diky vysoké koncentraci emulgatoru (kosurfaktantu), zcela
stabilni

Mikro(nano)emulse

smés emulse s
neinteragujicimi hydrofilnimi
polymery polyHEMA,
karagenany

s
Surfuctants + Cosarfactants

Bicontinuoi

tvorba gelu pfidavkem
rozpoustédla (vody) k
reverznimu micelarnimu
systému; nahradou
ionogeniho surfaktantu
neionigennim; propojeni =
kapek molekulami surfaktantu

— tvorba sité

zvySeni prostupu hydrofilnich W
latek (1&civ) kazi

https://doi.org/10.1016/j.arabjc.2010.09.027

4 Reverse
\\ / Micellar
Microcmalsion g

on
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