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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. -/ size ) L @l
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Fig. 45.1 » Approximate size range of vanous nanomedicmes.

Introduction to Nanoparticle (NPs) properties
Mwygﬁ relstedto size

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

1. Sr.nall size. Dlameter M'UI.; (o . (eachion  Discolion 1) aveq I
2. High surface area—> srmull%ize ap — FdLe
3. Easy to suspend in liquids. -
4. Deep access to cells and organelles.
5. Variable optical and magnetic properties.
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Table 1 Typical Size of Various Objects

Object Size (nm)
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‘ ‘)J Carbon atom 0.1

DNA double helix (diameter) 3
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iy .. Rib 10 N«
(LGl oo Lol Sun )y 00 oL ) e
Bacterium 1,000 ) - i
Red blood cell 5,000 naroparkicle. )| Sapo_Ss0
Human hair (diameter) 50,000 p s .
’ e tvetion 15l
- ; (l,vf’_)J Resolution of unaided human eyes 100,000 Pﬂ‘ df ¢ Ly
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Table 7 Number of Molecules in a Spherical Particle
., Particle diameter Particle volume (mL) Number of molecules
partice J ¢ . Dorice diamete ==
. .o 0.58 nm 8.18 x 10~ %2 1
sphericd]  6e pbe 419 % 10 2 5.05
10nm 419x 10718 5.05 x 10®
15 6
251 oylse 100 nm 4.19 x 10 ; 5.05 x 10
syl & "' ot * |500nm 524 x 107" 6.31 x 10°
fkoption )0 \% Ger | 1m 4.19 x 1012 5.05 x 10°
mM"V’"d" 5um 524 x 107 6.31 x 10™
olecules 3 (F @A 1mm 4.19 % 1073 5.05 x 108

Note: Drug molecular weight =500 and solid density =1 g/mL.
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Introduction to nanoparticle propertles
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f * If the molecular diameter is o, then the percentage of molecules on the
surface monolayer is given as
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Table 2 9% Surface Molecules in Particles

Particle size (nm) Surface molecules (%)

] o0t <oz 4 s 3
100 9.97 OO b o she i
1,000 0.30 moleale § G0 £ o2 v
10,000 0.03

surface o5 5 0

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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—e— Nanoparticulate dispersion (n=5)
—a— Cyclodextrin complex (n=5)
—e— Conventional suspension (n=5)
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Figure 14 Danazol is a drug with an aqueous solubility of 10 pg/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. &< st 2,8 o LA NP
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* 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, 199(40_nm’ and 100-nm particles, respectively.
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Introduction to nanoparticle properties

Surface area and aggregation

» Given their large surface to volume/weight ratios, NPs are prone | ledesy
ST
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to aggregate. e Tame. 2\ St ad w"’a'b q'

» Therefore additives are normally added to reduce a%_gregatlon
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» However, the formulation of a stable nanopartlcle suspension in

vé . Y&&‘ the laboratory is one thing, and the maintenance of the

<monodisperse state in vivo 1s 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 situation. o » v alz! '/5sl.a

> Aggregation Stable ..o ilo i another.
I. changes the hydrodynamic size of the particles, blood ] WLl o water o \pppawles]
biolog 1cal Sys G - en — protein —plag 3
2. affects their diffusion and extrivasation, and et o ’?’M P Im phima £
vasculur $us+am >3 Lo [‘2‘-’.)'@ % J-lse 24 S

3. reduces the effective surface area for interactions with receptors.

» The prevention of aggregation is sought by different approaches such as PEGylation
(covalent attachment of PEG chains to the hydrophobic surface of the particles).
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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"2T

2 1
Brownian motion. 3erd m-s
* This imparts an important property to a
NPs, that they can be easily kept oo, e 5y 2
ite high soli ity. ” .
suspendecli despu'e igh so }d density ,l ﬂc‘ Aot yPA
%+ Large microparticles easily settle out A,
from suspension because of gravity f Wj;wybu,“"“d Suspansion

» D = Brownian diffusion,
» T = absolute temperature,
» d = diameter,

» = viscosity of liquid,
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Table 4 Brownian Motion of the Particles

Particle size (nm) Brownian displacement (nm in 1sec)
1 54,250
10 17,155
100 5,425
1,000 1,716
10,000 543
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