KU ScholarWorks

Engineering Pharmaceutical Nanoparticles

ltem Type Presentation
Authors Berkland, Cory J.
Download date 2024-07-31 02:58:20

Link to Item http://hdl.handle.net/1808/1169



http://hdl.handle.net/1808/1169

Engineering Pharmaceutical
Nanoparticles

erkland
t of Pharmaceutical Chemistry
hemical and Petroleum Engineering
ity of Kansas



The University of

KANSAS

Acknowledgements

Postdocs:
David Shi, Nancy Zhang, Laura Peek, Min Huang

Graduate Students:
Matt Arnold, Abdul Baoum, Qun Wang, Milind Singh, Mark Bailey, Carl Plumley

Undergraduates:
Casey Morris, Tina Coop, Ryan Ellis

Funding:
NIH, American Heart Association, Cystic Fibrosis Foundation, PhnRMA

Foundation, Juvenile Diabetes Research Foundation, HBC, KMCRI

Special thanks:
The Microscopy Lab at KU, Prof. Russ Middaugh and lab members.




U
=
190!
B
=
£ ey




The University of

KANSAS

Nano perspective....
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Nanometer size particles are small
enough to enter cells.

Particle size

>200 nm
enables
Intracellular
delivery.

5 WWww.genovis.com
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e Control particle...

— Size and distribution

- Morphology

- Surface roughness
e Dispersibility

— Surface chemistry

e Passivate
e Activate

- Consistency/quality control
- Product lifecycle management

\

Particle engineering is critical for
pharmaceutical applications.

Dissolution rate

e Control size
Pulmonary delivery

e ~3 microns
Nasal delivery

e ~5-20 microns
Embolism

e ~10-20 microns
Avoid RES

e >150 nm
Target “leaky” vessels

e <250 nm
Endocytosis

e ~200 nm
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Current practices are process intensive
and harsh for fragile API.

Shear Polymorphism
Heat Loss of activity
Contact Materials Contamination

www.retsch.de
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For example, the bioavailability of
poorly soluble drugs can be enhanced.
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— Spironalactone is a synthetic 17-lactone steroid. Nanoparticle
iSkyePharma suspensions of this drug dramatically enhance the drug dissolution.
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For example, tumor accumulation via
“enhanced permeability and retention.”

(ii) Increased tumor targeting
due to the EPR effect

(i) Decreased exposure of normal  Tumor :
T e T e (iii) Effects on endothelial cells

bloodstream CZ. CZ’ g. ._and vascular permeability

Administration ¢
of conjugate

j/ Hg (iv) Immunostimulation

(v) Increased renal
clearance
of conjugated drug




The University of

KANSAS

® NK105
OPTX

PTX concentration in blood
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For example, tumor accumulation via
“enhanced permeability and retention.”
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Question:
How do you create particles?
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A multitude of methods may be used to
engineer particles.

e Top Down e Bottom up

— Milling/grinding — Crystallization
— Spray drying
— lonic complexation

www.buchi.com and LaVan, et al. (2002)
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Outline of particle engineering
technologies covered.

e Milling/Spraying Technology
e Crystallization Technology
e Supercritical Fluids

Polymer Nanoparticles
Molecular Technology/Polyplexes
Block copolymers — micelles
Liposomes/Polymersomes
Polymer/Drug conjugates
Berkland Lab




Milling/Spraying
Technology
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Wet milling provides a method to reduce
the particle size of poorly soluble API.
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Intensive process

Particle recovery required

www.elan.com and Merisko-Liversidge, et al. (2003)
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Air jet milling reduces particle size to 1-
30 microns or smaller.

e Air jet milling
- Particle-particle collisions
- No heat or moving parts

Fead Funneal

Compressed
Fead Air ar
Gas Inlet
Grinding
Chamber
Compressed

Grind Air ar
Gas

>30 kg/hr production

, Grind Air or Low power consumption
zas Manifald

Replaceable
Liners

www.microntech.com and www.sturtevantinc.com
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Spray drying can be utilized for
engineering particle size/morphology.

e Size control
— Somewhat

e Density control
e Dispersibility
e Stability

Small
molecule API

Large
molecule API
Particle diameter ~3 microns

leads to deep lung deposition .
Oaero = dp (p/pref)O'5 1

www.nektar.com



Crystallization
Technology

For background see Rabinow (2004)
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dioPharma Solution:

Crystals can be designed to be small
and friable for nanosizing.

NANOEDGE Solid Particle Technologies

Direct Homogenization Microprecipitation/Homogenization

High impact collision in the
presence of surface modifier

~—

Surface stabilized particles Produces friable particles
www.baxterbiopharmsolutions.com
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C3 technology uses ultrasound to
control crystal formation.

Using Sonocrystallization
for Seed Production

NO sonicator contact
Crystal formation at higher T

e Control nucleation

e Enhance yield

e Reduce agglomeration NG

e Fewer imperfections I;ﬂpﬁgﬁ'g[g;“d'

e Increase reproducibility resase
e Eliminate seeding? F;Z:f‘
o

o

www.accentus.com
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Nucleation induced by sonication
Increases crystal homogeneity and yield.

Sonocrystallised Batch crystallised

?’fx’ w SR 1 el B 15 ' "E‘i’ﬂlr " T_ s }?’ TU ” {,,,
5!( s 7 aiCae ) o A Rl Ty

Sonication techniques applied to emulsion crystalization processes
provide control over nucleation, crystal size, and quality.

www.glaxosmithkline.com,



The University of

KANSAS

Post-crystallization processing
decreases particle size (submicron).

b After precipitation
a Raw material Before homogenlzatmn ¢ After homogenization

ﬁﬁh

20 microns

Rabinow (2004)
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High pressure homogenization is
another technique.

- input Chamber

Homogemmd %4 R
Repersion . L
B 25 . .};i‘_—'":fl;.—_';.,

; SkyePharma
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Drug
Paclitaxel

multiple

Emend

Cytokine
inhibitor

Agent

Busulfan

Silver

Calcium

Insulin

Undisclosed
Undisclosed

Hapamune

Diagnostic

Thymectacin
Fenofibrate

Budesonide

phosphate

Indication

Articancer
Anti-infective
Articancer

Immuno-
suppressant

Anti-emetic

Crohn's
cisease

Imaging agent

Anticancer
Lipid lowering
Anticancer
Asthma

Eczema,
atopic
dermatitis

Mucosal

vaccine adjuvant

for herpes
Diabetes

Drug delivery company Pharma company

American BioScience

Baxter NANOEDGE
Baxter NANOEDGE
Elan Nanosystems

Elan Nanosystems
Elan Nanosystems

Elan Nanosystems

Elan Nanosystems
SkyePharma
SkyePharma

Elan Manosystems
NUCRYST

BioSante

BioSante

American Pharmaceutical
Partners

Undisclosed

Undisclosed

Wyeth

Merck
Cytokine

PharmaSciences
Fhotogen

NewBictics./llex Oncology
Undisclosed

Supergen

Sheffield Pharmaceuticals
Self-developed

Self-developed

Self-developed

Route
Intravenous

Oral/
intravenous

Intravenous’
oral

Oral

Oral
Oral

Intravenous

Intravenous
Oral
Intrathecal
Pulmonary
Topical

Oral

Oral

Table 2 | Solid-particulate-nanosuspension-based formulations in development and in the market

Status
Phase Il

Preclinical
to Phase |l

Preclinical
to Phase |

Marketed

Marketed
Phase |l

Phase IVl

FPhase /Il
Phase |
Phase |
Phase |
Phase |

Phase |
Phase |

Rabinow (2004)



Supercritical
Fluids (SCF)

For a review, see Yeo, et al. (2005)
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Ultrasonic nozzle, SCF anti-solvent
(SAS) process offers decent scalability.

Safety Valve

Solution _.
Pump Filter

TC

Surge Tank
/Pre-Heater

Crystallizer, (7

®<l=| Condenser

Solvent

CO, cylinder

Maximum Capacity: 0.5 kg/8 h

WWW.crititech.com
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SCFs provide high diffusion coefficients
for rapid/complete solvent extraction.

Before processing

gl _

10,m200kV 101E3 ©151-80 ACETAM

Reduced particle size by SAS
Narrow size distributions
Small molecules, proteins and peptides
Minimal residual solvent

e EXxpensive?

WWW.crititech.com
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Spray-freezing into SCF provides a
novel means to create protein particles.

B - SFL-BSA

A - sieved crystals
10 um '

SCF processed

Sieved

' " . : d e o - l EFL-'EE1
. . \ . I= * sieved ofyslals
o B — e
Spray-freezing into SCF produces 2
& 10 -
E oo,
3 z

micron or sub-micron protein
particles. Particles can also be
homogenized in SCF (cryo-milled) to K

further reduce particle size. 001 04 1 10 100 1000
Size Jum]
Williams, et al. (2004), Leach, et al. (2005) and www.alkermes.com
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Polymer
Nanoparticles
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Baxter’'s PROMAXX microspheres have
decent size control for APl delivery.

e Sustained or iImmediate release

e Sized for delivery

_ Deep Iung Injectable 20pm 55 Laser Light Scattering
. . — 15
e Fabrication Z 1o /\
= 5
- Aqueous =
= 041 1.0 10.0 100.0
- Polyethylene glycol 2
— Insulin crystals 215
L 10
- Lower T s
0
* Stable (dry) e ™

www.baxter.com
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Pure protein particles produced by
freeze-drying with PEG, removing PEG.

e Freeze-drying albumin with PEG - patrticles.
PEG:Albumin 1 0.1 9

Freguency (%)

0.1 | 4] 1idy  1IHKD

Particle dinmeter {2 m)

Morita, et al. (2000)
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Bulk “gel” materials can be made from
crosslinked nanoparticles (oral delivery).

Nanoparticle Network Drug Delivery

MNanoparticles Containing Network kdown Nanopartide Breakdown
Drug are Formed info a Allows Release of Drug Allows Release of Drug
MNetwork Connected by Linkers from the Secondary Struciure

With Additional Drug Entrapped and for Targeted Delivery of

In the Seondary Struciure Nanopartides
www.accesspharma.com



Molecular
Technology/
Polyplexes
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DENDRITIC NANOTECHNOLOGIES INC. (8¢

TINY TECHNOLOGY. BIG RESULTS. =

Dendrimers are gaining interest for
delivering drugs and sensing.

e Easy formulation?
e Size control (Mw)

e Complex or intercolate drugs
- Low drug loading

e Marketed products

. ™
Product Purpose Company
VivaGel™ Prevention of HIV Starpharma
Stratus® CS Cardiac marker diagnostic | Dade Behring
SuperFect® Gene transfection Qiagen
Alert Ticket™ Anthrax detection P b
www.dnanotech.com
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Polyelectrolyte complexes can be
formulated to contain API.

e Long used for gene delivery, PEI-DNA
e Recently, for enhanced transport across BBB

(a) salt-free system (C; =0 M)

Drug is usually mixed
with polymer 1 (binding)
and polymer 2
(opposite charge) is
dripped in with mixing
to form nanogels via
lonic complexation.

intra-particle : inter-particle

(b) salt-containing system (Cs = 0.1 M) Ogawa (2005), Li (2004) and Vinogradov (2004)
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LBL-Technology® can form capsules by
using uniform particle templates.

e Ordered shells
e Dense shells
o 4-24+ layers (8-50 nm)
e API encapsulation
- Entrapped in layer el
— Partitioned into core
e Surface active

PS5/ PaH
Hl.l!.i!::l]ﬂi{'ﬂl

Ger. Offen. (2004) and Peyratout (2004)
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LBL controls drug locale, particle
morphology or coating of drug crystals.

Drug localized to specific
shell layer or core.

Morphology control may || API crystals can be
reduce aggregation selectively coated

Ger. Offen. (2004) and Peyratout (2004)
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Block copolymers
- micelles

b |
W A
Ll
1‘__- -
\

%

%
l

- “‘>
.
?{

....................................................
- MW OM ON M N W ON W N W N N X A



The University of

KANSAS

Block copolymers self assemble in
solution to form micelles.

Hydrophilic outer shell
composed of flexible
tethered polymer strands

= Stimuli sensitivity s

= Excellent biocompatibility

™ i

Drugs

2!““ (XKD
ﬁﬁ{) Aﬁ
Ban_~

Hydrophobic interaction
Electrostatic interaction
Metal complex formation

Block 8t

Micelle core as a drug reservoir =
Stable incorporation of a variety of
drugs

Controlled drug release

,\Stimuli- responsive drug release

~\

J

é N
Introduction of
functional groups on
> the micelle surface

copolymers

50~100nm

= Targetability

. S

Nishiyama (2006) [

Uniform size with a range comparable to viruses
= High extravasating and tissue penetrating ability
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@Slamﬂmithl{line

Block copolymers entrap poorly soluble
drugs in the core of micelles.

Befa-Carotene

1
e —— I

e Improved solubility of poorly

soluble drug
Mon-micellized Micellized
Micelle Labs, Inc. e Amprenavair — HIV protease
e inhibitor

e Formulated with Vitamin E
TGPS to improve
pharmacological properties
(solubllity, permeabillity, etc.

~40 nm diameter
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in Cancer

Micelles accumulate in tumors through
“enhanced permeability and retention.”

(ii) Increased tumor targeting (A)
=
s

® NK105
OPTX

due to the EPR effect

(i) Decreased exposure of normal  Tumor _
tissues due to retention in the (|||) Effects on endothelial cells € 10

bloodstream CZ’ %. g. ._and vascular permeability

ootbo 1 o o .
0 1224 36 45 6072

Administration

\ Time (hr)
Q}%@) ® 10000f ® NK105

of conjugate 5 % 1000k & P TC
\% £ 100
H? (iv) Immunostimulation .§ 1ol
—
§§ 1k
(v) Increased renal g 01
clearance i
of conjugated drug E g 0.01f
2 0.001

0 12 24 26 48 60 72

Vicent (2004), Nishiyama (2006) Time (hr)


http://nano.cancer.gov/index.asp

Liposomes/
Polymersomes
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Liposomes like the STEALTH® Iiposo

may target delivery.

Illustration of a Doxil® liposome. A single Lipid bilayer membrane composed of
hydrogenated soy phosphatidyl choline (HSPC) and cholesterol separates an
internal aqueous compartment from the external medium. Doxorubicin is
_ Red uces M PS u ptake encapsulated in the internal compartment. Polymer groups (linear 2000 dalton

. segments of polyethylene glycol) are grafted to the liposome surface (although
_ | Nncrease reS|dence not shown, the polymer also extends from the inner monolayer of the membrane).

PEG coating

Internal Aqueous
Compartment Contains
Doxorubicin

- Plasma stability f

e Lipid shell/water core
- Decent drug load

— Low permeability 100 nm Liposome Surface
Coated with PEG
o — 100 nm Polymer Layer

— Increase residence
— Extravasation

e FRAGILE!
e Been around and minimal products

Lipid Bilayer Membrane
Composed of
HSPC.Cholesterol

www.alza.com
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Polymersomes offer an attractive
alternative to liposomal formulations.

e PCL-PEG (biodeg.)
e Morphology control
e Cross-linked but flexible
e \Worms circulate 1 week!

Geng (2005), Ahmed (2004) and Hammer (2001)
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Combination chemotherapy reduced
tumor size in vivo.

A

Dmg"loaded Saline or Eﬂlpty
PEG-PLA Polymersome
Polymersome
T
"""" DOX ppt. 2 ‘%
- <
(=
Polymersomes loaded with E \ E e s et S
paclitaxel and doxorubicin ° Y o 1 2 3 4 s
improve the performance of these % 0.6+ ‘~§ time (days)
drugs by accumulating in the o .
controllably releasing these two 0.4- . __ 3- i
drugs. 0 ForTrdmTrT '§
0 1 2 3 4 3

Ahmed (2006)

Days After Tail-Vein Injection



Polymer/Drug
conjugates

intracellularly cleavable
linker

drug molecule

optional targeting ligand
attached via a spacer unit

polymer backbone
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Table 2. Polymer-protein and polymer-drug conjugates

Compound Name Status Comment
Polymer—protein conjugates
SMANCS Zinostatin Stimalmer® Market Hepatocellular carcinoma
PEG-L-asparaginase Oncaspar™ Market Acute lymphoblastic leukamia
PEG-GCSF Neulasta™ Market Prevention of neutropenia associated with
cancer and AIDS chemotherapy
PE G-interferon « 2a PEG-Asys® Market Hepatitis B and C
Phase I/l Melanoma, chronic myelogenous leukemia
and renal cell carcinoma
PE G-interferon o« 2b PEG-Intron™ Market Hepatitis C
Phase I/l Melanoma, multiple myeloma and renal cell
carcinoma
PE G-arginine deiminase ADI-PEG20 Phase | Hepatocellular carcinoma
PE G—glutaminase combined with a PEG-PGA and DON Phase I/l Various
glutamine antimetabolite
6-diazo-b-oxo-L-norleucine (DON)
Polymer—drug conjugates
Polyglutamate—paclitaxel CT-2103; XYOTAX™ Phase II/11I Various, particularly non small cell lung
cancer; ovarian cancer
Polyglutamate-camptothecin CT-2106 Phase | Various
HPMA copolymer-doxorubicin PK1; FCE28068 Phase Il Various, particularly lung and breast cancer
HPMA copolymer-doxorubicin-galacto- PK2; FCE28069 Phase I/l Particularly hepatocellular carcinoma
samine
HPMA copolymer—carboplatin platinate APG280 Phase I/l Various
HPMA copolymer-DACH-platinate AP5346 Phase I/l Various
PE G-camptothecin PROTHECAN™ Phase Il Various

polylethylene glycol); DACH: diaminocyclohexane.

Vicent (2004), Nishiyama (2006)

SMAMNCS: poly(styrene-co-maleic anhydride)-neocarzinostatin; G-CSF: granulocyte colony-stimulating factor; HPMA: M-(2-hydroxypropyljmethacrylamide; PEG:




The University of

KANSAS

Berkland
La.b e Dry powder aerosols

— Cystic Fibrosis Foundation, PhRMA Foundation
e Protein stabilization in nanoparticles

— American Heart Association
e Nanoparticle targeting

— Juvenile Diabetes Research Foundation
e Intracellular drug delivery

- NIH, HBC, KMCRI

e |Implantable controlled release films
— Juvenile Diabetes Research Foundation



Particle engineering is critical for

pharmaceutical applications.

e Control particle... " Dissolution rate
- Size and distribution + Control size
- Pulmonary delivery
- Morphology . ~3 microns
- Surface roughness - Nasal delivery
. o ers « ~5-15 microns
. Dlspers-lllolllty . Embolism
. Flowability  ~10-20 microns
- Surface chemistry - Avoild RES
: o« >150 Nm
o Pasgvate - Target “leaky’
o Activate vessels
- Consistency/quality control » <250 nm
- Endocytosis

Product lifecycle management\ . <500 mm



Micro- and nanoparticles possess

advantages for discrete applications.

e Microparticles e Nanoparticles
- Control release rate - Enhance dissolution
« Reservoir or matrix type . Poorly water soluble
devices drugs
- Protect drugs - Extend circulation
« Co-encapsulation of « >10 nm retained in blood
excipients - Passive targeting
- Passive localization . Enhanced permeability
. Depots - ~10-100 um and retention (tumors)
. Nasal - ~10 um ~100 nm
. Lung - ~2-10 um - Enter cells
- Immune response . Intracellular drug delivery

. Vaccine adjuvant ~1-5 um <200 nm



Exercising control over micro- or

nanoparticle structure.

e Microparticles e Nanoparticles
| —

ORI T

A aqueous core/ »
PLGA shell ~100 nm.smca
(rhodamine- nanoparticles
labeled —
albumin) | .‘

o. %

~50 pm ©0g@ ~200nm
PLGA core/ .%. poly(vinyl-
polyanhydride formamide)

shell (Balaji pH-sensitive

. Narasimhan) nanocapsules
06%R —



Ciprofloxacin nanoparticles associated
with PLGA microparticle carriers.

Monodisperse
low-density
PLGA
microparticles
for deep-lung
delivery of
poorly soluble
antibiotics.

Porous and
irregular structure
improves aerosol

performance.




Exercising control over micro- and
nanoparticle structure.

Nanoparticles as building blocks

pH-sensitive nanoparticle clusters




Coating nanoparticles with PNVF
allowed dispersion in response to pH.

2> 084

o

T

Q o6 Nanoparticle clusters disperse over a few
E _ hours at pH 5.

j=3

O 044

Time (hours)



Controlled agglomeration of

nanoparticles for inhaled dry powders.

- Syringe pump

Stirring

<

w 21 N

——

Filter

}
& K

Nanosuspension Assembly Freeze Dried Powder




Self assembled PLGA nanoparticles
form a low density cluster.

FITC-labeled

Rhodamine-labeled
\ (+) PLGA particles

(-) PLGA particles

Scale bar =10 um



PLGA nanoparticle clusters possess
attractive aerodynamic properties.

A: Aerodynamic diameter
B: Geometric Diameter

0-0 l. ) l - ) l ) l ) l ) l

Diameter (micrometers)



PH sensitive nanocapsules may
selectively deliver drugs intracellularly.

70 -

60 -

50 -

% Transmittance

Time (min)

~200 nm
poly(vinyl-
formamide)
pH-sensitive
nanocapsules
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Table 1. Current advanced approaches to enhancing delivery of poorly
water-soluble drugs.

Solid Dispersions

Intimate mixture of drug substance and diluent, such as
palyethylene glyeal or polywvinylpymrolidone. The modified drug iz
often in an amorphous, more soluble state. Due to the higher
energy state, thare 15 a potantial for recrystallization.

Microemulsions

Micellular despersion of oilfsolvent-dissalved drug as nanometer
size droplets in water. The drug can be directly absorbed friom
the droplets. There are some concems about toxicity of high
surfactant and cosolvent levels and the possibility of precipitation,
Administerad as a liquid.

Sel-Emulsifying Systems

Mixture of drugs, oils, surfactants, and cosolvents that form an
ermulsion wpon administration. Phase inversion may fudher
promate drug release. Can be adminisiered as a solid dosage
farm.

Complexation

Formation of a reversible, noncovalent chemical complex of &
drug with & “camer” compound. Cyclodextrins are the most

Liposomes

comman complexing agenis used to enhance drug absorplion.
Encapsulation of & ﬂrug in un- or multilayered vesicles of
phospholipids. Specific sites can be largeted and certain drugs
can be protected from inactivation.

Partlcle Size Reductlon
{atirition)

Increased particle surface area enhances rate of solubilization

Particle size reduction lo nano-sized particles through attntion in

Wied Nilling the presance of slabiizing agents.
FParhicle size reduction by -ghear processing of an agueous
Homogenization glurry of drug and stahilizing agents.
E::‘nr:ér: Lo Growth of drug paricles with controlled morphology.

|~ Supercritical Fluid-Based|
Approach

Engineered particle growlh uzing suparcntical flusd as a solvent.

Kultifaceted Approaches

Engineered paricle growih using a wide varety of selvents and
stabilizers under several conditions, including precipitation,
cryogenics, and the use of hydrophobic media

e Particle technology
IS developing
rapidly!

e May need to match
method to particular
API formulation.

e A portfolio of
approaches
Improves chances
of success (e.g.
Dow’s BioAqueous).

Conners, et al. (2004)



The University of

KANSAS

References

Pritchard, J. N., The influence of lung deposition on clinical response. Journal of
Aerosol Medicine (2001), 14(Suppl. 1), S19-S26.

e LaVan, David A., David M. Lynn & Robert Langer, TIMELINE: Moving smaller in drug
discovery and delivery. Nature Reviews Drug Discovery (2002), 1 71-84.

e Merisko-Liversidge, Elaine, Liversidge, Gary G., Cooper, Eugene R., Nanosizing: a
formulation approach for poorly-water-soluble compounds. European Journal of
Pharmaceutical Sciences (2003), 18(2), 113-120.

e Merisko-Liversidge, Elaine, Liversidge, Gary G., Cooper, Eugene R., Nanocrystal drug
particles: Resolving pharmaceutical formulation issues associated with poorly
water-soluble compounds. PMSE Preprints (2003), 89 749-750.

e Rabinow, Barrett E., Nanosuspensions in drug delivery. Nature Reviews Drug Discovery
(2004), 3 785-796.

e Morissette, Sherry L., Almarsson, Orn, Peterson, Matthew L., Remenar, Julius F., Read,
Michael J., Lemmo, Anthony V., Ellis, Steve, Cima, Michael J., Gardner, Colin R., High-
throughput crystallization: polymorphs, salts, co-crystals and solvates of
pharmaceutical solids. Advanced Drug Delivery Reviews (2004), 56(3), 275-300.

e Gardner, Colin R., Walsh, Christopher T., AImarsson, Oern, Drugs as materials: valuing
physical form in drug discovery. Nature Reviews Drug Discovery (2004), 3(11), 926-
934.

e Singh, Hardev, Apparatus and process for preparing crystalline particles. PCT Int.
Appl. (2003), 31 pp. WO 2003061816



The University of

KANSAS

References

Dennehy, Robert Daniel, Particle Engineering Using Power Ultrasound. Organic
Process Research & Development (2003), 7(6), 1002-1006.

e Yeo, Sang-Do, Kiran, Erdogan., Formation of polymer particles with supercritical
fluids: A review. Journal of Supercritical Fluids (2005), 34(3), 287-308.

e Jonas, Jeffrey M., Rajewski, Roger A., Subramaniam, Bala, Terranova, Katherine Fern,
Compositions for delivery of poorly water-soluble drugs. PCT Int. Appl. (2003), 23 pp.
WO 2003032906

e Snavely, William K., Subramaniam, Bala, Rajewski, Roger A., Defelippis, Michael R.,
Micronization of insulin from halogenated alcohol solution using supercritical
carbon dioxide as an antisolvent. Journal of Pharmaceutical Sciences (2002), 91(9),
2026-2039.

e Williams, Robert O., Johnston, Keith P., Young, Timothy J., Rogers, True L., Barron, Melisa
K., Yu, Zhongshui, Hu, Jiahui., Process for production of nanoparticles and
microparticles by spray freezing into liquid. U.S. Pat. Appl. Publ. (2004), 54 pp., Cont.-
in-part of Appl. No. PCT/US02/02894.

e Leach, W. Thomas, Simpson, Dale T., Val, Tibisay N., Anuta, Efemona C., Yu, Zhongshui,
Williams, Robert O., Ill, Johnston, Keith P., Uniform encapsulation of stable protein
nanoparticles produced by spray freezing for the reduction of burst release. Journal
of Pharmaceutical Sciences (2005), 94(1), 56-69.



The University of

KANSAS

References

Morita T., Horikiri Y., Yamahara H., Suzuki T., Yoshino H., Formation and isolation of
spherical fine protein microparticles through lyophilization of protein-poly(ethylene
glycol) agueous mixture. Pharm Res. 2000 Nov,17(11):1367-73.

e Ogawa, Kazuyoshi, Sato, Seigo, Kokufuta, Etsuo., Formation of Intra- and Interparticle
Polyelectrolyte Complexes between Cationic Nanogel and Strong Polyanion.
Langmuir ACS ASAP.

e Li, Xin, Zuo, Ju, Guo, Yanling, Yuan, Xinghai., Preparation and Characterization of
Narrowly Distributed Nanogels with Temperature-Responsive Core and pH-
Responsive Shell. Macromolecules (2004), 37(26).

e Vinogradov, Serguei V., Elena V. Batrakova, and Alexander V. Kabanov, Nanogels for
Oligonucleotide Delivery to the Brain. Bioconjugate Chem., 15 (1), 50 -60, 2004.
e Ger. Offen. (2004) DE10244504

e Peyratout, Claire S. and Lars Dahne, Angewandte Chemie International Ed., 43(29) p
3762-3783

e Nishiyama, N. Kazunori, K, Current state, achievements, and future prospects of
polymeric micelles as nanocarriers for drug and gene delivery. Pharmacol. and Ther.
(in press)

e Vicent, M. and Duncan, R. TRENDS in Biotechnology, 2006 24(1)



The University of

KANSAS

References

Xu, Shengging, Nie, Zhihong, Seo, Minseok, Lewis, Patrick, Kumacheva, Eugenia, Stone,
Howard A., Garstecki, Piotr, Weibel, Douglas B., Gitlin, Irina, Whitesides, George M.,
Generation of monodisperse particles by using microfluidics: Control over size,
shape, and composition. Angewandte Chemie, International Edition (2005), 44(5), 724-
728.

e (Geng, Yan, Discher, Dennis, Synthetic filamentous phages from self-assembling
biocompatible diblock copolymers. Polymer Preprints (American Chemical Society,
Division of Polymer Chemistry) (2005), 46(1), 176-177.

e Ahmed, Fariyal, Discher, Dennis E., Self-porating polymersomes of PEG-PLA and
PEG-PCL: hydrolysis-triggered controlled release vesicles. Journal of Controlled
Release (2004), 96(1), 37-53.

e Hammer, D. A., Discher, D. E., Bates, F. S., Discher, B., Won, Y.-Y., Lee, C.-M,,
Bermudez, H., Brannan, A., Polymersomes: tough, giant vesicles made from diblock
copolymers. Departments of Chemical Engineering, Bioengineering, University of
Pennsylvania, Philadelphia, PA, USA. NASA Conference Publication (2001).

e Ghoroghchian, P. Peter, Frail, Paul R., Susumu, Kimihiro, Blessington, Dana, Brannan,
Aaron K., Bates, Frank S., Chance, Britton, Hammer, Daniel A., Therien, Michael J., Near-
infrared-emissive polymersomes: self-assembled soft matter for in vivo optical
imaging. Proceedings of the National Academy of Sciences of the United States of
America (2005), 102(8), 2922-2927.

e Discher, Dennis E., Ahmed, Fariyal, Controlled release polyethylene oxide-based
polymersomes. U.S. Pat. Appl. Publ. (2005), 50 pp., Cont.-in-part of U.S. Ser. No.
460,605.



The University of

KANSAS

References

Ahmed et. Al, Molecular Pharm. (2006), 3(3):340-350

e Meng, Fenghua, Engbers, Gerard H. M., Feijen, Jan., Biodegradable polymersomes as
a basis for artificial cells: encapsulation, release and targeting. Journal of Controlled
Release (2005), 101(1-3), 187-198.

e Connors, R. D., Elder, E. J., Using a portfolio of particle growth technologies to
e?a;ble delivery of drugs with poor water solubility. Drug Delivery Technology (2004),
4(8), 78-83.

e Berkland, Cory, Pack, Daniel W., Kim, Kyekyoon., Controlling surface nano-structure
using flow-limited field-injection electrostatic spraying (FFESS) of poly(D,L-lactide-
co-glycolide). Biomaterials (2004), 25(25), 5649-5658.

e Berkland, C., Kim, K., Pack, D. W., Fabrication of PLG microspheres with precisely
controlled and monodisperse size distributions. Journal of Controlled Release (2001),
73(1), 59-74.

e Berkland, Cory, Kim, Kyekyoon, Pack, Daniel W., PLG Microsphere Size Controls Drug
Release Rate Through Several Competing Factors. Pharmaceutical Research (2003),
20(7), 1055-1062.

e Kim, Kyekyoon, Pack, Daniel W., Berkland, Cory J., Microparticles. PCT Int. Appl.
(2002), WO 2002013786

e Berkland, Cory, Cox, Amanda, Kim, Kyekyoon, Pack, Daniel W., Three-month, zero-order
piroxicam release from monodispersed double-walled microspheres of controlled
shell thickness. Journal of Biomedical Materials Research, Part A (2004), 70A(4), 576-
584.



	Engineering Pharmaceutical Nanoparticles
	Acknowledgements
	Nano perspective….
	Nanometer size particles are small enough to enter cells.
	Particle engineering is critical for pharmaceutical applications.
	Current practices are process intensive and harsh for fragile API.
	For example, the bioavailability of poorly soluble drugs can be enhanced.
	For example, tumor accumulation via “enhanced permeability and retention.”
	For example, tumor accumulation via “enhanced permeability and retention.”
	Question:How do you create particles?
	A multitude of methods may be used to engineer particles.
	Outline of particle engineering technologies covered.
	Wet milling provides a method to reduce the particle size of poorly soluble API.
	Air jet milling reduces particle size to 1-30 microns or smaller.
	Spray drying can be utilized for engineering particle size/morphology.
	Crystals can be designed to be small and friable for nanosizing.
	C3 technology uses ultrasound to control crystal formation.
	Nucleation induced by sonication increases crystal homogeneity and yield.
	Post-crystallization processing decreases particle size (submicron).
	High pressure homogenization is another technique.
	Ultrasonic nozzle, SCF anti-solvent (SAS) process offers decent scalability.
	SCFs provide high diffusion coefficients for rapid/complete solvent extraction.
	Spray-freezing into SCF provides a novel means to create protein particles.
	Baxter’s PROMAXX microspheres have decent size control for API delivery.
	Pure protein particles produced by freeze-drying with PEG, removing PEG.
	Bulk “gel” materials can be made from crosslinked nanoparticles (oral delivery).
	Dendrimers are gaining interest for delivering drugs and sensing.
	Polyelectrolyte complexes can be formulated to contain API.
	LBL-Technology® can form capsules by using uniform particle templates.
	LBL controls drug locale, particle morphology or coating of drug crystals.
	Block copolymers self assemble in solution to form micelles.
	Block copolymers entrap poorly soluble drugs in the core of micelles.
	Micelles accumulate in tumors through “enhanced permeability and retention.”
	Liposomes like the STEALTH® liposome may target delivery.
	Polymersomes offer an attractive alternative to liposomal formulations.
	Combination chemotherapy reduced tumor size in vivo.
	Particle engineering is critical for pharmaceutical applications.
	Micro- and nanoparticles possess advantages for discrete applications.
	Exercising control over micro- or nanoparticle structure.
	Ciprofloxacin nanoparticles associated with PLGA microparticle carriers.
	Exercising control over micro- and nanoparticle structure.
	Coating nanoparticles with PNVF allowed dispersion in response to pH.
	Controlled agglomeration of nanoparticles for inhaled dry powders.
	Self assembled PLGA nanoparticles form a low density cluster.
	PLGA nanoparticle clusters possess attractive aerodynamic properties.
	pH sensitive nanocapsules may selectively deliver drugs intracellularly.
	Conclusions
	References
	References
	References
	References
	References

