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Introduction into Nanomaterials

What technologies can I use?

Why do I need to characterise?

What is a Nanomaterial?
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What is a Nanomaterial?
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Wacker et al., 2018: 

Manufacturing and Safety Guidelines for 

Manufactured Functionalized Nanomaterials in Pharmaceutics 
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Nanomaterial

• 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 
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What to consider

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

Wacker et al., 2018: 

Manufacturing and Safety Guidelines for 

Manufactured Functionalized Nanomaterials in Pharmaceutics 
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Particle Characterization Activities

Nanoparticles (1 nm – 1 µm)
• SEC-MALS

• Nanoparticle Tracking Analysis (NTA)

• RMM (Archimedes)

• 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)

Subvisible Particles (1 µm – 100 µm)
• Archimedes (≤ 5 µm)

• Light Obscuration (PMS)

• Micro-Flow Imaging (MFI 5200)

• Morphological Imaging (Morphologi M4-ID)

Visible Particles (≥ 100 µm)
• Visual Inspection

• Raman Microscopy 

Orthogonal Technologies for Subvisible Region

Source: 
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Nanosight

nanoparticle tracking analysis 

Principle and Set up
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Nanoparticle Tracking Analysis
Principle and Set up

Orthogonal technologies

Running samples with Fluorescence

Why using accessories?

Instrument and Accessories

NTA principle
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Liquid

Glass

Particles to be viewed 

are suspended in liquid

Laser beam 

(approx.50 um wide)

Particles scattering 

from laser beam

NANOSIGHT TECHNOLOGY

Schematic of laser sample chamber

A proprietary optical element

Illuminated by a
specially configured
laser beam
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NTA Experimental Protocol

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.

AnalysisTracking Capture (~60 sec)
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• 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.
KB = Boltzmann Constant

T = temperature
ts = sampling time

= viscosity
dh = hydrodynamic diameter

Stokes-Einstein equation 

<MSD>  = 4KBTts

3 dh

Sizing: Stokes-Einstein



© 2019 Malvern Panalytical 

Concentration: Quantify particles in known volume

Absolute number concentration

10 µm 80 µm

100 µm

(total viral/particle titer)
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Concentration of selected range

• Concentration can be reported for any subset

• Data is accumulation of individual particle 

measurements, so any statistical measure 

can be applied. 
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NTA Specifications: Size and Concentration Limits

Minimum size limit is related to:
› Material type 
› Camera Sensitivity
› Laser wavelength

10 – 40 nm 1000 – 2000 nm 
Maximum Size limit is related to:
› Limited Brownian motion

› Viscosity of solvent

Size

Concentration

~ 106-107 particles/ mL

Minimum is related to:
› Poor statistics (Requiring longer analysis time)

Maximum is related to:
› Inability to resolve neighboring particles

› Tracks too short before crossing occurs

~ 109 particles/ mL
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Fluorescence measurement (optional)

 

camera

Microscope

Objective

Video of fluorescence process
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Analysis in Complex Biological Media

• 100nm fluorescent particles in FBS 

Scatter Mode

(all particles)

Fluorescence Mode

(only labelled particles)
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Available options for fluorescence
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Summary Parameters measured by NTA

…simultaneously, ‘real time’, particle-by-particle

…………..with visual validation

Size

Number or 

concentration

Polydispersity

“Relative 

Light 

Intensity”

Fluorescence
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Accessories
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Accessories NS-300
Overview

Sample Assistant

Syringe Pump
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Accessories
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Syringe Pump

- 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
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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
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NanoSight sample assistant

• Robust autosampler hardware

• Bespoke software suite

• Storage and automated loading of up to 96 

samples 

• Allows walk-away NTA data generation

• Experiment flexibility
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Nanosight Sample Assistant

- 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
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Workflow
From Sample Preparation to Viewing Data

Sample 
preparation

• Up to 96 samples

Initialization • Guided script

SOP set up • Full flexibility

Run 
experiment

• Capture, optional analysis, optional export 

Shut down • Guided script

• 1 sample or selected 
repeats

• Overlay selected samples

Autofocus sample 

preparation

View Individual 

wells
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Sample Assistant

27 May 2019NS_ Distributors_2018030529

SOP Interface
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Manual vs Automation Repeatability
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100nm Latex 

% Coefficient of 

Variation

Size      

(Mode, nm)

Concentration 

(particles/mL)

Expert user 1.24 7.75

Sample Assistant 0.57 2.35

96 well plate 3x60 second captures in 

flow-mode, data generated in 24 hours

10 samples measured with 3x60 second 

captures in flow-mode by an expert user, or 

with samples loaded by the Sample Assistant
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Working Concentration Range of Exosomes

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

Automated Concentration Linearity Testing
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Working Concentration Range of Exosomes

Automated Dilution Linearity Testing
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9 hours experimental time

= 9 hours of user time 

Single dataset

6 hours experimental time

= Under 1 hour of user time

Triplicate measurements
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In collaboration with University of Oxford, Department of Physiology, Anatomy and 

Genetics, Le Gros Clark Building, South Parks Road, Oxford, OX1 3QX, UK
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Sample Variety
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Multi-experiments

Inorganic Particles

Polymer

Particles

Biological 
Particles

Different sample 

types/batches or multiuser 

samples grouped in 

individual experiments in 

the 96 well plate

For each experiment, 

customised capture and 

process settings available
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Multi Experiments

27 May 2019Customer Intro NS Sample Assistant34

Multi-user

Single NanoSight Sample Assistant run:

• 4 users 

• 4 types of exosomes

• Smaller and larger sample sets

• 7 experiments with individual capture and process settings

User 1 – Experiment 1     User 2 – Experiment 2

User 3 – Experiment 3     User 4 – Experiment 4-7
Multi-experiment data comparison for both modal size and concentration
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Small and Large Sample Sets

27 May 2019Customer Intro NS Sample Assistant35

Exosomes

Sample stability confirmed*Manual focus 
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Sample stability in various condition
Liposomes at High Dilution

Liposomes prepared in conditions and size and concentration monitored over 15hours.

Most stable condition for these liposomes identified as L2 Buffer 2.

0 1 0 2 0 3 0 4 0 5 0 6 0 7 0 8 0 9 0

2 .01 0 8

4 .01 0 8

6 .01 0 8

C o n c

W e ll N u m b e r

C
o

n
c

e
n

tr
a

ti
o

n

(p
a

r
ti

c
le

s
/m

L
)

L 1  b u ffe r  1

L 2  b u ffe r  1

L 2  B u ffe r  2

0 1 0 2 0 3 0 4 0 5 0 6 0 7 0 8 0 9 0

5 0

6 0

7 0

8 0

9 0

1 0 0

1 1 0

S iz e

W e ll N u m b e r

M
o

d
a

l 
S

iz
e

 (
n

m
)



© 2019 Malvern Panalytical 

Summary Nanosight Accessories

• 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
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Application Examples
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Applications for
Nanoparticle Tracking Analysis

Biopharmaceutical Applications

Industrial Applications
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Introduction to Nanomaterials
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Nanotechnology applications overview
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Industrial Applications
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General Overview

› Nanoparticle Toxicology

› Carbon nanotubes

› Magnetic Nanoparticles

› Cosmetics

› Foodstuffs

› Nanobubbles

› Quantum dots

› Inks and pigment 

particles

› Polymers and colloids

› Metal

› Ceramics

› Fuel additives
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Quantitative Measurement of CeO2
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Aggregation behaviour Using DLS and NTA

▪ 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)
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Aggregation

• Data from DLS and NTA 

measurements after particle

aggreagtion in different CaCl2 solutions

• DLS shows shift towards larger

• Broad distributions and high error bars

in DLS typical due to high senitivity of

larger aggregates

• NTA remains narrow because shearing

effect due to injection of particles

• Other data shows that NA can

meausure high range of mass

concentrations

Quantitative Measurement of CeO2

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

May 27, 2019Title of the presentation50

What did we learn?

Quantitative Measurement of CeO2
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Biopharmaceutical
appllications
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Biopharmaceutical Applications
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General Overview

› Virus and VLP

› Vaccines

› Viral – inactivated, attenuated

› Subunit, toxoid

› Protein Aggregates

› Extracellular Vesicles

› Exosomes

› Microvesicles

› Liposomes and other drug delivery vehicles
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Extracellular
Vesicle
Characterisation
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Overview Extracellular Vesicles overview

EVs characterisation by NTA 

Standard EVs 
characterization 

tool

Visualisation

Size

Concentration

Polydispersity

Monitoring Tool

Stability 

Storage

Comparison 
tool

Batch to 
batch

Purification

Diagnostic 
tool

Selective 

tool

General 
membrane 
labelling

Selective 
labelling
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Exosomes and 
Viruses
research
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Exosomes as Drug Delivery Vehicles

• 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
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Exosomes in cancer therapeutics

• 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
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Expressed Fluorescence

Exosomes_ fluo expression -light scatter Exosomes_fluo expression -fluorescence
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Fluorescent RNA cargo labelling

Light Scatter  Light Scatter  

FluorescenceFluorescence

In collaboration with Department of Clinical Immunology and Transplantology, Jagiellonian

University Medical College, Krakow, Poland
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Fluorescence labelling

Selective 

tool

General 
membrane 
labelling

Selective 
labelling

Plasma Membrane Dye

Indirect labelling

Anti-NDOG2-biotin + Streptavidin-Qdot605

Light scatter – all particles 

Fluorescence mode – only NDOG2 positive 

Fluorescence from isotype control ab-mouse IgG1 
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Virus applications

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).

Mattiuzzo, et. al., Development of Lentivirus-Based Reference Materials for Ebola Virus Nucleic Acid 

Amplification Technology-Based Assays. PLoS ONE 10(11): e0142751
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FLUORESCENT LABELLING OF LENTIVIRUS 
FOR SPECIFICTY 

• 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.
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Adeno Associated Virus (AAV)

• 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

AAV (unlabeled) Gold-Labeled AAV
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AAV Aggregation State:  Thermal Stress 
Test

Application note: Adeno-Associated Virus titer and aggregation characterization  
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Virus stability study: Rabies Virus

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

RABV used for vaccination

- NTA and ELISA mirrored

loss of antigenicity due to

A reduced number or particles

and increase of polydispersity



© 2019 Malvern Panalytical 

Subvisible Protein 

Aggregation 

Detection
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Subvisible particle characterisation 

▪ Peginesatide (Omontys)

▪ Approved by FDA for the treatment of anaemia

associated with chronic kidney disease

▪ Withdrawn < 1 year after launch

▪ 49 cases of anaphylaxis; 7 fatalities

▪ Single-use vial (SUV) and a multiuse vial (MUV)

which differed in their formulation

▪ CT used SUV, MUV was marketed

▪ Demonstrated chemical/physical similarity; passed

release tests and satisfied USP-788

▪ MUV contained significantly higher concentration of

SVPs as demonstrated using NanoSight
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DRUG Delivery 

Systems
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High interest in drug delivery technologies for 

• 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

Why use a Drug Delivery System?

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

EMA/CHMP/13099/2013

Drug Delivery Materials- Many Candidates

Natural Materials:
Chitosan

Liposomes

Gelatine

Starch

Polymers:
Polyactic acid

Poly(lactic-co-glycolic acid)

Poly(cyano)acrylates

Polyethyleinemine

Block copolymers

Polycaprolactone

Dendrimers:
Branched polymers

Fullerenes:
Carbon-based carriers
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Nanoparticle Size is the Key Parameter

› 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
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What are Liposomes?

• Comprised of phospholipids

• Single layer or multi-layered

• Can be produced in different sizes

• Hydrophilic interior, hydrophobic shell

Drummond et al, Clin Cancer Res, 2005, 11:3392-3401
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15

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.

liposomes used in drug delivery

Application:  Drug Delivery: Liposomes
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Summary

• Nanoparticle 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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www.malvernpanalytical.com
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