NANOPARTICLES - PREPARATION

AND APPLICATIONS
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DEFINITION OF NANOPARTICLES
Ay sia ol Clageal) iy sl

Nanoparticles are solid polymeric particles
of a size between 10 and 1000 nm into
which drugs or
biologically active materials are incorporated,

surface adsorbed or chemically bound.
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nanoparticules

Scale of Sizes
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Scale of Sizes
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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 3 Particle Settling Velocities

Particle size (nm) Settling velocity (nm/sec)
1 0.00043

10 0.043

100 4.30

1,000 430

10,000 43,005




FEW GENERAL REMARKS
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Why do we need a pharmaceutical carrier?
Ay aval) JB) oil) zliad 1id
1. Protect a drug from the body
aall e g gall dglaal
2. Protect the body from the drug
RARN Y PWEN P EPEN
3. Adjust pharmacokinetics, I.e. distribution

and clearance
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Nanoparticles offer unique properties as compared to micro-
or macroparticles. Salient features include the following:

Small size.

High surface area.

Easy to suspend in liquids.

Deep access to cells and organelles.

Variable optical and magnetic properties.

Particles smaller than 200nm can be easily sterilized
by filtration with a 0.22-um filter.



PRINCIPALES OF TARGETTING
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PHARMACEUTICAL NANOCARRIERS
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Factors affecting the solubility of solids in liquids

Solubilizing agents — surfactants

® By the addition of a surface-active agent which forms
micelles. In agqueous systems, non-polar molecules will
dissolve in the interior of the micelle, which consists of
the lipophilic hydrocarbon moiety.

® The amount of surfactant to be used for this purpose
must be carefully controlled. A large excess is
undesirable because of cost and possible toxicity. An
iInsufficient amount of surfactant may not solubilize all the
drug, or may lead to precipitation either on storage or on
dilution of the product.



Surfactants

Surface-active agents
commonly known as
surfactants are a group
of substances that,
when present at a low
concentration In a
system, adsorb onto
the surfaces or
Interfaces of the
system and reduce to a
marked degree the
surface or Interface
tension.

Water
)
Oil Oil/water
Interface
Head Tail

(polar/ionic) (nonpolar)




Micelles

N 7

Polar surface
(hydrophilic) Non-polar centre
(hydrophobic)

Micelle diameter I1s about 5 nm



Factors affecting the solubility of solids in liquids

Solubilizing agents -
Cyclodextrins

® Cyclodextrins are °
manufactured by the o
enzymatic degradation of
starch using specialized -~
bacteria.

® There are three natural
cyclodextrins, the a, f 0 ome °
(structure to the right) and y
forms, the ring structures of
which are composed of 6, 7
and 8 glucose units, P Cyclodextrin (R’=R”= H)
respectively, as well as an
expanding series of
derivatives.




Factors affecting the solubility of solids in liquids

® Cyclodextrins form cyclic structures,
resembling hollow cylinders. As the
Inside surface of the ring Is

Hydro-
hydrophobic, owing to the presence of - ﬁ/b-

phobic
CH groups, drugs that are poorly soluble Drug

In water can be accommodated here.
The outer part of the structure is
hydrophilic and therefore freely soluble

in water. ﬁ
® Poorly soluble drugs of appropriate

size enter into the interior of these
structures, forming soluble complexes,
usually with one ‘'host’ molecule per
cyclodextrin molecule.

Cyclodextrin
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COMMERCIALLY AVAILABLE

/ NANOPARTICLES
L a5 giall Ay fia gilil) cibagen

« Abraxane® Abraxis
Paclitaxel-loaded Oncology,
albumin NP Los Angeles,

USA
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COMMERCIALLY AVAILABLE
NANOPARTICLES (Diagnostics)
(Gasddidl) 8 daadiciall) Ly lad 5 8 giall 4y e oilil) cilagaadl

« Nanocol®
Albumin-NP for
PMTc-labelling

* Quantison®
Air-filled albumin NP

 Albunex®
Air-filled albumin NP
« Optison®
Perfluorocarbon-filled
albumin NP

Amersham
Amersham, UK

Andaris

Mallinckrodt,
St. Louis, USA

Mallinckrodt,
St. Louis, USA




COMMERCIALLY AVAILABLE
NANOPARTICLES (Diagnostics)
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Table |. Nanoparticle-based drugs that have been approved or are being tested in the clinic.

Commercialname Platform Targeting ligand Active pharmaceutical Indication Status
ingradient

Nanoparticle systems without targeting ligands

DaunoXome liposomes daunorubicin Kaposi's sarcoma approved

Myocet liposomes doxorubicin combinational therapy of approved
recurrent breast, ovarian cancer

Doxil/Caelyx PEG-liposomes doxorubicin refractory Kaposi's sarcoma, approved
recurrent breast, ovarian cancer

Onco TCS liposomes vincristine relapsed aggressive approved
non-Hodgkin’s lymphoma

Abraxane albumin-bound paclitaxel metastatic breast cancer approved

paclitaxel nanoparticles
Genexol-PM* PLA-PEG micelle paclitaxel metastatic breast cancer approved

21



:Carbon nanotubes (CNT) 4 sl 4y 63Ul i) -1
100-1 O 90 A Wdshg s gili] La kel &) ghan) JS& o 4 ghaa ) ) (e ABaaS L Lo ) (S ¢ 938 )3 (e Al ige Apsldes S (A
S il

(MWNTS)_laad) Basatia 43430 qulily (SWNTS) ) dpataf 4y 93l cunlil 145 5300 i) (e (e 55 SUia

SWNT (single walled

1 graphene nanotube)

Graphite laver

2 +n graphene

TS MWNT

(multi walled

a s Talll IR D ]
-‘E‘-‘J:Uﬁ‘ 41,3_,1_4\ i) A nanotube) 29



Carbon 4 Sh 4 o3l ¥ -1
:nanotubes (CNT)

small bada Ay albia Ay

(e Bu B Lailedy adall macromolecules
Il (el Al L) oo SLab (JSAl caaal) Gua
— MJMU 3k &l e ‘\Ayu\ u.u\.\\ﬂ lad 3 jaaa
S g9 gAY duadlinl alail) g o) gall ol ala
dills e\-u&)l DJA-\A‘UA AS g3 Jud MUA LeSoliaY
c‘\#w\ 4,,5,&155\-43\ bgﬂ\j c\d@ t..ig&ﬂ\ UJJM cAalaiiall
cSJbﬂl @Lﬁ\ @5&\3 cs'-lej@iﬂ Z\,)ll.d’ mwu
daluall Abla) Aamall lal o) Hmall gl
5l Ladacdl)

23



:metallic nanoparticles 4xaall 43 6ilill Claswall (2

<25 5 .DI0SENSOF diaslasll cilabial 5 2,1 Jlay yia JelaS &yl Lsedd) cilapual) a3
8 Asaa ) Y GV s Aazadll 5 Can Al A il Clagua) 85 ¢ alaall e aanll £y 910 Clapuns aiaa
oot sl ol Jlaaioa)

kg@a\sgm@yuuwgiﬁwgﬁﬂg\Mgssjsu”m 28



squantum dots 4 gl g<l) Jadil) (3

Luy e Clawa A (Lrall Aaliial) 4 gl S Lol
Caal A ga (3o (e st 12 51 o la ylal Bale ) 3 jeaa
s oSl (e 8153 1 sSemi-conducting ( cdte Akl
(psrtbs 5 iy @ (ZnSe s dd Adia (a5 slall
c bl Lpaaa A o) SI dadill (alliad

25



Simultaneons excitation at 365 nm
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MANUFACTURING METHODS FOR

NANOPARTICLES
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Emulsion polymerisation elabenall § jall
Interfacial polymerisation g sl G 8 el
Desolvation Gudal) A3} g all) a3 judal

Denaturation of emulsion droplets «ilaiall <) ki feuws
Solvent evaporation cuiall i
Solvent deposition <aally (5 e il G
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Figure 1 Schematic of the two general nanoparticle production
techniques.



MATERIALS FOR NANOPARTICLES
4y ia gilll) Cilasead) B dasdiicial) 3 gall

POLY(BUTYL CYANOACRYLATE)

POLYLACTIC ACID and POLY(LACTIC-CO-GLYCOLIC) ACID
ALBUMIN

GELATIN

FATS (SOLID LIPID NANOPARTICLES, SLN)
POLY(METHYL METHACRYLATE)
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POLYMER MATERIALS FOR
NANOPARTICLES

Desolvation « Albumin
 Gelatine
 Cellulose derivatives



Rolling up

’:

Gelatin Alcohol / Coacer-
vating Agent

—Flocculate region
—Two-phase region

_Coacervate region
Three-phase diagram for water, gelatin, and coacervating agent.




apparent viscosity
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“poor” “intermediary” “good™
solvent solvent solvent

: Uncoiling and extension of a linear polymer molecule with
increasing efficiency of solvent used.
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POLYMER MATERIALS FOR
NANOPARTICLES

Solvent |  Polylactic Acid
Evaporation - Polylactic Acid

copolymers




Emulsion-Solvent Evaporation

Aqueous phase Organic phase .

! . et + water insoluble drug
Distilled water Chiorinated solvent

Surfactant Polymer

e

high-energy source

\mulsmcatno/

e ® o
e ® o o/wemulsiqan
e o

A reduced pressure or
Solvent evaporation

1 vacuum

Raw nanospheres

Centrifugation, Washing (remove
residual stabilizer) Freeze draying (possible)
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Solvent Evaporation

ADVANTAGES:

* Large experience exists with polylactic
acid and with co-glycolide copolymers

« PEG-chains can be attached covalently to
significantly prolong blood circulaltion
times after I1.v. injection
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Solvent Evaporation

DISADVANTAGES:

Requires considerable amounts of organic
solvents

Organic solvents sometimes difficult to remove

Some substances are not stable enough to
withstand the multistep homogenisation

Used mostly for lipophilic drugs, however
hydrophilic drugs can be incorporated using the
double emulsion technique
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POLYMER MATERIALS FOR
NANOPARTICLES

Solvent » Polylactic acid
Deposition Polylactic acid copolymers

* Poly(alkyl cyanocrylates)
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Solvent Diffusion (Nanoprecipitation)

non-solvent  Aqueous phase Organic phase

for drug and polymerDistilled water Acetone
(Surfactant) Polymer

L drug |

N /

Injection
olvent diffusio
recipitatio

:
-

miscible with water

Raw nanospheres

dThe velocity of solvent removal is the key to obtain particles in the

nanometer range instead of agglomerates
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Solvent Deposition

 Two solvents or solvent systems that
are misciple are required

* Drug and polymer must be soluble In
the first system (the solvent) but not
In the second one (the non-solvent)
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Solvent Deposition

» Solvent deposition and
nanoprecipitation occurs when the
polymer solution is added to the
second solvent system
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PHYSICOCHEMICAL
CHARACTERISATION
OF NANOPARTICLES



PHYSICOCHEMICAL
CHARACTERISATION OF
NANOPARTICLES

PHOTON CORRELATION SPECTROSCOPY
ELECTRON MICROSCOPY

ZE"
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'A-POTENTIAL ANALYSIS
_ PERMEATION CHROMATOGRAPRHY
| C

OT

HER STANDARD ANALYTICAL METHODS

ANALYTICAL ULTRACENTIFUGE
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Characterization and Analysis of

Nano-Systems

1. Particle Size Measurement

dSedimentation or creaming tendencies can be
minimized by changing the particle size of the
system.

dThe stability of systems can be monitored by
measuring changes in particle size and size
distribution.

dThe biofate of some dispersed system dosage
forms Is dependent on their particle size
distribution.
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Approximate Size Range of Methods for Particle Size Analysis

Size range

Particle sizing method (pm)

Comments

( )

Optical microscopy (transmitted, ~0.5-600
reflected, polarized light, fluorescence,
and confocal)
Electron microscopy (transmission and ~0.01-10
\_ _scanning) J
Electrical sensing zone (Coulter counter) ~0.5-500
Sedimentation ~1-500
Ultracentrifugation ~0.01-5
Sieving ~H0-5000
Dynamic light scattering (Malvern, ~0.01-3
Nicomp, Brookhaven)
€ Nght scatterning ~0.02-2000
X-ray and neutron scattering ~0.005-10
Size exclusive chromatography or ~0.05-20
field-flow fractionation
Optical sensing zone (HIAC, AccuSizer) ~0.5-500

Important tool for assessing particle size, shape,
flocculation, aggregation, and coalescence, ete. Results
are subjective and affected by sampling technique

High magnification and direct observation of particle size
and shape. Samples need to be dry, coated, or frozen
which can affect stability and size. Instrument is
relatively expensive and difficult to operate

Accurate but requires samples containing electrolyte to
conduct current

Based on Stokes’ law and applied to particles that settle in
the dispersion medium by gravity without causing
turbulence

Based on Stokes’ law and applied to particles that can be
separated in the dispersion medium under centrifugal
force

No practical significance for colloidal dispersed systems

Commonly used particle size method for injectable
dispersed systems. Upper size limit 3 pm

Commonly used particle size method for injectable
dispersed systems

Similar to light scattering techniques but with better
resolution

Particles are separated according to size by interacting
with the stationary phase or field force applied to
samples (electric, magnetic, or thermal). Requires
sample be stable under separating conditions

Based on the principle of light blockage and is the
commonly used method for coarse-dispersed systems
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Characterization and Analysis of
Nano-Systems
2. Zeta Potential

 Solids acquire a surface charge when placed in polar
liquids.

1 Zeta potential measurements provide information on
particle surface charge.

1 Charge shielding by PEG or other hydrophilic groups can
be used to predict the effectiveness against opsonization in
VIVO.

J Zeta potential can be used to determine whether the drug is
encapsulated inside the particle or simply adsorbed on the
particle surface.
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APPLICATION OF
NANOPARTICLES



Most Active Areas of
Application of Nanoparticles

DRUG TARGETING
NUCLEIC ACID AND GENE DELIVERY
ENHANCEMENT OF BIOAVAILABILITY

ENHANCEMENT OF PHARMACOLOGICAL
OR IMMUNOBIOLOGICAL EFFECTS
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C") Formula for R, Phospholipid Name
CH,-O0-C-R; - CH,CH,NH,* Phosphatidylethanolamine
O - CH,CH,N(CH,);*  Phosphatidylcholine

Il
CH-O0-C-R, .CH,CH(OH)CH,OH Phosphatidylglycerol
4 - CH,CH(NH;*)COO- Phosphatidylserine

I
CH=0--0-Ry — M Phosphatidylinosito
H O OH
OH H
H OH

R,, R, = hydrocarbon chains of fatty acids

R; = head group

Structures of common phospholipids used in 60
making liposomes
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