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What is a Nanomaterial?

Why do | need to characterise?

What technologies can | use?
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What is a Nanomaterial?

“Nanomaterial’ means a natural,
incidental or manufactured material
containing particles, in an unbound state
Or as an aggregate or as an agglomer-
ate and where, for 50% or more of the
particles in the number size distribution,
one or more external dimensions is in

the size range 1nm - 100nm. In specific
cases and where warranted by concerns
for the environment, health, safety or
competitiveness the number size distribu-
tion threshold of 50% may be replaced
by a threshold between 1 and 50%.”
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Wacker et al., 2018:
Manufacturing and Safety Guidelines for
Manufactured Functionalized Nanomaterials in Pharmaceutics



Nanomaterial \\\///Malvern

. Panalytical
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- Depending on size Nanomaterials can be taken up by cells
- Large surface to volume ratios lead to a high reactive surface with increased toxiticity

(oxidative stress or histological and morphological changes): Farkas et al, 2009, Aquatic
Toxicology)
- Size and Quantification of Nanomaterials plays a critical role because of their small size

Biodistribution of Nanomaterials differs

- Biomolecules and Nanomaterials have to undergo safety and efficacy regulations:
Guidlines given by FDA : this requires brief characterisation of the size ranges of the
manufactures products (https://www.fda.gov/regulatory-information/search-fda-guidance-
documents)

- Two independent methods should be used for characterisation according to European
Food and Drug Adminstration Agency



https://www.fda.gov/regulatory-information/search-fda-guidance-documents

Nanomaterial

Characterisation needs
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Table 21.2 Methods for Particle Size Determination

Method

Measurement
Range

Resolution

Guidelines and
Standards...

Dwnamic light
scattering

Transmission elec-
tron microscopy
Atomic force
microscopy

Atromic force
microscopy

Atomic force
microscopy

5-500nm (JBG E,
2012)

1—-2000Nnm
(SCEMIHR, 2015)

MNIST-MNCL PCC-1

1ISO 22412:2008

ASTM
E2490-09(2015)

R == g ]

=50—100nm
(SCEMNIHR, 2015)

>1nm (JRC E, 2012)

>1nm (JRC E, 2012)

>1nm (JRC E, 2012)

>1nm (JRC E, 2012)

O E TN ST = ==
2015)

0.05nm (SCENIHR,

2015)
Atomic

Aromic

Atomic

NI T-INGL Join
Assay Protocol,
PCC-7

ASTM WK54615

MNIST-NCL Joint
Assay Protocol,
PCC-6
EZ2859-11
MNIST-NCL Joint
Assay Protocol,
PCC-6
E2859-11
MNIST-NCL Joint
Assay Protocol,
PCC-6
s

MNanoparticle track-
ing analysis

>25nm (JRC E,
2012)

10—2000 nm
(Malvern)

ISC/DIS 19430.2

EZ2B34-12

Centrifugal liquid
sedimentation

Laser diffraction

—
10— 5000Nnm
(SCENIHR, 2015)

~20nm (JRC E,
2012)

0.1 pm—3mm

1SC 13318-1:2001
ISO 13318-2:2007
ISC 13318-3:2004
ISC 13320:2009
Ph. Eur. 2.9.31

Wacker et al., 2018:

Manufacturing and Safety Guidelines for

Manufactured Functionalized Nanomaterials in Pharmaceutics
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Nanoparticles (1 nm —1 um)

« SEC-MALS

* Nanoparticle Tracking Analysis (NTA)
*  RMM (Archimedes)

Subvisible Particles (1 pm — 100 pm)
Archimedes (< 5 ym)

Light Obscuration (PMS)

Micro-Flow Imaging (MFI 5200)
Morphological Imaging (Morphologi M4-I1D)

Visible Particles (2 100 um)
* Visual Inspection
* Raman Microscopy

Source:

Validation of product specific methods
Product/Process Characterization
Biosimilarity/Comparability

Stability testing

Forced degradation testing

Formulation testing

Batch release testing

Orthogonal USP <788>, USP <787> testing
Raw Material ID

Customized Image analysis

Classification of particles (silicone oil droplets vs.
protein, etc.)

Raman chemical ID of particles (subvisible and
visible)



Nanosight

nanoparticle tracking analysis

Principle and Set up
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Nanoparticle Tracking Analysis

Principle and Set up

10

Title of the presentation

NTA principle

Instrument and Accessories

Why using accessories?
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Running samples with Fluorescence

Orthogonal technologies
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Microscope
A proprietary optical element

mimum Size limit is related to:

~

s

Particles scattering - Material type
f [
fom laser bearm = Wavelength and power of illumination
source
Liquid * Sensitivity of the camera
e o ° o 0° o o° ¢ ™
— 10-40 nm
llluminated b a
iall ¥ d Maximum Size limit is related to:
specially configure * Limited Brownian motion
laser beam
\ 1000-2000 nm
Laser beam

Particles to be viewed

(approx.50 um wide) are suspended in liquid

Glass

Schematic of laser sample chamber



NTA Experimental Protocol N\ Malvern
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1. Capture: The software captures a movie file of the particles moving™™ "

under Brownian motion

2. Tracking: The software locates each particle and tracks the motion of
each particle independently, yielding mean square displacement.

3. Analysis: Application of the Stokes Einstein equation converts mean
square displacement to particle size. The distribution is an accumulation

of all the single particle measurements.

Capture (~60 sec) Tracking Analysis



Sizing: Stokes-Einstein

® Measure particles’ mean square
displacement (MSD) due to
Brownian motion

® Calculated parameter is particle’s
sphere equivalent hydrodynamic
diameter.

® Temperature measured and
appropriate viscosity used.

® Absolute method — no calibration
required

® Independent of refractive index,
density or mass.
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Stokes-Einstein equation

Kg = Boltzmann Constant

T = temperature

t, = sampling time

1= viscosity

d,, = hydrodynamic diameter



Concentration: Quantify particles in known volume A 4
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- Concentration can be reported for any subset

- Data is accumulation of individual particle
measurements, so any statistical measure
can be applied.

fmly

Concentration {particles

T
s00
SiZe (nrm)

Concentration info:
Particles perframe : 1222

Particles perml : 2.4 x10e9
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Size

<€ >‘
10-40 nm 1000 — 2000 nm

Minimum size limit is related to: Maximum Size limit is related to:

) Material type o . .

> Camera Sensitivity > Limited Brownian motion

) Laser wavelength > Viscosity of solvent

Concentration
~ 106-107 particles/ mL ~ 109 particles/ mL
Minimum is related to: Maximum is related to:
> Poor statistics (Requiring longer analysis time) , Inability to resolve neighboring particles

> Tracks too short before crossing occurs
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Fluorescence measurement (optional) Ny

camera

Video of fluorescence process




Analysis in Complex Biological Media N\ Malvern
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- 100nm fluorescent particles in FBS

Scatter Mode Fluorescence Mode
(all particles) (only labelled particles)
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Available laser sources (nm) Standard filter provided Fluorophores known to
(nm) work based on customer
feedback
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Summary Parameters measured by NTA N\ ///

Number or @ %
concentration ““g°
“Relative

1ze \
.\
Light

S~ Intensity”

v

.

LB
“ W Polydispersity
ve

Fluorescence

..simultaneously, ‘real time’, particle-by-particle
.............. with visual validation



Accessories
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Syringe Pump

Sample Assistant

© 2019 Malvern Panalytical



Accessories N\ Malvern
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Syringe Pump RN Panaplyt "m:pag

Constant flow, very useful for low concentrated samples
Improves statistics for all samples types as it's
Increasing the number of analysed particles
Software corrects for the drift of the particles
Needed for fluorescence mode to work against photo-bleaching




Syringe Pump for better reproducibility

- Constant flow increases sample volume analyzed
- Improved reproducibility due to better statistics
- Automates the SOP for best results and ease of use

Static vs Syringe pump flow

1 2 3 4 5 6 7 8 9 10

Static Sample Syringe pump flow
220000000
200000000 |
E 180000000 il J h
ol I O | O (NN I N DU N O O A U U o O |
o E H Calculated Conc
o
v 160000000
c
0 | -
O
140000000

1
120000000 l

100000000

1 2 3 4 5 6 7 8 9 10
Measurement

) 4
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NanoSight sample assistant N/ malvern
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- Robust autosampler hardware
- Bespoke software suite

- Storage and automated loading of up to 96
samples

- Allows walk-away NTA data generation

- Experiment flexibility



Nanosight Sample Assistant N/ Mavern
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Works with 96-well plates

Requires less than 30 min hands-on time

Set up through NTA Software

Automated cleaning between replicates or samples
Automated mixing of samples before the Analysis




Workflow \\\// Malvern
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From Sample Preparation to Viewing Data \\\\\\\\\\\\\\Panaplyt'fpas

Sampl_e - Up to 96 samples
preparation
Autofocus sample
preparation

Initialization * Guided script

SOP set up * Full flexibility
Run _ -
' « Capture, optional analysis, optional export
experiment

Shut down el script

\ir-SVAl G s S 1l °© L sample or selected
repeats

wells * Overlay selected samples




Sample Assistant

SOP Interface

Time and Yolume Estimates
Wash Volume: 1422 ml

Process Time: Oh 33m

Total Capture Time: 8h 12m

Total Time: 8h 45m

Plate 1

Plate 2

Select Wells

Select All Wells

Import
Sample Names

8
76
6@
5
4
3
2
1

ABCDEFGH

Clear All
Experiments
ExperimentName Sarah BRK005
Camera Level Auto
Duration 3
Repeats perwell 5
Washes perwell 2

Experiment 1

Experiment 2 Load Experiment(s)
Experiment 3

Reload Last

Save All

Process
Detection Threshold

Set Experiment

Per Plate

O

4 Process Process Basic

A Export Experiment CSV(restricte
O

4
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N
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Modal size
(hydrodynamic diameter, nm)

Manual vs Automation Repeatability \\// Malvern

100nm Latex AN Panaplytltm:?g

96 well plate 3x60 second captures in 10 samples measured with 3x60 second

flow-mode, data generated in 24 hours captures in flow-mode by an expert user, or
with samples loaded by the Sample Assistant

% Coefficient of Size Concentration
Varlatlon (Mode, nm) (particles/mL)

Expert user 1.24 1.75

Sample Assistant 0.57 2.35

s Modal Size (nm) -1.0x10°
m  Concentration (particles/mL)

-

Y

o
J

- 8.0x108

.
100'-"-._,-;, seetorrte, o W 00 000 %% '.".'."‘.d' o AP "o".'..o | 6.0x10°

- 4.0x108

('|Lu,rsa|:)|ued)
uoneluUasu0)

90 1

- 2.0x10°

=]
[—]

T T
20 30 40 50 60 70 80 90
Well Number

(=]
-
(=]



Working Concentration Range of Exosomes N\ Malvern

Automated Concentration Linearity Testing Panalyt'ﬁ?t

Experimental Design:
- 2 different preparations of exosomes, diluted in PBS
- Manual Measurement: 1 repeat, 60 second capture, flow measurement

- Measurement with Sample Assistant: 3 repeats, 60 second capture, flow measurement



Working Concentration Range of Exosomes Q
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Automated Dilution Linearity Testing \\\\\\\\\\\\\ aspec¥scompany
Exosomes preparation 1 50-500x dilution Exosomes preparation 2 100-350x dilution
Manual measurements Manual measurements
0025 0.012 9 hours experimental time
0,01 .
. * s f = 9 hours of user time
2 0,015 IS =
= = 0,006
S % S 0,004 ° i
- | . Single dataset
0,002
0
0,00E+00 1,00E+08 2,00E+08 3,00E+08 4,00E+08 5,%OE+O7 1,00E+08 1,50E+08 2,00E+08
Concentration [particles/ml] Concentration [particles/ml]
Exosomes preparation 1 50-500x dilution Exosomes preparation 2 100-350x dilution
Sample Assistant Sample Assistant
0,025 0,012
0,02 ( 1) 0.01
c < 0,008
S 0,015 S ° .
E 2 0.006 Triplicate measurements
= 0% “ = 0,004
oo 0,002 6 hours experimental time
0 _ .
0,00E+00 2,00E+08 4,00E+08 6,00E+08 8,00E+08 1,(()JOE+O8 2,00E+08 3,00E+08 4,00E+08 5,00E+08 - Under 1 hour Of user time
Concentration [particles/ml] Concentration [particles/ml]

In collaboration with University of Oxford, Department of Physiology, Anatomy and
Genetics, Le Gros Clark Building, South Parks Road, Oxford, OX1 3QX, UK




Sample Variety N\ Malvern
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Different sample
types/batches or multiuser
Particles samples grouped in
individual experiments in

the 96 well plate

Polymer

‘ Biological
Particles

For each experiment,
customised capture and
process settings available
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Single NanoSight Sample Assistant run:

4 users

4 types of exosomes

Smaller and larger sample sets

7 experiments with individual capture and process settings

Multiexperiment Multiexperiment
ABCDEFGH
[J Mode Average [] Concentration Average (Particles / ml)

200 4.50E+08
180 % 4.00E+08 g Eﬁ
160 3.50E+08
140 == 3.00E+08
120 2.50E+08 =-=
100 —_— i - = 2.00E+08 =

80 —_— 1.50E+08 EEE

60 1.00E+08 o

40 5.00E+07 —_—

20 0.00E+00

0 EV kidney Fraction 1 Fraction 3
EV Plasma EV kidney EVurine Fraction 1 Fraction 2 Fraction 3 Fraction 4 EV Plasma EV urine Fraction 2 Fraction 4

User 1 — Experiment1  User 2 — Experiment 2
User 3 — Experiment3  User 4 — Experiment 4-7

Multi-experiment data comparison for both modal size and concentration



Small and Large Sample Sets \\\///\ Malvern
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e Modal Size (nm) e Modal Size (hnm)
= Concentration (particles/mL) _5 . 108 m  Concentration (particles/mL)
250- { { { 7 } { [ 3.0x108
_ i — _
E i{-} {}HH}H - 1.5x10° E ; gg
& 2007 ] S -2.0x108% 3
» | - 1.0x108 Z o =
S1s0{ 3 |7 { { L =8
s . !{ { 3 13 8 -1.0<108F
= i, { ! i § F5.0x107 =
100+
50 | 1 1 1 | | | | | 0
0 é 1I0 1I5 2I0 0 10 20 30 40 50 60 70 80 90 100
Well Number Well Number

*Manual focus Sample stability confirmed




Concentration

Sample stability in various condition

Liposomes at High Dilution

(particles/mL)

Conc

6.0x10°84 *

* ¢
LA o < ’: 0‘
N V’O,o‘o,s‘o o * S %

LR
* W 4l weln
I

2.0%10° s MV paul
T M“’N’f-’-ﬁ‘w&

o onety N

0 10 20 30 40 50 60 70 80 90
Well Number

L 4

L1 buffer1
L2 buffer1
L2 Buffer 2

Modal Size (nm)

1109

100 A

80

701

60 -

50

:l .-.‘.‘
* 2 o ata "'t'i“"'»'"
&
0 RIS (€ e w"’gv
1* * 0,000

4

Size

*
Rt SR M ;‘0
* L X3
*

0

10 20 30 40 50 60 70 80 90
Well Number

Liposomes prepared in conditions and size and concentration monitored over 15hours.
Most stable condition for these liposomes identified as L2 Buffer 2.
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Summary Nanosight Accessories N\ Malvern

Panalytical
- Syringe Pump and Autosampler available lead to increase of repeatibility
- Compatible with multiple types of samples from industrial to biological

- Set up for Nanosight Autosampler and data collection through bespoke
NTA software

- Autosampler allows unattended NTA measurement of up to 96 samples
In a set

- Obtain triplicate data on up to 96 samples in under 16 hours

- Less than 30 minutes of hands-on instrument set-up time



Application Examples
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Applications for
Nanoparticle Tracking Analysis N/ maiver
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Industrial Applications

Biopharmaceutical Applications

45 Title of the presentation © 2019 Malvern Panalytical May 27, 2019



Introduction to Nanomaterials N\ marem
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Nanotechnology applications overview \\\\\\\\\\\\ aspec¥scompany

V. Amenta et al. / Regulatory Toxicology and Pharmacology 73 (2015) 463—476

Nanotechnology
applications in

agriculture,
feed and food

46 Title of the presentation © 2019 Malvern Panalytical May 27, 2019



Industrial Applications

General Overview

> Nanoparticle Toxicology

v

v

v

v

v

Carbon nanotubes
Magnetic Nanoparticles
Cosmetics

Foodstuffs

Nanobubbles

Quantum dots

Inks and pigment
particles

Polymers and colloids
Metal
Ceramics

Fuel additives

4
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Quantitative Measurement of CeO, N/ Malvern

X :
Aggregation behaviour Using DLS and NTA AN Panaplyt"m:?!

= Cerium Dioxide as an example for Engineered Nanoparticles

» Release of Nanoparticles from Engineered materials is not well controlled

= Especially the discharge of NP into aquatic systems ->water pollution

= Rate of aggregation/sedimentation needs to be studied in order to remove NP

= DLS can reflect actual state of NP in aggregation but large aggregates contribute quite
a lot to scattering

= Concentration needs to be known for experiments and aggregation behavoiur/ prove of

removal

Wang et al., Journal of Nanoparticle Research 21:87 (2019)



Quantitative Measurement of CeO, N\ Malvern

Aggregation AN\ Panalytical

b 0.5mM Cacl, ‘ 2mM Cadl, .
| —HreAl | Al
- Data from DLS and NTA ‘ —c | -7

g

measurements after particle
aggreagtion in different CaCl2 solutions
- DLS shows shift towards larger
- Broad distributions and high error bars

8
b

NTA particles E6/mi
(%) Aysuaau s10
NTA particles E&/mi
3 »

In DLS typical due to high senitivity of i L
larger aggregates -

- NTA remains narrow because shearing e S
effect due to injection of particles | —HAE

- Other data shows that NA can
meausure high range of mass
concentrations

NTA partilces E&/mi
(%) Aysuow S0
NTA partiices E&/mi

Wang et al., Journal of Nanopatrticle Research 21:87 (2019)

Seze (nen)

(%) Ausuaiu 510

3> “ s
(%) Ausuoiw 90



Quantitative Measurement of CeO, N\ Malvern

What did we learn? Panalytlgﬂ

- NTA shows data based on single particles in the smaller size ranges

- NTA works well in combination with DLS and can reveal new insights into
concentration on the lower size range as well as in the lower
concentration range



Biopharmaceutical
appllications

\\\// Malvern

N Panalytical
\\\\\\\\\s\\\\\\\ a SPEC¥5 com pany

May 27, 2019




Biopharmaceutical Applications N\ Malvern
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» Virus and VLP

Vaccines

N

» Viral — inactivated, attenuated

»  Subunit, toxoid

Protein Aggregates

A d

Extracellular Vesicles

A

» EXosomes

» Microvesicles

N

Liposomes and other drug delivery vehicles



Extracellular
Vesicle
Characterisation
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Overview Extracellular Vesicles overview

EVs characterisation by NTA

Standard EVs
characterization

tool

Size

Concentration

-

\

Polydispersity

~

Monitoring Tool

Stability

Comparison

tool

Batch to
batch

Selective

tool

Storage

General
membrane
labelling

J

Purification

Selective
labelling

Diagnostic
tool

4
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Exosomes and
Viruses
research
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Exosomes as Drug Delivery Vehicles N\ Malvern
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- What is an exosome?
- Important mediators of cell-to-cell communication
- Vesicles secreted from wide range of cells
- Involved in many physiological and pathological pathways
- Much interest to date in diagnostic applications where detection of surface markers may

be related to origin. Cargo includes
- SIRNA
- microRNA
- MRNA
- protein
- Recent interest in therapeutic applications



Exosomes in cancer therapeutics N\ Malvern
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- Many cancers exhibit dysregulated expression of miRNA

- SIRNA and miRNA are of therapeutic interest as they play important roles in gene
regulation

- SIRNA therapeutics aimed at selective gene inhibition limited in practical use due to rapid

systemic degradation
Exosomes naturally contain siRNa and miRNA and therefore can be exploited as a delivery

vector
- Exosomes have also been demonstrated to be capable of encapsulating therapeutic

compounds such as doxorubicin in chemotherapy



Expressed Fluorescence
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Exosomes__ fluo expression -light scatter Exosomes_fluo expression -fluorescence




Fluorescent RNA cargo labelling

\\\/// Malvern

Panalytical

a spectris company

Light Scatter

Fluorescence Fluorescence

In collaboration with Department of Clinical Immunology and Transplantology, Jagiellonian
University Medical College, Krakow, Poland



Fluorescence labelling N\ marem
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Selective Plasma Membrane Dye
2.5 1
tool
2 4
s 2 E
General g 7
— membrane < | Extracellular vesicle sizing and
labelling 3 enumeration by nanoparticle tracking
\ J i analysis
e ™ . —Fluor —Scatter Chris Gardiner*, Yannick J. Ferreira, Rebecca A. Dragovic,
Christopher W.G. Redman and lan L. Sargent
|| ISetl)eﬁtlve 0 .0 260 460 660 gﬂg;geﬁig%?%zggéﬂitncs and Gynaecology, University of Oxford, Level 3, Women's Centre, John
abelling Sizenm
- J Indirect labelling

Anti-NDOG2-biotin + Streptavidin-Qdot605

0.9 -
0.8 4
o Light scatter — all particles
S 064 Fluorescence mode — only NDOG2 positive
X 05+ Fluorescence from isotype control ab-mouse IgG1
2
'§ Loy Sizing and phenotyping of cellular vesicles using Nanoparticle
= 031 Tracking Analysis
0.2 4 Rebecca A. Dragovic, MSc*!, Christopher Gardiner, PhD*', Alexandra S. Brooks, MD?,
Dionne S. Tannetta, PhD®, David J.P. Ferguson, PhD®, Patrick Hole, PhD®, Bob Carr, PhDS,
0.1 Christopher W.G. Redman, MD, FRCP?, Adrian L. Harris, MD, PhD, FRCP“,
" ~\ s Peter J. Dobson, PhD, FInstP, CPhys®, Paul Harrison, PhD', Ian L. Sargent, PhD**

0 100 200 300 400 500 600
Size nm



Virus applications N\ Malvern
N\ Panalytical
Lentivirus-Based Particles

- Development of a reference material to share Ebola virus RNA.
- Encapsidated anti sense viral RNA into HIV-1-like particles.
- Verified monodisperse size distribution (no aggregation).

mean: 101£3.3nm
conc:: 3.33%0.15x10% particles/mL

concentration
(x10¢ particles/mL)

Mattiuzzo, et. al., Development of Lentivirus-Based Reference Materials for Ebola Virus Nucleic Acid
Amplification Technology-Based Assays. PLoS ONE 10(11): e0142751



FLUORESCENT LABELLING OF LENTIVIRUS  \,)//marern
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- Fluorescence NTA was implemented as a way to increase the specificity of Lentivirus Vectors
characterisation.

- The use of fluorescently labelled antibodies allowed the subpopulation of VSV-G positive
particles to be identified and quantified within the preparation.

z.z I
1.5 Vr\ — Light scatter
e |\

0 \gi

T 1
100 200 300 400 500 600 700 800 S00

Particles/mL (x1076)

-0.5

Particle size {nm)
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Adeno Associated Virus (AAV) N\ Mmatvern
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- High interest as vector for gene therapy

- ~25nm Is below the detection limit for standard NanoSight systems.

- Use non-specific electrostatic adsorption of 5nm gold nanoparticles (AuNP) to
Increase scattering intensity

4 50E+07
4 00E+07
3.50E+07

AAV (unlabeled) Gold-Labeled AAV 3.00E+07

2.50E+07

2.00E+07

1.50E+07

1.00E+07

5.00E+06

0.00E+00 — el o e -
0 100 200 300 400

—Gold-Labeled AAV AAV (No Gold)



AAV Aggregation State: Thermal Stress \\// Malvern
Test A\ Panalytical

1 week 2 weeks 1 month 2 months

AAV Stress Test (0-2 weeks) AAV Stress Test (1-3 months)

3.50E+07 3.50E+07

3.00E+07 3.00E+07

2 S0E+07 2 50E+07

2 D0E+07 2 00E+07

1.50E+07 1.50E+07

1.00E+07 1.00E+07

5.0DE+06 . 5 .00E+06 W

0.00E+00 e 0.00E+00 e

0 100 200 300 400 0 100 200 300 400
—0 days 1 week 2 weeks —1 month 2 months

Application note: Adeno-Associated Virus titer and aggregation characterization



Virus stability study: Rabies Virus

Concentration. (x10'° part./mL)

5°C (a)
1.2 —
1.0 - ——14 days
0.8 28 days
0.6 - - - Control
0.4 -
0.2
0 +—- ————
1.2 40°C (d) =
i —
1.0 7 days
0.8 14 days
—21 days
0.6 ——28 days
0.4 - = = Control
0.2 -
o L} 1 Ll 1
0 100 200 300 400
>

Diameter (nm)

25°C (b)

——6h
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Figure 3. Impact of forced degradation of RABV on NTA size distribution profiles. RABV was incubated
at 5°C (a), 25°C (b), 37°C (c), 40°C (d), 45°C (e), and 60°C (f). Dashed lines depict the profiles for
sample kept at —70°C (control). One representative experiment 1s represented: the sample set was the same
than 1n Figure 2. Each curve 1s a mean of 3 measurements of independent sample test portions.
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RABYV used for vaccination

- NTA and ELISA mirrored
loss of antigenicity due to
A reduced number or particles
and increase of polydispersity

Clenet et al., 2018 EJPB, 132, 62-69



Subvisible Protein
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Detection
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Subvisible particle characterisation Y

Journal of Pharmaceutical Sciences xxx (2016) 1-5

Malvern
\ Panalytical
s\\\\\\\\s\\\\\\\\ a spec¥s company

Contents lists available at ScienceDirect

Journal of Pharmaceutical Sciences

= Peginesatide (Omontys)

journal homepage: www.jpharmsci.org

= Approved by FDA for the treatment of anaemia

Rapid Communication

Subvisible‘ Paﬁicle (;onten‘t, Fo‘rmulation, and Dose‘of an associated with chronic kldney disease
Erythropoietin Peptide Mimetic Product Are Associated With Severe

Adverse Postmarketing Events .
_ = Withdrawn < 1 year after launch

Joseph Kotarek ', Christine Stuart ', Silvia H. De Paoli ', Jan Simak ', Tsai-Lien Lin ,

Yamei Gao *, Mikhail Ovanesov ', Yideng Liang ', Dorothy Scott ', Janice Brown ,

Yun Bai °, Dean D. Metcalfe °, Ewa Marszal ", Jack A. Ragheb & " u 49 cases Of anaphy|aXiS; 4 fatalitieS

! Office of Blood Research and Review, Center for Biologics Evaluation and Research, US Food and Drug Administration, Silver Spring, Maryland 20993
B Office of Biostaristics and Epidemiology, Center for Biologics Evaluation and Research, US Food and Drug Administration, Silver Spring. Maryland 20993 . . . .
Office of Vaccines Research and Review, Center for Biologics Evaluation and Research, US Food and Drug Administration, Silver Spring, Maryland 20993 ] S I - | S U V d m It | M U V
4 Office of New Drug Quality Assessment, Center for Drug Evaluation and Research, US Food and Drug Administration, Silver Spring, Maryland 20993 I n g e u S e VI a an a u I u S e VI a
% National Institute of Allergy and Infectious Diseases, National Institutes of Health, Bethesda, Maryland 20892
© Office of Biotechnology Products, Center for Drug Evaluation and Research, U5 Food md Drug Administration, Silver Spring Maryknd 20993

which differed in their formulation

Table 1
NTA Peginesatide Median Particle Concentrations*”

Hydrodynamic Suv MUV p- u CT Used SUV, MUV was marketed

Diameter (nm)

BETNES =0 2003} 0028 = Demonstrated chemical/physical similarity; passed
101-200 5176 14,426 0.022
S01.400 s 2068 0001 release tests and satisfied USP-788
401-500 88 519 0.001
601.700 s 02 a003 = MUV contained significantly higher concentration of
701-800 3 48 0.002
9011000 ) 18 0008 SVPs as demonstrated using NanoSight

2 Pparticles/mL (= 10%).

b SUV and MUV were independently measured 6 (each SUV lot in duplicate) and
12 (each MUV lot in triplicate) times, respectively.

¢ Mann—Whitney test.
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Why use a Druqg Delivery System?
y g y y \\\//Malvern

High interest in drug delivery technologies for N .
N \\\\\\\ Panalytical

a spectris company

* Improved delivery of

* Poorly soluble drugs,

* High-toxicity drugs,

*  Drugs with poor stability
* Increase tissue targeting

* Improve the efficiency of cytosolic delivery of macromolecular drugs  EmMA/cHMP/13099/2013

Drug Delivery Materials- Many Candidates

Natural Materials: Polymers: Dendrimers:
Chitosan Polyactic acid Branched polymers
Liposomes Poly(lactic-co-glycolic acid)

Gelatine Poly(cyano)acrylates Fullerenes:

Starch Polyethyleinemine Carbon-based carriers

Block copolymers
Polycaprolactone

Jong & Borm, Int ] Nanomed, 2008, 3 (2) 133-149



Nanoparticle Size Is the Key Parameter

\\\// Malvern

: : N\ Panalytical
> Governs potential targeting, drug release-rate and«\\\\\\\\\\\\
clearance mechanisms:

Passive accumulation at tumour sites for NP ~30nm — few 100nm

Phagocytosis favours particles >500nm

Lower liver uptake for for smaller (25/50nm) vs larger (200/300nm)

Clearance
 Biliary <30nm

 Renal <8nm

And you need information on concentration for dosage



What are Liposomes? N\ Malvern

- Comprised of phospholipids A\ Panay el

- Single layer or multi-layered
- Can be produced in different sizes
- Hydrophilic interior, hydrophobic shell

Anti-HER2 Immunoliposome

Anti-HER, —> g
scFv .
<)

Drummond et al, Clin Cancer Res, 2005, 11:3392-3401



Application: Drug Delivery: Liposomes

Panalytical

a spectris company

liposomes used in drug delivery

The ability to target drugs to a localised area in the body allows for lower
concentrations to be used and provides optimal delivery concentration.

Numerous delivery vehicles can be analysed including degradable polymeric

nanoparticles, liposomes, micelles, dendrimers, solid lipid nanoparticles and
metallic nanoparticles.



Summary \\// Malvern
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- Nanopatrticle tracking analysis offers a particle by particle characterisation of a sample

- Depending on preferences syringe pump and Autosampler can be added

- Fluorescence can be used with 4 different laser systems

- NTA and DLS offer unique combination for polydispersity and Particle characterisation
and are often used together

- NTA can be used in multiple field of applications from studying industrial materials, water

treatment, vaccines and protein aggregation
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