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The use of nanoparticles in drug delivery continues to grow rapidly. Nanoparticles offer excellent pharmacokinetic properties, controlled and sustained release, and targeting of spe-
cific cells, tissues or organs. When considering a nanomaterial drug delivery system, size is clearly a key parameter as it directly influences the processes of delivery, uptake, deg-
radation and clearance from the body.  
 
However, it is also imperative to have an accurate measurement of the number based concentration of nano-objects and more importantly the concentration of nano-
objects loaded with the drug of interest. 
 
This presentation outlines an example where the methodology of Nanoparticle Tracking Analysis (NTA) is used to characterise nanoparticles for drug delivery purposes. 
Complementary to classical light scattering techniques, NTA allows nanoparticles as small as 30nm to be sized on a particle-by-particle basis, enabling high resolution profile. On 
the same analysis, NTA also delivers concentration measurement through a direct count (particles per ml), helping the understanding of aggregation or other particle behaviour in 
complex systems. Finally, a fluorescence mode allows differentiation of suitably labelled particles.  

Traditional size analysis techniques for nanoparticles have si-
gnificant limitations, which affect their ability to provide com-
plete information on the true size distribution of a sample. In 
comparison, NTA has the ability to provide characterisation for 
bio-nanoparticles (including viruses, VLPs, protein aggre-
gates, exosomes, and liposomes and other drug delivery 
nanoparticles) without significant bias due to inclusion of small 
numbers of aggregates or sample preparation requirements. 

A laser is used to pass a finely focused beam through a sample 
chamber containing nanoparticles in liquid suspension. 

The light scattered by the particles is collected using optical mi-
croscopy components, allowing a direct visualisation of their 
Brownian Motion. A video file of this movement is captured and 
the NTA software tracks the individual particle movement upon 
video analysis. 

The rate of particle movement can then be related to the sphere 
equivalent hydrodynamic diameter size using the Stokes-
Einstein equation:  

 

Under the scatter mode (no filter), the analysis of the sample 
(Fig.3 blue line), shows a modal distribution at 199nm with a final 
concentration at 1.23e+011 particles/ml.  
 
Under the fluorescence mode (filter inserted), the distribution of 
the labelled population (Fig.3 red line) shows a slightly bigger 
mode at 223nm with a final concentration dropping at 5.31e+010 
particles/ml.  
 
Such data allows a fast evaluation of the amount of particles 
labelled amongst the total population (approx 43%) and as a 
result the efficiency of encapsulation of this drug into pol-
ylactic acid particles  

In the sample, a mixture of labelled and non labelled particles is expected. Thanks to its ability to track, count and 
measure nanoparticles in liquids, NTA analyses this preparation both under a scatter mode (Fig.1) and a fluorescence 
mode (Fig.2). 

Polylactic Acid particles (provided by Adjuvatis) have been designed and loaded with a drug of interest conjugated to a 
fluorescent label (Coumarin6).  

The purpose of this experience is to evaluate the efficiency of encapsulation of this drug into the PLA nanoparticles. 

The device used was an LM10 HSBF comprising a sCMOS camera, 405nm laser and 430nm long-pass filter. Analysis 
has been performed under NTA software 2.3.5 (Nanoparticle Tracking Analysis). The sample has been diluted 100x. 
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Fig.3. Comparison of labelled (red line) and non labelled (blue line)  

particle concentrations 

(x axis = diameter in nm, y axis = concentration in particles per mL)  

Introduction 

Fluorescence capabilities 

Material & Methods 

Results 

Discussion & Conclusion 

Fig.1. Measurement of the size and concentration under scatter mode (all particles)  

Fig 1a displays footage of the sample under scatter mode (size is approx 100*80µm). The particles moving under brownian motion are tracked and counted 

by NTA 2.3.5 software (Fig.2b). From this tracking, NTA calculates for each particle the Diffusion Coefficient and gives a high resolution size distribution 

profile (Fig.1c) (x axis = diameter in nm, y axis = concentration in particles per mL) - Table 1 gives the relevant size distribution information 

Fig.1a Fig.1b Fig.1c Table 1 

Fig.2. Measurement of the size and concentration under fluorescence mode (drug containing particles)  with the use of a 430nm long-pass filter 

Fig 2a displays footage of the sample under fluorescence mode (size is approx 100*80µm). With the use of the 430nm long-pass filter, only the labelled 

particles are tracked and counted (Fig.2b). Using the same basis (Stokes-Einstein equation), the size is derivated from the Diffusion Coefficient. The 

size distribution profile is displayed on Fig.2c (x axis = diameter in nm, y axis = concentration in particles per mL) with software information on Table 2 

Table 2 

By fitting the device with the appropriate laser (matching the excita-
tion wavelength of the fluorophore) and filter (matching the emission 
of the fluorophore), it is possible to visualise and characterise the 
fluorescent particles only.  
(for further information, please refer to the Fluorescence Technical Note) 

Where:   Dt = Diffusion Co-efficient (measured by NTA) 
    KB = Boltzman Constant 
    T = Temperature 
    η = Viscocity 
    dh = Sphere equivalent hydrodynamic diameter particle size 

NTA only uses light scattering properties to detect, visualise and 
track nanoparticles. However, it is possible to go further into the 
characterisation, by using a particle labelled with a fluorophore.  
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> NanoSight provides an attractive alternative to more complex methods such as Dynamic Light Scattering or  

Electron Microscopy 
 

> Real time capture provides high resolution size distributions and number concentration measurements to reveal 
the true nature of the sample, revealing both qualitative and quantitative information 
 

> Fluorescence capabilities, serve as an alternative option to obtaining data on labelled subpopulations 
 

> Minimal sample preparation is required save dilution of the sample to a concentration between 10
7
 and 10

9
 par-

ticles/mL. 
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