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1. Minimum physicochemical characterization requirements for 

quality, efficacy and safety evaluation of nanopharmaceuticals 

 

Identification and characterization is considered a prerequisite first step for reliable evaluation of 

quality, efficacy and safety (QES) of nanopharmaceuticals (Gubala et al., 2018). Physicochemical 

characterization of nanopharmaceuticals is based on the evaluation of physicochemical properties 

such as chemical identity, molecular weight, composition, purity, colloidal stability and solubility.  

Like all nanomaterials (NMs), nanopharmaceuticals are prone many different changes during their 

life cycle including dissolution or degradation, complexation, aggregation, agglomeration, etc, 

which impact all QES parameters. The nano-related stability and behavior is particulary relevanmt 

for pharmacological and toxicological properties of nanopharmaceuticals. 

The nanospecific properties necessary for QES characterization of NMs were recently 

recommended by the Prosafe Task Force (Steinhäuser and Sayre, 2017). These properties 

(presented in Table 1) can be divided into 2 categories: (a) intrinsic properties that are medium 

independent and (b) extrinsic particle properties that are medium dependent (Hendren et al., 2015).  

 

Table 1. Main intrinsic and extrinsic properties of nanopharmaceuticals that determine their quality, 

efficacy and safety attributes. 

Intrinsic properties –medium independent Extrinsic properties –medium dependent 

Primary particle size Hydrodynamic size distribution 

Specific surface area Effective density 

Particle shape Zeta potential 

Density Aggregation 

Rigidity  Surface functionalization 

Hydrophobicity  Dissolution  

Crystal structure Biodegradability  

Chemical composition and impurities Dustiness 

Photonic properties Oxidative reactivity 

 

Size distribution is a key-parameter of NMs that regulates their circulation and biodistribution of in 

the bloodstream, penetration across the physiological and biological barriers, site- and cell-specific 
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localization and even induction of cellular responses (Powers et al. 2006). Many NMs properties are 

functions of atomic or molecular compositions of the surfaces and the physical surface structures 

that respond to the interactions of the NMs with surrounding chemical species. From the aspect of 

nanomedicine, these characteristics are considered the elements of surface properties in the 

environment of biological fluid. The main NMs surface properties that are commonly considered as 

important for QES evaluation of nanopharmaceuticals are surface composition, surface energy, 

wettability, surface charge and species absorbance or adhesion. Surface composition is intrinsically 

relevant to the superficial layers but not to the bulk materials. Surface energy is relevant to the 

dissolution, to avoid aggregation and accumulation of nanomaterial. Surface charge, with potential 

effect on receptor binding and physiological barrier penetration, governs the dispersion stability or 

aggregation of nanomaterials and is generally estimated by zeta () potential. Depending on the 

surface charge, NMs may attracts a thin layer of ions of opposite charge to the nanosurface. This 

double layer of ions travels with the NMs as it diffuses throughout the solution. The electric 

potential at the boundary of the double layer is known as the  potential of the particles and has 

values that typically range from +100 mV to -100 mV. The magnitude of the  potential is 

predictive of the colloidal stability. Nanoparticles with  potential values greater than +25 mV or 

less than -25 mV typically have high degrees of colloidal stability. Species absorbance or adhesion 

potentially alters the surface of NMs as well as the conformation and the activity of the attached 

species. 

The linkages between many of the intrinsic properties (e.g. band gap) and QES attributes of 

nanophramaceuticals are not yet fully elucidated. However, many of the intrinsic properties affect 

the extrinsic properties, which can be better related to QES parameters. For example, intrinsic 

properties like particle shape, size, specific surface area, and surface chemistry can all affect 

extrinsic properties like dissolution rate and agglomeration behavior of nanopharmaceuticals (Gao 

and Lowry 2018). Higher dissolution rate can release ingredients from the nanosurface leading to 

cellular or tissue response that can be toxic and impact the generation of reactive oxygen species. 

Surface chemistry on the other hand can largely impact colloidal stability and agglomeration 

behavior of nanopharmaceuticals. The polydispersity index (PI) is a key-factor that indicate 

colloidal stability. International standards organizations (ISO) provide scientific and technical 

references to establish that PI value under 0.5 shows a good trend of colloidal stability in 

suspension for nanoparticles and that PI values < 0.05 are more common to monodisperse samples, 
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while values > 0.7 are common to a broad size (e.g., polydisperse) distribution of particles 

accordingly to ISO standards ISO 22412:2017. 

Discussion made by Nano2Clinic COST Action revealed the minimum physicochemical 

characterization of nanopharmacueticals necessary to fully interpret QES data (Table 2). 

 

Table 2. Minimum physicochemical characterization of nanopharmaceuticals (according to 

Bouwmeester et al., 2011). 

Characteristic Metric Comments 

Dose Mass Particle number concentration is the total number of particles per 

unit volume of air (for example cm-3), whereas particle mass 

concentration is the total mass of particles per unit volume (for 

example µg m-3). Mass concentrations are typically dominated 

by larger particles. 

Particle number 

Surface area Different measurement methods investigate different submetrics, 

e.g., BET-surface, Fuchs’ surface, visual surface, mobility 

diameter surface 

Chemical 

composition 

Chemical composition can be determined, but structural 

information is difficult to obtain due to complex measurements, 

ideally this would be provided by manufacturers, 

Purity/impurities  Impurities may be as important for health impact as the basic 

material  

Physical form Particle size (mean) Different measurement methods investigate different sub-

metrics, e.g., mobility diameter vs. visual diameter. 

Distribution of sizes needs to be reported. 

Morphology/shape Aspect ratio determines if an object falls within the WHO 

definition of a fibre, and is very important for health impact 

assessment purposes. 

Surface 

properties 

Shell 

chemistry/coating 

There are no simple methods to assess the chemistry of 

nanomaterials surface. Thus, provide at least information on the 

synthesis method used, and if/what surface treatment or 

stabilisation method had been used. 

Surface charge/zeta 

potential 

Zeta potential and pH measurements should be reported for all 

particles in appropriate test media 

Stability 

/behaviour 

Particle size 

distribution 

Nanomaterials can agglomerate or aggregate.  

Nanomaterials coated (e.g., corona) with biomolecules, 

depending on matrix – which diameter to assess? Is it 

dependent? on medium 

Agglomerate size 

and morphology 

Agglomeration status is in equilibrium with the matrix. 

No commonly agreed-on metric exists to define the 

agglomeration status. Also, information about the stability of 

agglomerates in different media would often be very useful. 

Aggregation is a more fixed status, and should not be mixed up 

with agglomerates. 

Solubility  

UV-stability  

Thermal-stability 

These different types of metrics give information about the 

persistence of materials in biological media, and environmental 

compartments. These factors (UV, heat) may also affect ENM 

surface properties and agglomeration 
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A large number of EU projects are now generating a range of available tools for assessing the QES 

of NMs and testing them across participating laboratories. Similar efforts are underway in other 

parts of the world. It will be important to work towards integrating these efforts with activities at 

international standardization organizations such as ISO, ASTM and CEN, which are already 

publishing standards for characterizing NMs and examining their effects. There is scope for these 

organizations to work more closely together for greater harmonization and efficiency (Gao and 

Lowry, 2018). Many efforts are focused on international harmonized test guidelines that can be 

used to assess human health and environmental safety aspects of NMs. Their program focuses on 

sharing the testing of NMs at an international level, and uses common materials, sample preparation 

and dosimetry methods. Nevertheless, the test guidelines are general purpose approaches meant for 

a tractable regulatory approach and typically do not address the complex sample environments 

needed to advance the science. 

 

 

2. Characterization techniques for physicochemical 

characterization of nanopharmaceuticals 

 

The need for appropriate physicochemical characterisation of nanopharmaceuticals underpins 

multiple aspects of nanomedicine, from innovation and product development via regulatory 

requirements to clinical use. However, there is still lack in standards for characterisation, but 

accessibility, capacity and capability represent a more significant barrier to appropriate 

characterisation of nanopharmaceuticals (Halamoda-Kenzaoui et al., 2019). Understanding of 

rapidly changing, multidimensional  nanoscale materials relies on the characterization of chemical, 

optical, mechanical, thermal, and electrical properties with high sensitivity and resolution, which 

requires fast, inexpensive, user-friendly, and automated characterization tools and protocols (Ratner 

et al. 2004). Ideally, the characterization of one nanopharmaceutical should be performed by using 

several complementary techniques, to estimate more than one properties at the same time 

minimizing effort. Development of robust, accurate and reproducible methods to measure the NMs 

properties for the wide range of nanopharmaceuticals is a prerequisite step to any successful 

development and clinical use of nanopharmaceuticals (Rasmussen et al., 2019). A brief summary of 

the available characterization techniques is provided in Table 3. 
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Essential elements for a sound QES assessment of nanopharmaceuticals include 1) identification of 

the physicochemical properties relevant for QES and 2) development of reliable methods and robust 

protocols to measure these properties. Unfortunately, the Organization for Economic Co-operation 

and Development (OECD) and its Working Party on Manufactured Nanomaterials (WPMN) 

concluded, after preliminary evaluation, that a large number of existing experimental protocols and 

the OECD technical guidelines (TGs) do not apply to NMs (Xiarchos et al. 2020). Therefore, an 

OECD TG Programme has been actively involved in establishment of new and improved 

characterization methods for the detection and characterization of NMs in complex matrices with 

the contribution of Horizon 2020 funded projects (Modena et al., 2019; Rasmussen et al., 2019). 

Moreover, implementation of the Safe-by-Design concept in the early phase of the innovation 

process for nanopharmaceuticals is not possible without harmonized, standardized, and reliable 

nanocharacterization methods that are able generate good quality physicochemical data (Xiarchos 

2020).  

 

Table 3. Physico-chemical techniques to be used for sample analysis and characterization in cancer 

nanomedicine. 
Techniques Physicochemical 

characteristics 

analyzed 

Strengths Limitations Automatization  

Calorimetric techniques 

Thermal 

gravimetric 

analysis (TGA)  

Phase 

composition of 

samples  

Small pellets, high 

accuracy and easy to 

perform 

Low accuracy for 

particles of different 

sizes 

Generally poor, 

multi-cell 

analyzers exist 

Isothermal 

titration 

calorimetry 

(ITC), 

Phase transitions 

and their 

thermodynamic 

parameters 

Non-destructive. 

Complete basic 

thermodynamic 

characterization in a 

single experiment 

Complicate evaluation of 

binding contributions. 

Low resolution for slow 

processes 

Thermophoresis More powerful than 

electrophoresis 

Similar as electrophoresis 

(see below) 

Differential 

scanning 

calorimetry 

(DSC) 

instruments are 

relatively inexpensive 

and allow easy 

determination of 

thermal properties 

reproducibility of the 

results is essential, 

mainly because a “lack of 

equilibrium” 

Optical and spectroscopical methods 

UV-visible 

absorbance 

spectroscopy 

Structure, 

conformation, 

optical 

properties, size, 

concentration, 

agglomeration 

state, hints on 

Nondestructive and 

prompt technique,  

quite sensitive 

Less sensitive than 

fluorescent methods 

Good 
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NP shape 

Circular 

dichroism (CD)  

Structure and 

conformational 

change of 

biomolecules 

(e.g. protein and 

DNA) 

Thermal stability 

Nondestructive and 

prompt technique 

Non-specificity of 

residues involved in 

conformational change 

Less sensitive than 

absorption methods 

Weak CD signal for non-

chiral chromophores 

Challenging for analysis 

of molecules containing 

multiple chiral 

chromophores 

Good 

Fluorescence 

spectroscopy 

(FS) 

Hydrodynamic 

dimension 

Binding kinetics 

High spatial and 

temporal resolution 

Low sample 

consumption 

Specificity for 

fluorescent probes 

Method for studying 

chemical kinetics, 

molecular diffusion, 

concentration effect, 

and conformation 

dynamics 

Limit in fluorophore 

species 

Limited applications and 

inaccuracy due to lack of 

appropriate models 

Good 

Fluorescence 

correlation 

spectroscopy 

(FCS) 

Infrared 

spectroscopy 

(IR) 

 

Structure and 

conformation of 

bioconjugate 

 

Fast and inexpensive 

measurement 

 

Complicated sample 

preparation. 

Interference and strong 

absorbance of H2O.  

Relatively low sensitivity 

in nanoscale analysis 

Poor 

Raman 

scattering (RS) 

 

Hydrodynamic 

size and size 

distribution 

(indirect 

analysis) 

Conformation 

change of 

protein–metallic 

NP conjugate 

Structural, 

chemical and 

electronic 

properties 

Complementary data 

to IR 

No requirement of 

sample preparation 

Potential of detecting 

tissue abnormality 

Enhanced RS signal 

(SERS) 

Increased spatial 

resolution (SERS) 

Topological 

information of 

nanomaterials (SERS, 

TERS) 

Relatively weak single 

compared to Rayleigh 

scattering 

Limited spatial resolution 

(only to micrometers) 

Extremely small cross 

section 

Interference of 

fluorescence 

Irreproducible 

measurement (SERS) 

Poor 

Surface 

enhanced 

Raman (SERS) 

 

Tip-enhanced 

Raman 

spectroscopy 

(TERS) 

Dynamic light 

scattering 

(DLS) 

Hydrodynamic 

size distribution 

Non-

destructive/invasive 

manner 

Insensitive correlation of 

size fractions with a 

specific composition 

Very good 

automation in 

pre-defined 



  

Deliverable D2.1: PHYSICO-CHEMICAL CHARACTERIZATION 

Page | 9 

Rapid and more 

reproducible 

measurement 

Measures in any 

liquid media, solvent 

of interest 

Hydrodynamic sizes 

accurately determined 

for monodisperse 

samples 

Modest cost of 

apparatus 

Influence of small 

numbers of large 

particles 

Limit in polydisperse 

sample measures 

Limited size resolution 

Assumption of spherical 

shape samples 

SOPs 

Zeta potential Stability 

Referring to 

surface charge 

Simultaneous 

measurement of many 

particles (using ELS) 

Electro-osmotic effect 

Lack of precise and 

repeatable measurement 

Very good 

automation in 

pre-defined 

SOPs 

Microscopic methods 

Near-field 

scanning optical 

microscopy 

(NSOM) 

Size and shape of 

nanomaterials 

Simultaneous 

fluorescence and 

spectroscopy 

measurement 

Nano-scaled surface 

analysis at ambient 

conditions 

Assessment of 

chemical information 

and interactions at 

nano-scaled resolution 

Long scanning time 

Small specimen area 

analyzed 

Incident light intensity 

insufficient to excite 

weak fluorescent 

molecules 

Difficulty in imaging soft 

materials 

Analysis limited to the 

nanomaterial surface 

Poor 

Scanning 

electron 

microscopy 

(SEM) 

Environmental 

SEM (ESEM) 

Size and size 

distribution 

Shape 

Aggregation 

Dispersion 

Direct measurement 

of the size/size 

distribution and shape 

of nanomaterials 

High resolution 

(down to sub-

nanometer) 

Images of 

biomolecules in 

natural state provided 

using ESEM 

Conducting sample or 

coating conductive 

materials required 

Dry samples required 

Sample analysis in non-

physiological conditions 

(except ESEM) 

Biased statistics of size 

distribution in 

heterogeneous samples 

Expensive equipment 

Cryogenic method 

required for most NP-

bioconjugates 

Reduced resolution in 

ESEM 

Poor 

Transmission 

electron 

microscopy 

(TEM) 

Size and size 

distribution 

Shape 

heterogeneity 

Aggregation 

Dispersion 

Direct measurement 

of the size/size 

distribution and shape 

of nanomaterials with 

higher spatial 

resolution than SEM 

Several analytical 

methods coupled with 

Ultrathin samples in 

required 

Samples in 

nonphysiological 

condition 

Sample 

damage/alternation 

Poor sampling 

Poor 
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TEM for investigation 

of electronic structure 

and chemical 

composition of 

nanomaterials 

Expensive equipment 

Scanning 

tunneling 

microscopy 

(STM) 

Size and size 

distribution 

Shape 

Structure 

Dispersion 

Aggregation 

Direct measurement 

High spatial 

resolution at atomic 

scale 

Conductive surface 

required 

Surface electronic 

structure and surface 

topography unnecessarily 

having a simple 

connection 

Poor 

Atomic force 

microscopy 

(AFM) 

Size and size 

distribution 

Shape 

Structure 

Sorption 

Dispersion 

Aggregation 

Surface 

properties 

(modified AFM) 

3D sample surface 

mapping 

Sub-nanoscaled 

topographic resolution 

Direct measurement 

of samples in dry, 

aqueous or ambient 

environment 

Overestimation of lateral 

dimensions 

Poor sampling and time 

consuming 

Analysis in general 

limited to the exterior of 

nanomaterials 

Poor 

Chromatographic techniques 

Gas 

chromatography 

(GC) 

Sample 

composition 

High accuracy 

High sensitivity 

Only applicable for gas 

samples 

Very good 

automation in 

pre-defined 

SOPs High 

performance 

liquid 

chromatography 

(HPLC) 

Only applicable for 

(water-)soluble samples 

Hydrodynamic 

chromatography 

(HDC) 

Only applicable for 

(water-)soluble samples 

Electrophoretic methods 

Gel 

electrophoresis 

(GE)  

Sample 

composition, 

electrophoretic 

mobility of 

biomolecules and 

nanoparticles 

Simple method Not applicable for large 

nanoparticles 

Controls required 

Low sensitivity 

Results strongly depend 

on the experimental 

conditions 

Poor 

Capillary 

electrophoresis 

(CE) 

Quite prompt 

technique  

Not applicable for large 

nanoparticles 

Costly  

Results strongly depend 

on the experimental 

conditions 

Controls required 

Good 

Magnetic resonance methods 

Nuclear 

magnetic 

Size (indirect 

analysis) 

Non-destructive/non-

invasive method 

Low sensitivity 

Time consuming 

Good 
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resonance 

(NMR) 

Structure 

Composition 

Purity 

Conformational 

change 

Little sample 

preparation 

Relatively large amount 

of sample required 

Only certain nuclei NMR 

active 

Electronic (EPR 

or ESR); 

magnetic 

resonance  

Structure 

(indirect 

analysis) 

Dynamics 

Interactions 

In-situ determination 

of interactions, 

dynamics and 

structural changes 

Needed a paramagnetic 

species and relatively 

high concentrations 

Good 

Magnetic 

resonance 

imaging (MRI) 

Mapping the 

tumor 

Very useful for 

diagnosis and 

monitoring tumors 

Mostly needed a 

radionuclide or other 

toxic probes 

Good 

Mass spectroscopy 

Mass 

spectroscopy 

(MS) 

Molecular 

weight 

Composition 

Structure 

Surface 

properties 

(secondary ion 

MS) 

High accuracy and 

precision in 

measurement 

High sensitivity to 

detection (a very 

small amount of 

sample required) 

Expensive equipment 

Lack of complete 

databases for 

identification of 

molecular species 

Limited application to 

date in studying 

nanomaterial-

bioconjugates 

Fair 

Radiochemical methods 

Radiochemical 

methods using 

positron 

emission 

tomography 

(PET)/single 

photon 

emission 

computed 

tomography 

(SPECT) or 

MRI. 

Mapping the 

tumor and the 

interactions with 

nanodrugs 

Very useful in 

nanomedicine for 

diagnosis and curing 

tumors 

 

Needed toxic probes Good 

X-ray diffraction methods 

X-ray 

diffraction 

(XRD) 

Size, shape and 

structure for 

crystalline 

materials 

Well-established 

technique 

High spatial 

resolution at atomic 

scale 

Limited applications in 

crystalline materials 

Only single 

conformation/binding 

state of sample accessible 

Low intensity compared 

to electron diffraction 

Poor 

Small-angle X-

ray scattering 

(SAXS) 

Size/size 

distribution 

Shape 

Structure 

Non-destructive 

method 

Simplification of 

sample preparation 

Amorphous materials 

and sample in solution 

accessible 

Relatively low resolution Poor 
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Future standardization efforts must address not only the NMs as produced, but also provide sample 

preparation protocols and analytical methods that are relevant to the complex matrices in which 

NMs, in particular, nanopharmaceuticals, fate and behavior must be assessed. The wider availability 

of reference materials with complex sizes and shapes and high polydispersity will be needed for 

method development. Round robin or interlaboratory comparisons will be required to validate 

protocols across multiple laboratories. Advances in these areas are necessary for consideration of 

appropriate occupational exposure limits and to identify the necessary tests required to develop a 

regulatory framework for nanomaterials in various countries. With respect to occupational 

exposure, one of the main challenges is the difficulty to use nanomaterial property and lab 

toxicology measurements to derive an occupational exposure limit that can be related to real-world 

exposure metrics. This issue frequently disconnects biologically relevant exposure metrics and 

current abilities to measure the same metric in the workplace. The latter returns again to the need to 

improve capabilities for detection of nanomaterials in complex environments, including workplace 

scenarios. 

 

Priority metrics  

• The first big challenge is to prioritize metrics based on biological dose-response relations and 

secondly, to develop analytical methods for characterizing nanomaterials in biological matrices.  

• One metric is not sufficient to fully describe the nanomaterials.  

• Initially similar well characterized batches of nanomaterials with varying forms/ shapes are used 

in a wide range of effect studies, before deciding which metrics are most important. Subsequently, 

this process needs to be systematically repeated with other sets of priority nanomaterials.  

• A systematic analysis of the data will allow an assessment of any relationships between observed 

effects and physico-chemical characteristics of nanomaterials.  

 

Standardization: Characterization techniques  

• For most, if not all, characteristics of nanomaterials, analytical methods are available, though not 

necessarily validated and standardized. Practically, it is currently not feasible to characterize 

nanomaterials fully, because generally individual methods are only able to determine one single 

characteristic and some of them can be rather expensive. In addition, an agreement in respect to 

what constitutes a complete nanomaterials characterization has yet to be reached.  
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• The type of matrix that surrounds the nanomaterial might critically influence the appearance of the 

nanomaterial and its interaction with the surrounding matrix. This further complicates the 

characterization problem.  

• Where possible at least two analytical approaches (e.g., techniques) are used to determine a given 

metric of nanomaterials (e.g., measuring the same parameter), because available techniques to 

measure the same nanomaterial characteristic often produce contrasting results.  

• The techniques used to determine physico-chemical characteristics and methods used for 

(re)dispersion are clearly stated in the methods sections of published studies.  

 

Standardization: Characterization approaches  

• Nanomaterials need to be characterized in the matrix as it is presented to the test system (in 

vitro/in vivo).  

• A pragmatic recommendation is to characterize fully the nanomaterials at production, and 

subsequently further explore a very limited set of parameters before use (or exposure), in order to 

take into account the different environments/conditions including effects of storage and sterilization 

on the physico-chemical characteristics of nanomaterials.  

• There is currently no standard approach/protocol for sample preparation to control 

agglomeration/aggregation and (re) dispersion.  

• Harmonization is initiated and exchange of protocols takes place. The precise methods used to 

disperse nanomaterials should be specifically, yet succinctly described within the experimental 

section of a publication.  

• The use of dispersing agents as surfactants to facilitate the dispersion of nanomaterials might alter 

the toxicological effects.  

• Details of these extra dispersion aids should be incorporated within any materials sections 

published, and their toxicity tested in parallel with the nanomaterials. 

• Labelling of nanomaterials could be a way of facilitating the study of (internal) fate of 

nanomaterials in biological tissues. The ultimate fate and effect of the label needs to be known and 

it is recommended that no reliance is put on technologies which employ bio-persistent materials. 
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3. Reliability of methods and data for regulatory acceptance of 

nanopharmaceuticals 

A brief overview on the limitation and reliability of the available tools, methods, and protocols to 

characterize nanopharmaceuticals is presented in Table 4 (Gao and Lowry, 2018). 

 

Table 4. Reliability and reproducibility of methods for characterization of nanomaterials to be used 

in cancer nanomedicine. 

Properties Parameter Limitations and reliability of methods 

Intrinsic  Particle size 

distribution 

spICPMS, DMA, AFM, DLS and NTA – do not distinguish between a 

larger particles and an aggregate of smaller particles 

DLS – not reliable for polydisperse samples and non-spherical particles 

EM – small fraction of materials can be analysed, extensive sample 

preparation, sample bias during drying procedure 

Specific 

surface area 

BET - affected by aggregation and polydispersity, instability of polymeric 

coatings during drying procedure, internal porosity neglected 

Particle shape TEM – only 2D picture 

SEM – lower resolution than TEM 

Problem of sample preparation and drying procedure for all EM-based 

methods 

Crystalline 

phase 

All electron diffraction methods are unable to focus the electron beam on a 

single location 

XRD - Limited use and sensitivity 

SAXS – very expensive 

TEM – complex sample preparation 

Hydrophobicity  

and/or 

wettability 

Adsorption method – provides only “relative” measure; possible 

interferences with reagents 

Contact angle measurements – required smooth surface, artefacts from the 

surface roughness, false results due to polydispersity of samples 

Artefacts from aggregation, final results are dependent on the medium 

Particle 

chemical 

composition 

Interferences, limits of detection, in most cases highly specialized 

equipment is required 

Density  Different results for powders compared to samples in solutions, artefacts 

due to agglomeration 

Rigidity Complex sample handling, preparation method is material dependent 

Redox 

potential 

No kinetic information 

Extrinsic Zeta potential Artefacts due to agglomeration, effects of ionic strength of medium, 

artefacts in the interpretation of results for NMs with macromolecular 

coatings, no useful information for read-across analysis 

Solubility  System-dependent parameter 

Agglomeration Effect of dissolution, reproducibility, challenging due to the requirement 

for well-controlled sample handling 

Photoreactivity 

and oxidative 

reactivity 

Interferences with reagents and/or components of medium, often no 

correlation between acellular and cellular assays 
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The Weight-of-Evidence (WoE) may significantly foster the process of developing and adapting 

methods for physico-chemical characterization of NM. WoE can be generally considered as a 

method for decision-making that considers known lines of evidence where a “weight” is assigned to 

each line according to its relevance and reliability (OECD, 2019). WoE remains highly quoted and 

generally understood concept in chemical evaluation. 

Different regulatory bodies define WoE in a similar way: 

USEPA (2016): “Weight of Evidence: (1) A process of making inferences from multiple pieces of 

evidence, adapted from the legal metaphor of the scales of justice. (2) The relative degree of 

support for a conclusion provided by evidence. The result of weighing the body of evidence.” 

SCHEER (2018): “Weight of Evidence: A process of weighted integration of lines of evidence to 

determine the relative support for hypotheses or answers to a question” 

OECD (2017): “Weight of Evidence refers to a positive expert opinion that considers available 

evidence from different independent sources and scientific viewpoints on a particular issue, coming 

to a considered view of the available, oftentimes conflicting data. It is preferred when every source 

does not provide sufficient information individually” 

 

WoE consist of the following elements that are inter-related in a step-wise approach: 

 

 

The Food and Drug Administration (FDA)’s 2015 approach to regulation of nanotechnology 

products established that “FDA is maintaining its product-focused, science-based regulatory 

policy”. Technical assessments will be product-specific, considering the effects of nanomaterials in 

the particular biological and mechanical context of each product and its intended use. And the 

policies for each product area, both substantive and procedural, will vary according to the statutory 

authorities. It is recommended that manufacturers should consult with the FDA early in their 

development process to facilitate a mutual understanding of the scientific and regulatory issues for 

their nanotechnology products. 
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Therefore, the optimal regulatory approach is iterative, adaptive, and flexible. In some countries 

like the USA, Japan, and in the European Union, some initial guidance documents were released to 

help product developer in the evaluation of the nanotechnology.  

FDA has issued guidance for industry to offer advice, including advice to determine the regulatory 

status of nanotechnology products and evaluating their safety. While guidance documents provide 

recommendations that are not binding, they are valuable tools for FDA to communicate and to 

provide guidance. To date, FDA has issued two guidance related to our field: 

Final Guidance for Industry- Liposome Drug Products– This guidance (FDA, 2018) discusses 

what types of information an applicant should submit in a new drug application (NDA) or 

abbreviated new drug application (ANDA) for a liposome drug product reviewed by FDA’s Center 

for Drug Evaluation and Research (CDER). The discussion involves chemistry, manufacturing, and 

controls; human pharmacokinetics, bioavailability, and/or bioequivalence; and labeling. This 

guidance is the first “class-specific” guidance on a particular type of nanomaterial. Liposomes 

comprise more than a third of the nanotechnology submissions CDER receives. In this guidance, in 

the “Description of Manufacturing Process and Process Controls” section, the authorities 

recommend including a detailed process flow diagram and a description of unit operations with 

ranges for the process parameters and process controls. These ranges should be supported by 

pharmaceutical development studies. The process and mechanism of liposomal drug loading, as 

well as the removal of free (un-incorporated) drug from the liposome formulation via purification 

should be described in detail. The manufacturing process should be validated to demonstrate 

manufacturing process consistency and reproducibility before commercial distribution. Liposome 

drug products are sensitive to changes in the manufacturing conditions, including changes in scale 

(size of the batches). Appropriate process controls should be established during product 

development. Prior knowledge can be leveraged, and risk assessment techniques can be used to 

identify manufacturing process parameters that potentially affect finished product quality.  

Some examples of manufacturing process parameters that may affect liposome drug performance 

are shear force, pressure, pH, temperature, batch-size-related hold times, lyophilization parameters, 

etc. You should provide adequate justification for the selection of the operating ranges for different 

batch sizes.  

The physical and chemical complexity of liposome drug products present unique challenges to 

the sterilizing filtration process. For example, components of liposomes could interact with the filter 

matrix and clog it. Therefore, validated product-specific purification and sterilization methods 
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should demonstrate the ability of the microbial sterilizing filters to function correctly, without 

compromising the integrity and structure of liposomes. 

Draft Guidance for Industry – Drug Products, Including Biological Products, that Contain 

Nanomaterials – This draft guidance (FDA, 2017), issued for public comment, discusses both 

general principles and specific considerations for developing drug products containing 

nanomaterials, including those products proposed in applications submitted pursuant to abbreviated 

approval pathways. The document discusses considerations for quality, nonclinical, and clinical 

studies as they relate to drugs products containing nanomaterials through development and 

production. The comment period ended on 2018 and FDA is reviewing public input received to 

determine what revisions may be necessary before issuing a final guidance document. In general, 

this draft guidance indicates that all drugs , including both active ingredients and finished drug 

products that contain nanomaterials, must be manufactured in accordance with current good 

manufacturing practice  (CGMPs) as set forth in section 501(a)(2)(B) of the Food, Drug, and 

Cosmetic Act (FD&C Act). In addition, the CGMP regulations in 21 CFR parts 210, 211 & 212, 

and the regulations in 21 CFR parts 600-680, as applicable, apply to finished drug products, 

including drugs subject to OTC monograph regulations. (See 21 CFR 330.1(a).) The variety of 

nanomaterials and their uses in drug products continue to grow. A comprehensive body of 

knowledge of nanomaterial attributes and the effects of these attributes on the quality and 

manufacturing process of drug products does not currently exist. Building a knowledge base to 

better understand potential risks to product safety, identity, strength, quality and purity 

characteristics during manufacturing of drug products containing nanomaterials is essential to 

establishing robust control strategies and implementing effective process validation protocols. It is, 

therefore, critical that the applicant apply manufacturing experience and increased understanding of 

potential risks to improve both the manufacturing process and associated control strategy over time. 

In the view of the still limited number of approved nanomedicines in most countries and the 

heterogeneity of the product class, it is very difficult to obtain robust data sets allowing general 

conclusions on the information requirements related to their quality and safety (Ventola, 2012). 

In the USA, the Nanotechnology Characterization Laboratory of the National Cancer Institute 

(NCI-NCL) (https://nanolab.cancer.gov) has provided a thorough characterisation of the quality and 

safety of nanomedicines already for more than 10 years, supporting product developers and 

contributing to the smooth translation of such products to the market. At the same time, the NCI-

NCL offers the experience and knowledge related to the assessment of nanomedicines to the FDA. 
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Since 2015, the European Nanomedicine Characterisation Laboratory (EU-NCL) (www.euncl.eu) 

offers a similar service for the European product developers and it can be anticipated that also 

European regulatory agencies and standardisation bodies will benefit from the knowledge and 

experiences of this platform. 

 

 

4. Concluding remarks 

 

For successful clinical implementation of nanopharmaceuticals, all available sources should be used 

in co-operative manner during harmonization and standardization of characterization methods to 

ensure their technical and regulatory acceptance at a global level. Joint efforts of all disciplines are 

needed considering QES profiles, toxicological impacts, functionality, and use of final 

pharmaceuticlas as early as possible in the innovation cycle. Such research and innovation integrity 

should be placed in wider context including social impacts to safeguard reliable research data and 

responsible innovation output. 
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