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Introduction

* Pharmaceutical nanotechnology is a term applied to the
design, characterization and production of pharmaceutical
materials, structures and products that have one or more
dimensions between approximately 1 and 100 nm.

* However an upper limit of 1000 nm is often considered.
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Fig. 45.1 » Approximate size range of vanous nanomedicmes.
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Introduction to Nanoparticle (NPs) properties

» NPs offer unique properties as compared to micro or
macroparticles. Main features include the following:

Small Size.high surface area (s s ana

High surface area.
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Easy to suspend in liquids.™ ’ (brownian motiond e

Deep access to cells and organelles. ey s o sema
Variable optical and magnetic properties. .5 pﬁatm;‘izji
Particles smaller than 200 nm can be easily sterilized byﬁSY -
filtration with a 0.22-pum filter. == men e i o e
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Table 1 Typical Size of Various Objects

Object Size (nm)
Carbon atom 0.1
DNA double helix (diameter) 3
Ribosome 10
Virus 100
Bacterium 1,000
Red blood cell 5,000
Human hair (diameter) 50,000
Resolution of unaided human eyes 100,000

Table 7 Number of Molecules in a Spherical Particle

Particle diameter Particle volume (mL) Number of molecules
0.58 nm 8.18 x 10~ %2 1
1nm 419x 10~ 5.05
10nm 4.19x 10718 5.05 x 103
100 nm 419 %1071 5.05 x 10°
500 nm 524 x 10713 6.31 x 10®
1um 4.19 x 10712 5.05 x 10°
5pm 524 x 10 ©© 6.31 x 107
1mm 4.19x 1073 5.05 x 108
5
Note: Drug molecular weight =500 and solid density =1 g/mL.
5
Introduction to nanoparticle properties
Slll‘face area 5 mmnS 4l surface aread) 256 jsia 5uiS Lpasa 43 La (358 oSiSa a5 3
» For a spherical solid particle of diameter d and solid density, pg, surface
area per unit mass S i< oiven ag
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 If the molecular diameter is o, then the percentage of molecules on the
surface monolayer is given as

(4/3)[d® — (d -
4/3)n(d?|
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Table 2 9% Surface Molecules in Particles

Particle size (nm) Surface molecules (%)
& Pepbicet M [z?x /‘;\:ﬁp «
ocleculs ,ie ).\c,g}:t/w SWtage Molecyle
i\z LP Zo“/ »C;z 4/1 '/ 100.00 Core I St Molecule D]
2l FLsafe D 27.10
R 100 2.97
O 1,000 0.30
10,000—=(© Mo 0.03

U Because of the difference in the percentage of surface
molecules, the dissolution rate is much higher for the NPs
when compared to microparticles.
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Figure 14 Danazol is a drug with an aqueous solubility of 10 ng/mL. Here danazol plasma levels
are plotted as a function of time after administration of three forms of the drug including a
nanoparticle dispersion and a hydroxypropyl-B-cyclodextrin complex, using a suspension with a 8
mean particle size of 10 pm as a comparator. Source: From Ref. 83.
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Nanoencapsulation

Surface area

 NPs can show a strong adhesion because of the increased
contact area for van der Waals attraction.

* For example, Lamprecht et al. (Pharm Res 2001; 18:788-793.)
observed differential uptake/adhesion of polystyrene particle to
inflamed colonic mucosa, with the deposition 5.2%, 9.1%, and
14.5% for 10-pm, 1000-nm, and 100-nm particles, respectively.
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> Given their large surface to volume/weight ratios, NPs are prone
to aggregate. S agena Jmadlleweightdl volumd) 4 43Y Lua

4a B 3 B4 aggragation cues 7 (ped sl 4sdll
41 s e bondd) 055
» Therefore additives are normally added to reduce aggregation.

» However, the formulation of a stable nanoparticle suspension in
the laboratory is one thing, and the maintenance of the

monodisperse state in vivo is another.
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Introduction to nanoparticle properties

Surface area and aggregation

» Particles in blood, gut, nose, or lungs have moved from an aqueous-based

_medium to a more complex biological s1tuat10n._} sy L e € e
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> Aggregation
I o i Sosrdogesis
I. changes the hydrodynamic size of the particles,
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2. affects their diffusion and extravasation, and effectiv sle 5 £, diffutiond! sle i £ sl pasdi 1
receptord) ge Jelit lglas - 5 ) surface area
3. reduces the effective surface area for interactions with receptors.

> The prevention of aggregation is sought by different approaches such as PEGylations <“*'<i
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Cationic molecules Micro-environment NP surface chemistry

The Applications of PEGylation
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Introduction to nanoparticle properties

Stokes-Einstein equation:

Furthermore, particles below 1000 nm in
size will not settle merely because of 1.38x107"T 5 1
Brownian motion. = m-s

This imparts an important property to 372'7]d

NPs, that they can be easily kept

suspended despite high solid density.

Large microparticles easily settle out

from suspension because of gravity Colloid Suspansion
« » D = Brownian diffusion,

» T = absolute temperature,
» d = diameter,
» = viscosity of liquid,

13

Suspension Precipitation
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Table 4 Brownian Motion of the Particles A
Particle size (nm) Brownian displacement (nm in 1sec) = _<clpag > assw

Dar¥ce) I
1 54,250 Pachcel D e
10 17,155 “"f“c;z"
100 5,425 oL L
1,000 1,716 ) &
10,000 543
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Introduction to nanoparticle properties

Biological transport of NPs

o For drug delivery, most of the sites are accessible through either
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microcirculation by blood capillaries or pores present at various
. FURCH . . = I ] R
surfaces and membranes, = 22 Sl st pal el () e S o

e el )N~
Most of the apertures, openings, and gates at cellular or
subcellular levels are of nanometer size; hence, NPs are the most

: UL Sal eaaas 55 = opening or gates palls saie (IS 5
suited to reach the subcellular level. a5 £ mano particel <0 1;; '-: L e
assive Diffusion acilitated Transport ive Transport

One of the prime requirements of any delivery system is its
ability to move around freely in available avenues and by
crossing various barriers that may come in the way.

o (M ealall sl 43) sadrug transportdl (51 aal
YV 13¢d barrierd! O Oe Boad a8 43l J& L) juay
drug J) s 391 138 nanoparticeld) e ek

delivery
Table 9 Approximate Sizes of Components in a
Typical 20-pm Human Tissue Cell
Component 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
Nuclear pores 70-90
Nucleosomes 10
Chromatin 1.9 16
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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:

— size reduction of particles (e.g. by milling) to within the nanoparticle

range ol 53 S sized) o sY Liaaal (il 5 Sial o 1S partcel Gl 5 4wl 0355 U5l
g % top down method ket £ seall pmal ol ol e S 5 LG sl daall (J glaty 48y yhall (gla 4d) AlSA

« commonly used to prepare drug particles in the nanosize range where there is no
Carrler materlal added a3ily(pure (%) carrier e pgleal g lasganiinl g2 I particeld) 1)

size reduction methodJ!

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

» more commonly used to prepare nanoparticle carriers in which drug is loaded.
by 7 < g(crystalizationd! s) preciptation 4les) s 2235 (paa solvent < pgsdl s Sl sipowder cual Ll
sl leaaa particel e
bottom up method Lxes! 7 5

molecular aggumaltiond! 233 Carrier .le Jasii WLl s particeld g 121
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Solid NPs
Top down 5 Bottom up
5 ﬁﬁﬁ O% 00
—> 955 (& %59
Gﬁ o O~00
Bulk materials Nanomaterials Atoms or molecules
Two basic methods to manufacture nanomaterials.
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Solid NPs
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Nanotubes Nanofibers Nanohelices
Solid NP examples

19

19

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 pum, more commonly 100 or
200 nm. el (lie galall (adall s 3 L top down method J) 45 sk nanoparticeld) dae 45 yh
wet milling aasiul o 5Y
o In this process, drug is wet milled as a suspension in water, or in a medium
such as safflower oil, ethanol, t-butanol, hexane. suspention Jesd solvent &l leasginl ;2 3l sall slo

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.

20
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FIGURE 2 » Electrostatic and steric stabilization.

Electrostatic Stabilization
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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
Key Force Coulombic (electrostatic) (IR

Osmotic repulsion: Solvent molecules rush in
to dilute it, pushing particles apart.

Common Stabilizers

Ionic surfactants, pH adjustment

Non-ionic polymers (e.g., PEG, PVP)

Advantages Simple, effective in low-salt water | Robust in high-salt or non-aqueous media
Disadvantages Sensitive to electrolytes Requires thick polymer layer; higher cost
Aqueous systems with low ionic . .

Best For High-salt, organic solvents, or broad pH

strength

NPs by wet ball milling

surfactant modifier & slaidy ol sall J 53

Typical surface modifiers include low viscosity pluronics, PVPs,
hydroxypropyl celluloses, hydroxypropyl methylcelluloses, PEGs,
lecithin, dextran, aerosol OF I ween 80, sodium lauryl sulfate, docusate
sodium, and sodium deoxycm

surfactantd! 2aY (s )il auy)

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. Qi 580 OIS 5 aaY g alall IS e 38501 (S S 43 e 38 55 suspentiond! Jass Y L
%40 Go el 058 2 Y Sl el e aiada 81 B - jle adally ageadiy ) ballsd)
ALY aiadaall Jadl (50 S i sk S5l 2 liss rop down millingd) daie
Milling can be done under refrigerated conditions which minimize
thermal degradation.

(A reficerated ) sa millinod dae) ~ 3 heat sensitive sdla (sdic o
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Circulation pipe

The mill can be operated
in a batch or a
recirculation mode.

Product container

Milling unit

Figure 1 DISPERMAT® SL: schematic view of a bead mill using

recirculation method. Source: From Ref. 21.
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The media milling process
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The milling chamber charged with
polymeric media is the active
component of the mill.

A crude slurry consisting of drug,
water, and stabilizer is fed into the
milling chamber and processed into a
nanocrystalline dispersion.

The typical residence time required
to generate a nanometersized
dispersion with a mean diameter
<200 nm is 30-60 min
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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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