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Receptor-mediated

endocytosis and
transcytosis

Tight junction modulation
(capability of

nanocarriers to interact
with the tight junction
proteins)

Mucoadhesion (interaction
between the positively
charged nanocarrier with
negatively charged mucin)

Improvement
in the
absorption by

Increased solubilization ente rocyt es

and dissolution

Phagocytosis via

specialized microfold
cells (M celis) of the
Peyer's patches




6/16/2020

L

t b
K

e Sy LS 5 ol Dl 50 W) 8 sleds

3 e sl dadd a8l s e B ) gl sl OLS 55 Ols e 1) DLASE 0
Gl oilosl 3l 5sy opl 31 (ol ol ilises gla Lo, Sl eslizad b (s SoliSG 5
L e S plde 53 ol W Gl ol J s 5 Wl Al s a0
5358 4 (slerskd Sl eslinal L Lo sl U oJlie Ol g bt oalin LT 51 5y S
FB e ebide 3 ol a8 5L Glay Ul ses o3 5l sd e eslinal ol mls
et S50 3l g 68 Sl ol ol slas )8 Sl O s pol 5L e sl SIS a5
Lilg o 85 ol )OI T 56 s ol & s 56 oS T (65,1,5 s 4 o suaes

Lpd i (W A b e o




6/16/2020

Iy

i

4 &Lp\su..»;):gJ\;}\jjdav.:m.u'de.éQL?:SJSLg\)\;QUSJJUL;\J.g.J\:JjJLgLaL;)ﬂQ.é .
Ve a5 b @ VS s

Sheslazal b 8,5 Sls b oals glasl wpms b Sld el Mol o YU 1T s s

Sle B0 Dl 5 Opraliipon dipd o bdd a8 b 4 SO glay

<lys 6t 6;Jﬁ6\j a:fwf)jb.éwl &:.,”L".st.g‘}!l.g)'\ s gy 5l SIS

L oS50 Sge b oldsl « "YU @ ol 5,00, 3 3,8 e 3 eslinad 55

S 5 s g0 N 0 Gy 5 il s Upd e il S S 3

3 S 5 lge 5 o3 ol osdhe el YU ol sledis Sl eslizad b 3 it

2l g G (63,58 o5l gy adb cul Ll sl eslaial gy 9> s

S sla 05 8 o 1y lysel LSS e 3, Gs g jarls & el

S Sk A

10



6/16/2020

t b
K

Bottom-Up
Approach

Coacervation

MNan oprecipitation

Inclusion
complexation

1mm

100 pm

10 um

1 pm

100 nm

10 nm

1nm

Emulsit

Emulsit
solvent
evapor:

Top-di
Apprc
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Table 1 Different Nanodelivery Systems Applicable to Nutraceuticals
Components (Jafari, 2017)

Type of

Techniques Nanocarriers General Description

Lipid Nanoemulsions  — Simple emulsions (O/W
tormulations multiple emulsions. The

droplet sizes are typically |
— The droplets are kinetical
need high-energy mput t
energy for microemulsior
— An appearance of milky t

Nanoliposomes — — Spherical particles with a
water which 1s coated w1
lipids such as lecithin

— Good carriers for both hy
lipophilic food bioactives

13
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Natural

nanocarriers

Caseins

Self-assemblies of casein in
nanostructures

Average size of 50-300 nm
Good tor hydrophobic bio

Cyclodextrins

oregates by self-

Forming agg
tendency that increases upo
inclusion complexes with 1
bioactives

Able to improve solubility
water-soluble compounds

Nanocrystals

Crystalline nanoparticles w
diameter <100 nm
Able to provide special feat
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Based on
specialized
equipment

Electrospun
nanofibers

— Production possibility with ai
solution, at room temperatur
without coagulation chemistr

matrices in nanorange

Electrosprayed
nanoparticles

. e

Very similar to electrospinning

: : . 5 )

Production of spheres from a |

solution, by applving a high el

and thereby encapsulating difte
nutraceuticals

Nanospray dried
particles

Creating tiny droplets (before
evaporation) in a size range of
smaller order of magnitude than
spray dryers

Canable of nroducine nowder
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Biopolymer
nanoparticles

Single
biopolymer
nanoparticles

Colloidal structures which are
from difterent type of biopoly:
Production of protein nanopat
desolvation technique
Preparation of carbohydrate (n
starch) nanoparticles via nanops
method

Biopolymer
nanocomplexes

Nanostructures made with cor
of biopolymers such as protein
polysaccharides through variot
biopolymer—biopolymer associ
Interactions
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Others

Protein
nanotubes

Principally are produced tr
a-lactalbumin which is a fr:
proteins

Concentration of protein i
nanotubes are formed thro
hydrolysis and calcium 1on

Carbohydrate
nanogels

Nanoparticles composed ot
hydrophilic bioactives) or «
hydrophobic compounds)

Most often are produced f1

The pores in nanogels can
small molecules or macron
Their properties, such as
degradation, and chemical
can be controlled

Amylose
nanostructures

Inexpensive, abundant, bic
biodegradable, and nontox

1 2 1 1 L
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Nanoformulations for lipophilic nutraceuticals

Lipid & surfactant-based nano-carriers

Polysaccharide-based nano-carriers

Protein-based
nano-carriers

3

Nanoliposome SLN Nanoemulsion Micelle

Nanosuspension
/Solid dispersion

Polymer Polymeric
nanoparticle micelles

Inclusion
complex

Protein
complex

Casein
micelles
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Oil phase

WIO

Double emulsions

Nanoemulsions

PEE SN
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Solid lipid

Liquid lipid

33



6/16/2020

Fatry acids

Dodecanoic acid
Myristic acid

Palmitic acid

Stearic acid
Monoglycerides
Glyceryl monostearate
Glyceryl hydroxystearate
Glyceryl behenate
Diglycerides

Glyceryl palmitostearate
Glyceryl dibehenate

Trz_'g!;-‘cerides

Caprylate triglyceride
Caprate triglyceride

Glyceryl tristearate/Tristearin
Glyceryl trilaurate/Trilaurin
Glyceryl trimyristate/Trimyristin
Glyceryl tripalmitate/Tripalmitin
Glyceryl tribehenate/Tribehenin

Waxes

Cetyl palmitate
Carnauba wax
Beeswax
Liquid lipids

Soya bean oil

| Oleic acid

Medium chain triglycerides (MCT)/caprylic- and
capric triglycerides
a-tocopherol/Vitamin E

1 Squalene

Hydroxyoctacosanylhydroxystearate

| Isopropyl myristate

Cationic lipids

Stearylamine (SA)

Benzalkonium chloride (alkyl dimethyl benzyl ammonium
chloride, BA)

Cetrimide (tetradecyl trimethyl ammonium bromide, CTAB)
Cetyl pyridinium chloride (hexadecy! pyridinium

chloride, CPC)

Dimethyl dioctadecyl ammonium bromide (DDAB)
N-[1-(2,3-dioleoyloxy)propyl]-N,N,N-trimethyl ammonium
chloride (DOTAP)
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Surfactants
lonic surfactants

Sodium cholate

Sodium glycocholate

Sodium taurocholate

Sodium taurodeoxycholate

Sodium oleate

Sodium dodecy! sulphate

Amphoteric surfactants

Egg phosphatidylcholine (Lipoid E PC §)

Soy phosphatidylcholine (Lipoid S 100, Lipoid S PC)
Hydrogenated egg phosphatidylcholine (Lipoid E PC-3)
Hydrogenated soy phosphatidylcholine (Lipoid § PC-3,
Phospholipon 80 H, Phospholipon 90 H)

Egg phospholipid (Lipoid E 80, Lipoid E 80 §)

Soy phospholipid (Lipoid § 75)

Non-ionic surfactants

Tween 20
Tween 80
Span 20
Span 80
Span 85
Tyloxapol

Poloxamer 188

' Poloxamer 407

Poloxamine 908
Brij78

Tego care 450
Solutol HS13
Co-surfactants
Butanol

Butyric acid
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