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Professional Certificate in Nanotechnology Applications in Cosmetics

Cosmetic Product Development And Innovation

Nanotechnology in cosmetics introduces a set of specialized terms that intersect the fields of chemistry,
material science, biology, and regulatory affairs. Understanding these key terms is essential for anyone
involved in product development, formulation design, or innovation strategy within the cosmetic industry.
The following glossary provides detailed explanations, practical examples, typical applications, and common
challenges associated with each concept.

Nanoparticle – A particle with at least one dimension in the range of 1 to 100 nanometres. In cosmetics,
nanoparticles serve as carriers for active ingredients, provide UV protection, or enhance texture. For
example, titanium dioxide nanoparticles are incorporated into sunscreens to achieve a transparent finish
while maintaining high SPF. A major challenge is ensuring that the particles remain stable in the formulation
and do not aggregate, which can affect both efficacy and safety.

Nanocapsule – A vesicular system where a liquid or solid core containing an active ingredient is surrounded
by a polymeric shell. Nanocapsules protect sensitive actives such as vitamins C or retinol from oxidation and
allow controlled release onto the skin. A typical application is a night cream that releases antioxidants
gradually during sleep. Production methods such as interfacial polymerization must be carefully controlled
to achieve uniform capsule size, and regulatory agencies often require detailed characterization of the shell
composition.

Solid Lipid Nanoparticle (SLN) – A colloidal carrier composed of a solid lipid matrix that remains solid at
room and body temperature, stabilised by surfactants. SLNs are used to improve the solubility of lipophilic
actives like coenzyme Q10, enhance skin penetration, and provide a pleasant skin feel. An example is an
anti‑aging serum where the SLN system increases the bioavailability of peptide ingredients. Challenges
include the tendency of the lipid matrix to recrystallise over time, potentially releasing the encapsulated
active prematurely.

Nanostructured Lipid Carrier (NLC) – An evolution of SLNs that combines solid and liquid lipids, creating a
less ordered matrix that can accommodate higher drug loads and reduce the risk of expulsion. NLCs are
frequently employed in moisturizers that contain high concentrations of botanical extracts. The presence of
the liquid lipid component can improve spreadability, yet formulation scientists must balance the ratio of
solid to liquid lipids to prevent phase separation during storage.

Nanoemulsion – A thermodynamically unstable but kinetically stable system consisting of oil droplets
dispersed in water (or vice versa) with droplet diameters typically below 200 nm. Nanoemulsions provide a
clear or slightly opalescent appearance, making them attractive for lightweight sunscreens and makeup
foundations. They improve the delivery of lipophilic actives, such as niacinamide, by increasing surface area.
The main difficulty lies in achieving long‑term stability without the use of excessive surfactant levels, which
can affect skin tolerance.
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Microemulsion – A clear, isotropic, thermodynamically stable mixture of oil, water, surfactant, and often a
co‑surfactant, with droplet sizes ranging from 10 to 100 nm. Unlike nanoemulsions, microemulsions form
spontaneously and are often used in cleansing gels and hair conditioners. Their stability is advantageous,
but the high surfactant concentrations required may lead to irritation, limiting their use in sensitive‑skin
products.

Liposome – A spherical vesicle composed of one or more phospholipid bilayers surrounding an aqueous
core. Liposomes can encapsulate both hydrophilic and lipophilic actives, making them versatile carriers for
ingredients like hyaluronic acid or botanical extracts. In a facial mask, liposomes can fuse with the stratum
corneum, delivering moisturising agents directly to the deeper layers. Manufacturing processes such as
extrusion or sonication must be optimized to achieve a narrow size distribution, and the presence of
cholesterol in the bilayer can affect membrane fluidity and stability.

Dendrimer – A highly branched, tree‑like macromolecule with a well‑defined, monodisperse structure and
numerous surface functional groups. Dendrimers can be engineered to hold multiple active molecules,
enabling synergistic effects in anti‑aging or skin‑brightening formulations. For instance, a fourth‑generation
poly(amidoamine) dendrimer may be functionalised with both a peptide and a flavonoid, delivering both
simultaneously. The synthesis of dendrimers is complex and costly, and their high surface charge can raise
concerns about cytotoxicity, requiring thorough safety assessment.

Quantum Dot – Semiconductor nanocrystals that exhibit size‑dependent optical properties, such as
fluorescence. In cosmetics, quantum dots are explored for colour‑changing lipsticks that shift hue under
different lighting conditions. Their unique luminescence can also be used in diagnostic skincare devices that
monitor skin health. However, quantum dots often contain heavy metals like cadmium, presenting
significant regulatory and environmental hurdles.

Nanofiber – Fibrous structures with diameters in the nanometre range, typically produced by
electrospinning. Nanofibers can be incorporated into facial masks, wound‑healing patches, or hair‑care
products to provide a breathable, high‑surface‑area scaffold that releases actives over time. A nanofiber
mask infused with salicylic acid may deliver a steady dose to treat acne while maintaining comfort.
Controlling fibre uniformity and preventing bead formation are technical challenges that impact product
consistency.

Nanoclay – Naturally occurring or synthetically modified layered silicates with nanoscale platelets.
Nanoclays improve rheology, enhance barrier properties, and can stabilize emulsions. In a foundation,
nanoclay particles can increase oil‑absorption capacity, resulting in a matte finish. The challenge is ensuring
even dispersion; otherwise, the clay may settle or cause a gritty texture.

Nanogel – A three‑dimensional network of polymeric chains at the nanoscale, capable of swelling in
response to external stimuli such as pH or temperature. Nanogels can encapsulate actives like peptides and
release them in response to skin pH changes, offering targeted delivery. An example is a nanogel patch that
releases anti‑inflammatory agents when the skin becomes more acidic due to irritation. Formulation
scientists must balance gel strength with diffusion rates to achieve desired release kinetics.
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Polymer‑Based Nanocarrier – A broad category that includes polymeric nanoparticles, nanocapsules, and
nanogels derived from biodegradable polymers such as PLGA (poly(lactic‑co‑glycolic acid)) or chitosan.
These carriers protect actives from degradation, enhance penetration, and can be engineered for controlled
release. For instance, a chitosan nanoparticle can carry niacinamide and improve its residence time on the
skin. The primary challenges are polymer purity, batch‑to‑batch consistency, and potential immunogenicity.

Surface Functionalisation – The process of attaching specific chemical groups or ligands to the surface of a
nanomaterial to modify its interaction with biological membranes or other formulation components.
Functionalisation with polyethylene glycol (PEG) creates a “stealth” effect, reducing opsonisation and
prolonging the residence time of a nanoparticle on the skin. In a sunscreen, PEG‑ylated zinc oxide
nanoparticles may exhibit reduced aggregation. The drawback is that excessive surface modification can
hinder the intended active‑release mechanisms.

Encapsulation Efficiency – The percentage of an active ingredient that is successfully incorporated into a
nanocarrier relative to the total amount used during formulation. High encapsulation efficiency is desirable
to minimise waste and ensure consistent dosing. For a liposomal vitamin E formulation, an encapsulation
efficiency above 80 % indicates effective incorporation. Low efficiency may necessitate additional
purification steps, increasing production costs.

Particle Size Distribution – The range and frequency of particle sizes within a nanomaterial batch, typically
described by mean diameter and polydispersity index (PDI). A narrow distribution (PDI Zeta Potential – The
electrical potential at the slipping plane of a particle in suspension, indicating surface charge and colloidal
stability. A zeta potential magnitude greater than ±30 mV generally predicts good stability against
aggregation. In a nanoemulsion containing a negatively charged surfactant, a measured zeta potential of –
35 mV suggests a stable system. However, high surface charge may also increase skin irritation, especially
for sensitive individuals.

Critical Micelle Concentration (CMC) – The concentration of surfactant at which micelles begin to form in
solution. Above the CMC, surfactant molecules aggregate, influencing solubilisation of hydrophobic actives.
In a micellar cleansing water, the surfactant concentration is set just above the CMC to maximise oil removal
while preserving skin barrier function. Selecting surfactants with a low CMC can reduce the amount needed,
but may raise concerns about residue on the skin.

Surfactant – Amphiphilic molecules that reduce interfacial tension, enabling the formation and stabilization
of emulsions, foams, and dispersions. Common cosmetic surfactants include sodium laureth sulfate,
cocamidopropyl betaine, and polysorbate 20. Surfactants determine the texture, foaming properties, and
stability of a product. Selecting the appropriate surfactant involves balancing cleansing efficacy with skin
tolerability; for example, mild surfactants are preferred in baby wipes, while stronger surfactants may be
used in deep‑cleansing masks.

Emulsifier – A specific type of surfactant used to stabilize oil‑in‑water (O/W) or water‑in‑oil (W/O) emulsions
by forming a protective interfacial film around droplets. Emulsifiers such as glyceryl stearate or lecithin are
essential in creams and lotions to prevent phase separation. The HLB (hydrophilic‑lipophilic balance) value
of an emulsifier guides formulation scientists in selecting appropriate combinations for a desired emulsion
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type. Inadequate emulsifier selection can lead to creaming, oiling out, or a gritty texture.

Rheology – The study of flow and deformation behavior of a material. In cosmetics, rheological properties
influence product spreadability, stability, and consumer perception. A shear‑thinning cream feels light on
the skin because its viscosity decreases under the shear forces of application. Viscometers and rheometers
are employed to measure parameters such as yield stress, viscosity, and thixotropy. Formulators must tailor
rheology to match the intended use; for instance, a gel for the eye area requires low viscosity to avoid
pulling on delicate skin.

Viscosity – A measure of a fluid’s resistance to flow. Viscosity is critical in determining how a product pours,
pumps, or spreads. In a facial serum, a viscosity of 10 cP allows for easy dispensing from a dropper, while a
night cream may target 10,000 cP for a richer feel. Temperature influences viscosity; thus, stability testing at
different storage temperatures is vital.

Thixotropy – A time‑dependent shear‑thinning behavior where a material becomes less viscous under shear
but recovers its original viscosity after resting. Thixotropic gels are popular in hair styling products because
they stay in place once the hair is set, yet become easy to work with during application. Excessive thixotropy
can cause uneven product distribution, while insufficient thixotropy may result in a product that does not
hold its shape.

Stability – The ability of a formulation to maintain its physical, chemical, and microbiological integrity over
its intended shelf life. Stability testing includes evaluating parameters such as phase separation, color
change, pH drift, and microbial growth. For nanocosmetics, stability also encompasses nanoparticle
aggregation, dissolution, and photodegradation. Accelerated stability studies at elevated temperature and
humidity can predict long‑term behavior, but real‑time testing remains essential for regulatory compliance.

Shelf‑Life – The period during which a product remains safe and effective when stored under recommended
conditions. Shelf‑life is determined by stability data and is often expressed in months or years. A sunscreen
with a shelf‑life of 24 months must retain its SPF rating throughout that period. Factors that shorten
shelf‑life include exposure to light, oxygen, and moisture, which can degrade sensitive actives such as
retinol.

pH – A measure of the acidity or alkalinity of a formulation. Human skin typically has a surface pH of 4.5–
5.5; therefore, most leave‑on cosmetics aim for a pH within this range to avoid disrupting the acid mantle. A
cleanser with a pH of 7 may be too alkaline and cause irritation, while a highly acidic exfoliant (pH ≈ 3) could
damage the barrier if over‑used. pH also influences the ionisation state of actives, affecting solubility and
stability.

Preservative – An antimicrobial agent added to prevent microbial growth in water‑based products.
Common preservatives include phenoxyethanol, parabens, and benzyl alcohol. The choice of preservative
must balance broad‑spectrum efficacy with skin tolerability. For a natural‑focused line, preservative‑free
formulations may rely on high‑viscosity or low water activity, but this approach can limit product type and
shelf‑life.

Antioxidant – A substance that inhibits oxidation, protecting both the product and the skin from free‑radical
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damage. Antioxidants such as tocopherol, ferulic acid, and green‑tea extract are frequently incorporated
into anti‑aging serums. In nanocarrier systems, antioxidants can be co‑encapsulated with the primary active
to prevent degradation during storage. However, some antioxidants may interact with metal ions in the
formulation, leading to colour changes or reduced efficacy.

Active Ingredient – The component in a cosmetic product that provides the claimed functional benefit, such
as moisturisation, brightening, or UV protection. In a nanotechnology context, the active may be
incorporated within a nanocarrier to enhance delivery. For example, a peptide that stimulates collagen
synthesis can be loaded into a liposomal system to improve penetration depth. Selecting an active requires
consideration of its molecular size, stability, and compatibility with other formulation components.

Vehicle – The non‑active component of a formulation that delivers the active ingredient to the skin. Vehicles
can be aqueous, oily, or hybrid (emulsion). In a nanocosmetic, the vehicle may include surfactants,
co‑solvents, and stabilisers that support nanoparticle dispersion. A well‑designed vehicle ensures uniform
application, optimal release, and pleasant sensory attributes. Poor vehicle design can lead to active
migration, phase separation, or an undesirable feel on the skin.

Delivery System – Any structure or technology employed to transport an active ingredient to a target site
within the skin. Nanocarriers, liposomes, and dendrimers are examples of delivery systems. The selection of
a delivery system is guided by the target depth (e.g., stratum corneum versus dermis), the physicochemical
properties of the active, and the desired release profile. A mismatch between delivery system and active can
result in low efficacy or increased irritation.

Penetration Enhancer – A compound that temporarily alters the skin barrier to increase the permeation of
actives. Common enhancers include ethanol, oleic acid, and certain surfactants. In nanocosmetics, the carrier
itself may act as a penetration enhancer; for instance, solid lipid nanoparticles can disrupt lipid packing in
the stratum corneum, facilitating deeper delivery. Over‑use of penetration enhancers can compromise
barrier function, leading to heightened sensitivity.

Skin Barrier – The outermost layer of the skin, primarily the stratum corneum, which protects against
transepidermal water loss (TEWL) and external aggressors. Cosmetic formulations must respect the barrier’s
integrity; nanocarriers designed to interact gently with the lipid matrix can improve active delivery without
causing damage. Disruption of the barrier, whether by harsh surfactants or excessive penetration enhancers,
may trigger inflammation or allergic reactions.

Transdermal Delivery – The transport of substances across the skin to reach systemic circulation. While most
cosmetics target local effects, some nanotechnologies are explored for transdermal delivery of vitamins or
peptides. Patch‑type products using nanogels can achieve controlled release over several hours. Regulatory
classification becomes critical in this context, as transdermal products may be considered drugs rather than
cosmetics.

In‑Vitro Testing – Laboratory assays performed outside a living organism to assess safety, efficacy, or
stability. In nanocosmetics, in‑vitro tests include cytotoxicity assays on keratinocyte cultures, skin irritation
models, and permeation studies using Franz diffusion cells. In‑vitro data provide early indications of
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performance but must be complemented by in‑vivo or clinical studies for full validation.

In‑Vivo Testing – Studies conducted on living subjects, typically human volunteers, to evaluate product
performance under realistic conditions. Clinical trials for a new anti‑acne nanogel may measure lesion count
reduction over eight weeks. In‑vivo testing must adhere to ethical guidelines, obtain informed consent, and
be registered with appropriate regulatory bodies. Challenges include recruiting representative participants
and controlling external variables such as diet or environmental exposure.

Clinical Efficacy – The measurable benefit demonstrated in a clinical study, such as reduction in wrinkle
depth or improvement in skin hydration. For nanocosmetics, efficacy claims must be supported by
statistically significant data. A study showing a 15 % increase in skin elasticity after eight weeks of using a
nano‑encapsulated peptide cream would substantiate an anti‑aging claim. The design of the study,
including control groups and blinding, directly impacts the credibility of the results.

Safety Assessment – A comprehensive evaluation of potential hazards associated with a cosmetic product,
encompassing toxicology, irritation, sensitisation, and environmental impact. Nanomaterials require
additional scrutiny because of their unique physicochemical properties. Safety assessment may involve
acute dermal toxicity tests, repeated‑dose studies, and genotoxicity assays. The outcome determines
whether the product can be marketed and what labelling requirements apply.

Regulatory Compliance – The process of ensuring that a product meets all applicable laws, guidelines, and
standards in the markets where it will be sold. In the European Union, nanomaterials must be declared in
the INCI (International Nomenclature of Cosmetic Ingredients) list, and a specific safety dossier is required.
In the United States, the FDA monitors nanomaterials under the Federal Food, Drug, and Cosmetic Act but
does not have a separate nanomaterial regulation. Companies must stay current with evolving regulations,
such as the EU’s recent guidance on nanomaterial labelling.

INCI (International Nomenclature of Cosmetic Ingredients) – The standardized naming system for cosmetic
ingredients used on product labels worldwide. Nanomaterials are identified by their base material followed
by the term “nano” in brackets, for example, “Zinc Oxide (nano)”. Accurate INCI naming is essential for
transparency and regulatory compliance. Mislabeling can lead to enforcement actions, product recalls, or
loss of consumer trust.

Good Manufacturing Practice (GMP) – A set of guidelines that ensure products are consistently produced
and controlled according to quality standards. GMP covers aspects such as equipment calibration,
personnel training, documentation, and batch traceability. For nanocosmetics, GMP also mandates control
of particle size distribution and contamination risk. Failure to adhere to GMP can result in batch rejection,
market withdrawal, or legal penalties.

Quality by Design (QbD) – A systematic approach that builds quality into a product from the development
stage, using predefined objectives and risk assessments. QbD involves defining a design space, identifying
critical quality attributes (CQAs), and employing process analytical technology (PAT) to monitor production.
In nanotechnology, QbD helps optimise parameters such as homogenisation speed, temperature, and
surfactant concentration to achieve the desired nanoparticle size and stability.
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Critical Quality Attribute (CQA) – A physical, chemical, biological, or microbiological property that must be
controlled to ensure product quality. For a nanoemulsion sunscreen, CQAs may include particle size, PDI,
SPF value, and UV‑filter concentration. Identifying CQAs early enables focused monitoring and corrective
actions during manufacturing.

Process Analytical Technology (PAT) – Tools and systems used to analyse and control manufacturing
processes in real time. PAT can include in‑line particle size analyzers, spectroscopic sensors, and
temperature monitors. Implementing PAT in a nanocapsule production line allows immediate detection of
deviations, reducing waste and ensuring batch consistency.

Scale‑Up – The transition from laboratory‑scale production to pilot or commercial scale. Scaling up
nanotechnologies often introduces challenges such as maintaining uniform shear forces, preventing
sedimentation, and controlling temperature gradients. For example, a lab‑scale high‑pressure homogeniser
may produce nanoparticles at 100 µm size, but when scaled to a production line, the same process may
yield larger particles due to altered flow dynamics. Engineers must redesign equipment or adjust process
parameters to preserve product attributes.

Batch‑to‑Batch Variation – Differences in product characteristics that arise between manufacturing runs. In
nanocosmetics, even minor changes in raw‑material quality or processing conditions can lead to noticeable
shifts in particle size or colour. Implementing robust quality control procedures, such as routine DLS
measurements and visual inspections, helps minimise variation.

Raw Material Specification – Detailed description of the required quality attributes of each ingredient,
including purity, particle size, moisture content, and microbiological limits. For a nanoclay, specifications
may demand a plate thickness below 10 nm and a surface area above 150 m²/g. Accurate specifications
prevent downstream issues such as poor dispersion or unexpected reactivity.

Stabiliser – An additive that prevents aggregation or coalescence of particles in a colloidal system. Common
stabilisers include polymers like polyvinylpyrrolidone (PVP) or surfactants such as polysorbate 80. In a
nanolipid carrier, a stabiliser adsorbs onto the particle surface, providing steric hindrance that maintains
dispersion. Over‑use of stabilisers can increase viscosity or cause skin irritation, so optimisation is required.

Co‑solvent – A secondary solvent used to improve the solubility of an active ingredient or to assist in the
formation of a nanostructure. Ethanol is frequently employed as a co‑solvent in nanoemulsion preparation
because it reduces interfacial tension and facilitates oil phase dispersion. However, high levels of co‑solvent
may affect the drying time of a spray‑on product or increase flammability risk.

Solvent Evaporation – A technique for producing polymeric nanoparticles where a polymer solution is
emulsified in an aqueous phase, and the organic solvent is removed by evaporation, leaving solid particles.
This method is widely used for encapsulating lipophilic actives such as retinol. Controlling the evaporation
rate is critical; too rapid removal can cause particle collapse, while slow removal may lead to residual
solvent, which must be below regulatory limits.

High‑Pressure Homogenisation – A mechanical process that forces a liquid through a narrow gap at high
pressure, generating intense shear and turbulence to reduce particle size. This technique is common for
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producing nanoemulsions and nanocapsules. Parameters such as pressure (e.g., 150 MPa), number of cycles,
and temperature must be optimised to achieve the target size without degrading heat‑sensitive actives.

Microfluidisation – A continuous flow process that creates fine emulsions by forcing fluids through
micro‑channels at high velocity, producing uniform shear fields. Microfluidisers are valued for their
reproducibility and ability to scale up. A microfluidised nanoemulsion can achieve droplet sizes below
100 nm with low PDI, ideal for transparent sunscreen formulations. The equipment cost and need for precise
cleaning protocols are notable considerations.

Freeze‑Drying (Lyophilisation) – A dehydration method where a frozen product is subjected to sublimation
under vacuum, preserving the structure of sensitive nanocarriers. Freeze‑drying is used to convert liquid
nanocapsule suspensions into dry powders that can be reconstituted before use. The process protects
thermolabile actives but requires careful selection of cryoprotectants to prevent particle aggregation upon
rehydration.

Cryoprotectant – An additive that protects nanoparticles from damage during freezing and thawing.
Common cryoprotectants include sugars like trehalose or polymers such as mannitol. In a lyophilised
liposomal product, a cryoprotectant forms a glassy matrix around the vesicles, reducing membrane fusion.
Inadequate cryoprotectant levels may result in loss of encapsulation efficiency after reconstitution.

Reconstitution – The process of restoring a dried nanomaterial to its original dispersed state by adding a
suitable liquid. Proper reconstitution ensures that particle size and distribution are retained. For a powdered
serum containing NLCs, the user adds a specified amount of distilled water and gently shakes to achieve a
uniform suspension. Failure to follow reconstitution instructions can lead to clumping or uneven dosing.

Polydispersity Index (PDI) – A dimensionless number that indicates the breadth of the particle size
distribution, derived from dynamic light scattering data. A low PDI (≤ 0.2) reflects a narrow size range, which
is desirable for consistent performance and stability. High PDI values suggest heterogeneity, which can
cause unpredictable skin feel and may accelerate aggregation.

Photostability – The resistance of a formulation or active ingredient to degradation upon exposure to light.
UV filters and certain antioxidants are prone to photodegradation, leading to loss of efficacy and formation
of potentially harmful by‑products. Encapsulating UV filters in silica shells or embedding them in
nanocarriers can improve photostability, extending product shelf‑life.

Oxidative Stability – The ability of a product to resist oxidation, which can cause rancidity, colour change,
and loss of functional properties. Lipid‑based nanocarriers are especially vulnerable to oxidation due to the
high surface area of the lipid core. Antioxidant incorporation, nitrogen flushing, and opaque packaging are
strategies to enhance oxidative stability.

Skin Sensitisation – An immune‑mediated response that occurs after repeated exposure to a substance,
leading to allergic reactions such as contact dermatitis. Nanomaterials can act as adjuvants, potentially
increasing sensitisation risk. In vitro assays such as the human Cell Line Activation Test (h-CLAT) are
employed to screen for sensitisation potential before clinical testing.
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Dermal Irritation – A reversible inflammatory response of the skin to a substance, characterised by redness,
swelling, or itching. Irritation testing follows OECD Test Guideline 404, using reconstructed human epidermis
models or animal‑free in‑vitro methods. Nanoparticles with high surface charge may increase irritation,
highlighting the need for careful surface modification.

Eco‑toxicity – The potential of a substance to cause adverse effects on the environment, including aquatic
organisms, soil microbes, and plants. Nanomaterials may persist in water bodies, raising concerns about
bioaccumulation and ecosystem disruption. Ecotoxicological assessments often involve Daphnia magna
immobilisation tests and algae growth inhibition assays. Regulatory agencies increasingly require
eco‑toxicity data for nanomaterials used in cosmetics.

Biodegradability – The capacity of a material to be broken down by biological processes into non‑toxic
components. Biodegradable polymers such as poly(lactic‑co‑glycolic acid) are preferred for nanocarriers to
minimise environmental impact. Testing follows OECD Test Guideline 301, measuring the percentage of
material mineralised over a set period.

Nanomaterial Definition – The regulatory definition of a nanomaterial varies by jurisdiction. In the EU, a
material is considered a nanomaterial if more than 50 % of its particles have at least one external dimension
in the 1‑100 nm range. The United States does not have a single definition but refers to the FDA’s guidance
on nanomaterials, which emphasises the need for safety data when the nanomaterial exhibits unique
properties. Understanding the specific definition is crucial for labelling and safety dossier preparation.

Risk Assessment – A systematic process to identify hazards, evaluate exposure, and estimate the likelihood
of adverse effects. For nanocosmetics, risk assessment integrates physicochemical characterisation,
toxicological data, exposure modelling (e.g., dermal absorption rates), and margin‑of‑safety calculations.
The outcome informs risk management decisions such as concentration limits or additional safety studies.

Margin of Safety (MoS) – The ratio of the no‑observed‑adverse‑effect level (NOAEL) to the estimated
human exposure. An MoS greater than 100 is generally considered acceptable for cosmetic ingredients.
Calculating MoS for a nanocarrier‑based active involves determining the NOAEL from animal studies,
adjusting for interspecies differences, and factoring in the predicted dermal absorption rate of the
nanoparticle.

Dermal Absorption – The process by which substances penetrate the skin and enter systemic circulation.
Nanoparticles can influence absorption pathways, either by opening intercellular lipid channels or by
trans‑follicular transport through hair follicles. In vitro skin permeation studies using Franz diffusion cells
provide quantitative data on absorption rates, which feed into risk assessment models.

Trans‑follicular Route – A pathway for penetration that follows the hair follicle shaft and associated
sebaceous glands. Nanoparticles sized around 300 nm are particularly effective at entering this route,
delivering actives to deeper skin layers. Formulating a hair‑growth serum with nanocapsules that target the
follicular niche can enhance efficacy compared to conventional solutions. However, excessive follicular
accumulation may raise safety concerns, requiring thorough clearance studies.

In‑Silico Modelling – Computational techniques used to predict physicochemical properties, toxicological
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outcomes, or formulation behaviour. Molecular docking, quantitative structure‑activity relationship (QSAR)
models, and Monte Carlo simulations are examples. In nanocosmetics, in‑silico tools can forecast
nanoparticle‑skin interactions, helping to prioritise candidates before laboratory testing. The accuracy of
predictions depends on the quality of input data and the relevance of the model to nanomaterials.

Standard Operating Procedure (SOP) – A documented set of instructions that outlines how to perform a
specific task consistently. SOPs for nanoparticle synthesis, cleaning of equipment, or sampling for quality
control ensure reproducibility and compliance with GMP. Regular SOP review and employee training are
essential to maintain process integrity.

Batch Record – A detailed log that captures all manufacturing steps, material quantities, equipment settings,
and test results for a specific production batch. Batch records for nanocapsule manufacturing must include
critical parameters such as homogenisation pressure, temperature, and particle size measurements.
Accurate batch records enable traceability, facilitate investigations of deviations, and support regulatory
inspections.

Stability‑Indicating Method – An analytical technique capable of distinguishing between the active
ingredient and its degradation products. High‑performance liquid chromatography (HPLC) with photodiode
array detection is commonly used for stability testing of nanocarrier‑encapsulated actives. A
stability‑indicating method verifies that any observed loss of potency is due to genuine degradation rather
than analytical artefacts.

Accelerated Stability Testing – A protocol that subjects a product to elevated temperature and humidity to
predict long‑term behaviour in a shorter time frame. For example, storing a nanoemulsion at 40 °C and 75 %
relative humidity for six weeks can simulate two years of real‑time storage. Data from accelerated tests must
be correlated with real‑time data to confirm predictive accuracy.

Real‑Time Stability Testing – Monitoring a product under normal storage conditions (e.g., 25 °C, 60 %
relative humidity) over its intended shelf‑life. Real‑time data provide definitive evidence of product stability,
especially for parameters that may not be accelerated, such as microbial growth. Both accelerated and
real‑time testing are required for comprehensive stability dossiers.

Packaging Interaction – The potential for the container or closure system to affect product quality. For
nanocosmetics, packaging materials can influence light exposure, oxygen ingress, and particle migration.
Amber glass bottles protect light‑sensitive nanomaterials, while high‑density polyethylene (HDPE) caps may
leach plasticizers that destabilise emulsions. Compatibility studies evaluate leachables and ensure that
packaging does not compromise safety or efficacy.

Nanoparticle Tracking Analysis (NTA) – An analytical technique that visualises and tracks individual
nanoparticles in a liquid suspension, providing size distribution and concentration data. NTA complements
DLS by offering number‑based distributions, which are valuable for dose calculations in safety assessments.
The technique requires careful calibration and sample preparation to avoid artefacts from bubbles or
aggregates.

Transmission Electron Microscopy (TEM) – A high‑resolution imaging method that visualises the
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morphology and internal structure of nanoparticles. TEM images can confirm the core‑shell architecture of
nanocapsules or the crystalline nature of metal oxide nanoparticles. Sample preparation for TEM may
involve staining or cryo‑preservation to prevent artefacts.

Scanning Electron Microscopy (SEM) – An imaging technique that provides surface topography details of
solid samples. SEM can be used to examine the surface of dried nanogel films or the texture of a powdered
sunscreen. While SEM offers lower resolution than TEM for internal structures, it is valuable for assessing
particle shape and surface roughness.

Dynamic Light Scattering (DLS) – A widely used technique that measures the fluctuations in light scattering
caused by Brownian motion of particles, yielding average hydrodynamic diameter and PDI. DLS is rapid and
suitable for routine quality control of nanocapsule suspensions. However, DLS is sensitive to the presence of
large aggregates, which can skew results; therefore, samples often require filtration or dilution before
measurement.

Fourier‑Transform Infrared Spectroscopy (FTIR) – An analytical method that identifies functional groups and
chemical bonds in a material based on infrared absorption. FTIR can verify the presence of surface
functional groups on modified nanoparticles, such as silane coupling agents on silica nanospheres. It also
detects potential interactions between the active ingredient and the carrier matrix.

Thermogravimetric Analysis (TGA) – A technique that measures weight change as a function of temperature,
useful for determining moisture content, organic loading, and thermal stability. In a solid lipid nanoparticle
formulation, TGA can quantify the percentage of lipid versus encapsulated active, informing encapsulation
efficiency calculations.

Differential Scanning Calorimetry (DSC) – An instrument that records heat flow associated with phase
transitions, providing insight into crystallinity, melting points, and polymorphic changes. DSC helps assess
whether an active ingredient is molecularly dispersed within a lipid matrix or exists as a separate crystalline
phase, which influences release behaviour.
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