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Introduction to nanoparticle properties
Biological transport of NPs

o For drug delivery, most of the sites are accessible through either
microcirculation by blood capillaries or pores present at various
*

surfaces and membranes. 7y Midodicalation y §o 5oy

o Most of the apertures, openings, and gates at cellular or
subcellular levels are of nanometer size; hegge, NPs are the most

. la<
suited to reach the subcellular level. EA L AN n
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o One of the prime requirements of any delivery system is its Z® %
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ability to move around freely in available avenues and by )
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crossing various barriers that may come in the way.
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Table 9 Approximate Sizes of Components in a Ledl S—=2a 2l
Typical 20-um Human Tissue Cell
Component s \_)3 Size (nm)
Ribosomes 25
Golgi vesicles 30-80
Secretary vesicles 100-1000
Glycogen granules 10-40
Lipid droplets 200-5000
Vaults 55
Lysosomes 500-1000
Proteasomes 11
Peroxisomes 500-1000
Mitochondria 500-1000
Superfine filaments 2-4
Microfilaments 5-7
Thick filaments 15
Microtubules 25
. ~ . Centrioles 150
Yo 5ok fol v 12l o Nudear pores] 70-90
Pores ) |D'v\ L.Zf\f'/-ﬂ Dl Nucleosomes 10
Chromatin 1.9 16

Jo-90 rﬁ—‘U

16

nano N\ size. )y u=? '\'ayae:l'\'s&w- M tees



NP 3, 89

(@
Solid NPs

* Solid NPs are solid constructs in the nanometer range, and can be
prepared by a number of different manufacturing methods which
generally involve either:

2 /”/;7/"'/ — size reduction of particles (e.g. by milling) to within the nanoparticle
¢ range,

« commonly used to prepare drug particles in the nanosize range where there is no
carrier material added Polymer s\convier 0sa DY )y bz

— molecular agglomeration (e.g. by precipitation methods) to form NPs

* more commonly used to prepare nanoparticle carriers in which drug is loaded.
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Bulk materials Nanomaterials Atoms or molecules
Two basic methods to manufacture nanomaterials.
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Solid NPs

Nanovesicles ex: l|‘Pn$s(\'\€_

-

N

Nanotubes Nanofibers Nanohelices
dupes L= ysle . 32
Solid NP examples ~ £2
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NPs by wet ball milling

o The preparation of pharmaceutical NPs by wet (bead, or media) milling reduces
drug particles to a mean particle size less than 0.4 um, more commonly 100 or
200 nm.

o In this process, drug is wet milled as a suspension in water, or in a medium
such as safﬂo'wer oil, eth_fmol, t—buganol, heacane.

o The milling dispersion also contains one or more surface modifiers which
adsorb onto the freshly formed surfaces of the drug and prevent agglomeration
through steric and/or electrostatic stabilization.
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Electrostatic Stabilization Steric Stabilization
Aspect Electrostatic Stabilization Steric Stabilization
. Repulsion from surface charges Physical barrier from adsorbed
Mechanism .
plus electrical double layer polymers/surfactants
Entropic repulsion: Overlap restricts polymer u
i ] p=le OO 2 l=_
Key Force Coulombic (electrostatic) UG — inferaation

Osmotic repulsion: Solvent molecules rush in

to dilute it, pushing particles apart. Em ”"""! o %:f—:':

CMY?!. Jids s 1o\ s ]
Common Stabilizers |Ionic surfactants, pH %dj&stment Non-ionic polymers (e.g., PEG, PVP)
e

Advantages Simple, effective in low-salt water | Robust in high-salt or non-aqueous medidkvé )L 24))sdl Lo

SenStives
Disadvantages /—Sensitive to electrolytes / Imic,s\vojﬂlequires thick polymer layer; higher cost

‘/ Aqueous systems with low ionic High-salt, organic solvents, or broad pH a¥ pi H’Qj‘;’ E_:“"
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NPs by wet ball milling

. . . o polymar  pelymer”

o Typical s%rface ’modlﬁers include IOWHP 1Cscgos[1ty>:rpluromcs, PVPs.
hydroxyproﬁ?l Rdgﬁglg%gres, hydroxypropyl m: yscelluloses, PEG’S,
lecithin, dextran, aerosol OT, Tween 80, sodium lauryl sulfate, docusate

sodium, and godium deoxycholate) b ile Satt- eurce “‘{"Viﬁ A7 Rerosd

o Drug concentrations as high as 40% can be milled, and milling time can

range from minutes to days depending on the energy put into the milling
process. milling Fime )y LS enary - Sjceep

o Milling can be done under refrigerated conditions which minimize

thermal degradation. . refriperator, Cool \'Jau:kd- Z L= miling 30
——— v . .
Heat= & saw
22
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Q Aerosol OT (AOT), or sodium bis(l—clhylhc.\yl) Sll“l).\'llCCil]lllC. IS a highly effective anionic surfactant
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Circulation pipe
reciralothion (gp

The mi]l can be operated
a batch or a
recirculation mode.
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Milling unit

Figure 1 DISPERMAT® SL: schematic view of a bead mill using
1 recirculation method. Source: From Ref. 21. 23
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The media milling process
*  The milling chamber charged with
bruy ystabll | polymeric medid is the active
component of the mill.
DYQ*‘D_“W consisting of drug,
+ sfabl lizer” water, and stabilizer is fed into the
milling chamber and processed into a
Mnocrys S /s nanocrystalline dispersion.
8 Goyel=s  The typical residence time required
wetter to generate a nanometersized
Freez digmy.  dispersion with a mean diameter
5| <200 nm is 30-60 min

micro Filtration or &was
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Screen

retaining
milling media
in chamber
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. (From Liversidge, E.M.; Liversidge, G.G.; Cooper, E.R. Eur. J. Pharm.

Sci. 2003, 18, 113-120).
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Table 1. Marketed products containing drug nanocrystals.

Trade name INN name FDA Nanosizing Company Adminstratio
approval technology n route
NanoCrystal®
Rapamune® Sirolimus 2000 (WBM) Pfizer (Wyeth) Oral
NanoCrystal®
Emend® Aprepitant 2003 (WBM) Merck Oral
NanoCrystal® Fournier Pharma,
Tricor® Lyphantyl® Fenofibrate 2004 (WBM) Abbott Laboratories Oral
IDD-P® (HPH)
high- pressure Sciele, Shionogi
Triglide® Fenofibrate 2005 homogenization Pharma Inc. Oral
Megestrole NanoCrystal®
Megace® ES acetate 2005 (WBM) PAR Pharmaceuticals Oral
Invega® Sustenna® Paliperidone NanoCrystal® Parenteral,
Xeplion® palmitate 2009 (WBM) Janssen Intramuscular
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Solid polymeric NPs

* Solid NPs can be formed from polymers with the drug
incorporated within the polymer matrix or associated onto the
particle surface.

* Polymeric NPs are generally formulated from natural or synthetic
polymers with the most commonly studied polymers being those
which are biodegradable, such as:

— poly(lactide-co-glycolide) (PLGA),

— polylactic acid (PLA),

— polycaprolactone (PCL

) Ehiz)sai (/,Qo(g»;zn oo ;z:rfﬁ)\&'-"'s\"“p Pamscrysta ol 51 i dst &5
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Solid polymeric NPs

Several nanoencagulatlon methods that have been adapted to pharmaceutical use.
2 Saolven Bua -- -

Example: Emulsion evaporation method polymeric Rps 3\3;#—213 LORNY
7 S . . . .
b; o Drug and polymer are dissolved in a volatile organic solvent.

o The mixture is emulsified in an aqueous solution to yield very small droplets size (e.g. by
high pressure homogenization). Emult) fiey : Fweengy 7 S5 ) DeCneate -~ 22 _pyw

o The resulting emulsion is stirred until most of the organic solvent evaporates, leaving solid
NPs that may be washed with water and freeze-dried.

o To facilitate solvent evaporation, the emulsion is often heated slightly above the boiling
point of the solvent. For example, when methylene chloride (boiling point: 39.8 °C) is used
as an organic solvent, the emulsion is heated to ~40 °C. (25 Qe O\ )
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Emulsion evaporation method
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lipid MPs (2 polymire VP 3) d ¢ 5

Solid lipid NPs

o These are NPs made from solid (high melting point) lipids dispersed in an
aqueous phase.

o Examples of lipids used include: A

— solid triglycerides, sy X

— saturated phospholipids =St as% e
. s L e Sushachaililoly

— fatty acids -

o The drug is incorporated within the lipid matrix of the particle or by attaching
the drug to the lipid nanoparticle surface.

o Solid lipid nanoparticle dispersions have been developed for parenteral, oral,

ocular, dermal and cosmetic applications. ~ (=\elenl Cb’slsgl'lﬂ( o é“f#‘ﬁ S\yold e /s ke

0 They can be prepared on a large-scale by homogenization to disperse the lipid

into an aqueous environment. -

5urJ\ou‘i’)z9a7ucou5plma, lipid Pree = / 195 Mgmfzoﬁ‘im)\ﬂ/t\ SRR JJa
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Protein NPs.  protein Coidiec J)

o The first commercial product based on protein nanotechnology was
® :
Abraxane (p.'elcht.':lxel%.mDnm ) 7

A CI %)
Abraxane® consists of 130 nm particles of albumin-bound paclitaxel.

o The drug, pa’gri axel, has allow water solubility)and requires addition
of sths to allow its clinical use.

0 The albumin functions to coat the paclitaxel and provide colloidal
stabilization to the drug and avoid the toxicity issues associated with
the use of solubilizers.

- 2o Mbumin A 638
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nab™-paclitaxel individual
molecule

nab™-paclitaxel complex /

& [&T4nmin size®|
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Paciitaxel| —> <= Mlwmiin My it
dodpadisdl  Aigerston oF Petcitale)

S

“E‘r};/“l 130 nm in size™ A single molecule of albumin can bind up to 6 or 7 molecules of
Yoo paciitaxel®
\ P\g NP 31
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Inorganic NPs % Silver wp: ool Jype5S
healivq -~
o NPs can be fabricated from inorganic (_fopical )
materials including metal oxides, metal ““"“';(,
sulphides, carbon nanotubes, calcium % o
phosphate and ceramics. e

. _wrds b b acumilidin @ (4.
o Disadvantage: thé‘}’/mére not biodegradable

and so have a more limited application.
. 3 e "-{“) -33 ~|4’x
o Example: Abdoscan® 1s an 1ron oxide
nanoparticle ~ formulation = which s
administered orally and can be used for
magnetic  resonance imaging (MRI)
diagnostics of the bowel, as it is a

superparamagnetic.

GastroMARK®
Lumirem®
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34 wp—isl, Polymer-drug conjugates
Dlece,5
o To improve the drug solubility and/ or the delivery of drugs, ‘PWM‘\’B
drug molecules may be conjugated to polymers producing
polymer-drug conjugates. povgmer 3 g \inksye Wl upsa
o These polymer-drug conjugates are considered as new
A\t s> J2e <)) chemical entities in their own right and, as their overall size
Druy plyme” ig generally below 100 nm, these systems can be classified
within the general area of nanotechnology.

33
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Polymer-drug conjugates

A polymer-drug conjugate can be described as being built of three basic
components:

1) A water soluble polymer backbone.

Examples: PEG, poly(ethyleneimine) (PEI), PVP, Polyvinylalcohol (PVA),
poly(glutamic acid) (PGA) hydroxypropylmethacrylate (HPMA) copolymers.

2) A linker group. D‘f"j W do b polymerdizoss

* to help avoid the therapeutic action of the drug being blocked by the polymer

 can also be designed to be cleaved under certain conditions, such as changes in
pH, enzymatic degradation or hydrolysis. —\('E’ ! ytheredion A 96\6"@( 3, e

3) Drug e Ap ) kel S rycepror

34
34
e P clenege o T2 condition 3 65, (2 iz linker
Esterst amid 1 () hydrlys o) ) S\ L Soagre > 2

[
, uKyﬁf_,



?)Q’W\(@ain
Polymerbackbone

o —)'&Vg@f |'Vlj me\'e,‘lj

12 sa%

[P'Wo_éem
Spucer ;' stz | Cfost [nlter
Copjgod'lbn RV
OYuy MO Dfl_/lj ] 8 &
poyrer 3>
. NN, e
Drug Polymer Linker  Targeting
moiety
Polymer-drug conjugate
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35
Polymer-drug conjugates &l

Water soluble polymer backbone
Examples:

» Synthetic: poly(ethyleneglycol) (PEG),
poly(ethyleneimine) (PEI),

Poly (vinylpyrrolidone) (PVP),

Polyvinylalcohol (PVA),

poly(glutamic acid) (PGA)
hydroxypropylmethacrylate (HPMA) copolymers.

Natural : dextran, chitosans, hyaluronic acid and proteins can be used.

36
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Polymer-drug conjugates

A linker group

[—

e

37

Whilst a drug can be directly covalently bonded to a polymer, it is more
common to attach the drug via a /inkeror spacer group, to help avoid the
therapeutic action o the drug being blocked by the polymer.

The linker can also be designed to be cleaved under certain conditions, such

as: Drug ———— >
changes in pH, Spilff"‘/ ,
enzymatic degradation or S m
y . . Polymer s P \\J//
hy'dI'O lys 1S. backbone

Targeting —
group

37

Polymer-drug conjugates

A linker group

(o el

Water

\,?lgmlya's

38
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This property can be used to promote the triggered release of the
drug from the polymer conjugate under suitable conditions,

thereby enhancing drug targeting. Enzyne 2Ps S pH =
Examples of linker groups that can be used include: amidase o amid |3
. eslerafe o ester
— amine

— carbamate

— ester groups,

amide (the most common option)

38
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Polymer-drug conjugates

Drug 024V 225250
» Anti-cancer chemotherapeutic agents e.g. doxorubicin and
paclitaxel

» — polymer conjugates can improve delivery and reduce unwanted side
effects or these drugs which have narrow therapeutic windows.

* Proteins e.g. L-asparaginase or interferons.

— By conjugating proteins to polymers it is possible to increase their half-
life by protecting the proteins from enzyme degradation and reducing
clearance rates.

B i ‘ - B . _ 39
‘\’Zzl\\uv M&}VJ. ‘{“’Y‘jde‘b Ugw; IAPQL/J’ }’/‘}] ‘}"éavu o )\ L)LE) J‘)‘P X

preivs }) le) linkogye jas W Erzgre Degradation L s 652 protelns g
b@ faclcttion ),[;» Pr’mlec\“bn L‘L\ﬁ-‘ Pdl(yp.w Jjga

U2 deaol  Liposomes and bilayer vesicles

o Liposomes are closed spherical vesicles consisting of an aqueous
core surrounded by one or more bilayer membranes (lamellae)
alternating with aqueous compartments.

o These bilayer membranes can be composed of natural or synthetic
amphiphilic lipids, and commonly phospholipids are employed for
the formulation of liposomes, however a range of amphiphilic lipids
can be used.

‘7;/5 Zycen‘cjts}] [}10}&57"75)’0/ J' L&ci'}'hir) ]'D-"-’:‘)‘ (S
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Liposomes and bilayer vesicles

\#$ 2 \A(B Liposomes form when the lipids (which are surface active with a
&=+ hydrophilic head group and a hydrophobic chain(s) at opposing ends)

o« . .
”“}Sw d; are exposed to an aqueous environment. Miceles 3\

. eeiﬁ 0 Under appropriate lipid-to-water ratio and temperature, the 11p1ds
will arrange into bilayer vesicles. Shability 2229 > T Ji

o Unlike micelle formulation, which form spontaneously, energy must
be added to the system to drive the formation of liposomes.
miede)) o6 o\ W2, g@nﬁnwy WS meelle JI/ e as\_,gr;;,—\r,&hpasww&u_é\ Olle
mitdlle M GEE CNC ) il A
critde micelle Gongent
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PEG hydrophilic
coating

—_—

Bilayer formed in an
aqueous environment

hydeprdois) wj| |
Hydrophilic head HP\Ab;laM\f

Targeting group

mybi s

® Drug dissolved within the aqueous core
Hyd hobi layload 1 . . .
ATPRSaERNSS <> Drug solubilized within the bilayer

Hydrdphiiceore 3 Drug adsorbed on the surface
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Liposomes and bilayer vesicles

Q Dueqi) their nature, liposomes are able to carry both

agus part 11

water-soluble and

lipid sy <lipophilic moieties, with the water-soluble drugs being incorporated
within the aqueous compartments and lipid-soluble drugs incorporated

@223 within the bilayer.
Adeaxbion .
dwa 00 In addition, some drugs and molecules can be adsorbed onto the surface

Vi

22

of the liposomes through electrostatic interactions.

o Liposomes can be formulated in a range of diameters from around 30 nm
up to several micrometres, therefore they can be considered as

nanotechnology.
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Liposomes and bilayer vesicles

Small unilamellar vesicles (SUV)

a

a

These are single-bilayer vesicles, around 30 to 100 nm in size.

These are generally easier to prepare in a homogeneous size range
compared to other types of vesicles and are the most commonly used
in clinically approved products.

Due to their small size there is a low ratio of internal aqueous
volume per mole of lipid. o0 Rquesuw cave J] laf alld

ey
Hexel® 6
Suv LUV GuUvV MLV

A Hon WRolp » vations JL s sz—dlw; 43
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Large unilamellar vesicles (LUYV)

_),.é\ Size _Qu;'

Liposomes and bilayer vesicles

d:‘-’JJI 03*!} Aa' neouye.

o These are large single-bilayer vesicles of 100 nm and greater.

o These vesicles offer a larger aqueous compartment compared with SUVs.

Multilamellar vesicles (MLYV)

o These vesicles have multiple concentric bilayers and are 100 nm to several

micrometers in size, depending on their composition and their method of
preparation.

Their low aqueous volume (due to the multiple bilayers) reduces their

capacity or carrying water-soluble drugs.|
Suv Luv Guv MLV
46
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Examples on clinical applications (-4, (] jsla]

S sV 2P0
Liposomes and bilayer vesicles

AmBisome*
Liposomal Amphotericia B

CRVS

Cancer chemotherapy (e.g. Caelyx® and

DaunoXome®)

Treatment of systemic fungal infections (e.g.

AmBisome®)
Delivery of vaccines (e.g. Inflexal V®)

Sustained drug release (DepoCyte®and DepoDur® )
morFine '

47
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Examples of clinically approved liposome products

A Z:L:_/_/\_;JISL{_UI

Product name Drug Formulation Clinical indications
AmBisome® Amphotericin B SUV liposomes. The vesicles are less An antifungal agent given
than 100 nm in size. Amphotericin B is | intravenously for the
intercalated within the liposome treatment of systemic
membrane. fungal infections
, — : it
DepoCyte® Cytarabine Multivesicular vesicles. The vesicles Intrathecal treatment of
are 3 to 30 um in size. Cytarabine is lymphomatous meningitis.
Chemo entrapped in the
aqueous compartments of the
liposomes.
Myocet® Doxorubicin SUV liposomes around 45 nm in size. | First-line treatment of
s 1 ¢ Doxorubicin is loaded into the aqueous | metastatic breast cancer in
5”‘“” "tsmﬂ core of the liposomes where it forms a | women.
lﬁg‘ff doxorubicin citrate complex
48
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Micelle systems

o Micelles are widely used to formulate low solubility drugs in

colloidal solutions. l V\gdrop‘mhc oo hjérzgzuc J Sz

2P
o Their size (often < 100 nm) means that Qmelles can be considered
within the nanotechnology classification.

o very 1 Fugizone® is a mixed micellar formulation which is employed to
hydiopioetc solubilize Amphotericin B, an antifungal agent used to treat
NG invasive fungal infections, such as systemic candidiasis and
histoplasmosis.Prsteal 7% ol he Lo Q%?gs

o g{g é%b )
4 Pmphiphlfc PrT N o Gesho micelles M \VPosomes J| —&

_ *
Suf-faelaﬁ;\j‘pz:; micelles h/lipjég U,o‘_);p_—;» \ipo sovrer A

ooz s 52 A=l Dendrimers

= Dendrimers are highly branched polymeric, star-shaped macromolecules
which can be prepared in the nanosize range. nanes! u_}\P: - &

- There are three main elements to dendrimers:
1. A central core %J\r\\\ s}y

2. The internal dendritic structure, which is composed of the branched polymeric
structure built onto the central core Caredhons ©2 6.0, 5.0, (&G Ly
5! Ug“ 3. The exterior surface of the dendrimer. ’
Gon) kiution . : : .
Drug 4 ¥ These branched polymeric structures are synthesized by step-wise addition
s« of layers of polymer branching, referred to as generations (termed G1, G2,

Pe6 L ete.)
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A dendrimer (coloured) with 4 generations labelled G1 to 4 respectively. Drug
molecules and targeting groups can be conjugated to the exterior of the dendrimer.
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Dendrimers

VivaGel® is a microbicide gel
which uses dendrimers.

In this formulation,
dendrimer 1s  the
ingredient in its own right

The dendrimer has antiviral
properties due to its ability to
bind to viruses and thereby
blocking their ability to infect
cells.
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Nanoencapsulation

« Nanoencapsulation of drugs involves forming drug loaded
particles with diameters ranging from 1 to 1000 nm.

* Owing to their small size, NPs exhibit interesting properties,
making them suitable for a wvariety of drug delivery
applications.

* One can distinguish two types of NPs:

— nanomatrices, which are matrix systems (some times termed also
nanospheres); and fan laya.

— nanocapsules, which are reservoir systems composed of a polymer
membrane surrounding an oily or aqueous core.
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Drug
particles :

Nanocapsule Nanosphere

Schematic representation of a nanocapsule (left). nanomatrix (right)
In Nanocapsules, a core-shell structure with a liquid core surrounded by a polymer shell.
In nanospheres (matrix), the whole particle consists of a continuous polymer network.
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