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Abbreviations

SLN: Solid Lipid Nanoparticle

NLC: Nanostructured Lipid Carriers

SEDDS: Self-Emulsifying Delivery System

AI: Active Ingredient

TEM: Transmission electron microscopy

DPV: Differential Pulse Voltammetry

Abstract

Introduction: Since 2000, lipid nanoparticles have attracted much
attention. These nanoparticles are colloidal carriers and due to their
small size, they have many advantages over other carriers. Some of
the advantages are high physical and chemical stability,
biocompatibility, high loading capacity. These factors have made these
nanoparticles a good choice for hair care products.
Methods: Van Krevelen-Hoftyzer and Hoy models were used for
mathematical modeling of the solubility parameter to select the best
components before the synthesis of lipid nanoparticles. Lipid
nanoparticles synthesized by high-pressure homogenization
technique. Dynamic Light Scattering (DLS) was used to characterize
the physicochemical properties of the nanoparticles, including mean
particle size and zeta potential. Field Emission Scanning Electron
Microscopy (FE-SEM), Bicinchoninic acid assay (BCA) and
spectrocolorimeter were used to determine hair structure changes.
Mechanical changes of hair investigated by tensile testing and
cytotoxicity of nanoparticles evaluated by MTT assay.
Results and discussion: The nanoparticles are in nano-sized and have
high stability due to their zeta potential. Lipid nanoparticles protect
hair by forming a thin film on the hair cortex and adhesion ability due
to van der Waals forces between nanoparticles and hydrophobic
interactions between physiological lipids and cuticle lipid layer. Also,
according to the mentioned modeling, which considers polarity,
structural symmetry, hydrogen bonding, bond energy and molar
volume of constituent components, lipid-surfactant solubility affects
particle size and lipid-drug solubility affects drug trapping efficiency.
Conclusion: The use of magnetic water instead of deionized water can
improve the moisture effect of nanoparticles. Altering the
physiological lipids of the nanoparticles and the loaded active
ingredient more efficient lipid nanoparticles can be synthesized.

Conclusion

Thermo-responsive drug release from SLNs was obtained by devising a DPV method for real-time
electrochemical detection of active ingredient. Determining solubility parameters helps to
reduce the number of tests and make the results more accurate. The use of magnetic water
instead of deionized water can improve the moisture effect of nanoparticles. Altering the
physiological lipids of the nanoparticles and the loaded active ingredient more efficient lipid
nanoparticles can be synthesized. In general, the use of lipid nanoparticles to treat hair damages
due to non-toxicity and biocompatible formulation is a good alternative for chemical substitutes
that can cause cancer over time.
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Preventing of NLCs from Hair Damage and Discoloration 
Caused by UV and Heat Exposure

Calculation of Rheological and Viscoelastic Properties of NLC Dispersions by 
Composition of the oil Phase and the Storage Temperature

Surfactants-Lipids Solubility parameter Has a Bearing on the Nanoparticle
Size While AI-Lipid Solubility Parameter Affects AI Entrapment Efficiency

Hoftyzer-Van 
Krevelen Theory

Producing DPV Signal by Oxidized Active Ingredient for Drug 
Release Studies
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Lipids removal allows rearrangement of keratin

Lipids intercalate and change hair keratin structure

Direct Effect of Cystine Content of Keratin and Disulfide 
Cross-Links, in Mechanical and Physical Properties

The Effect of Concentration Gradient On Increasing of
Release Rate and permeation of AI Based on The Fick’s Law of
Diffusion

 Schematic presentation of the DPV method
for drug release studies

1. active ingredient released from SLNs will
undergo oxidation due to applied pulsed
voltage

2. The oxidized AI is accumulated at the
working electrode and produces signal
proportional to concentration of active
ingredient in the dissolution medium.
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Mechanical and Physical 
Properties of Human Hair:

 Elasticity
 Smoothness
 Volume
 Shine
 Softness 
 Pigmentation

Modulation of Lipid Systems into Various Physical forms Based on Being 
Suitable for Topical Administration

AI types for 
encapsulating in lipid 
systems:

 Hydrophilic AI
 Hydrophobic AI
 Amphiphilic AI

Hoy Theory
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Diffusion coefficient of AI 
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Solubility of AI in 
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Diffusion path length across 
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The flux of AI through 
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The concentration of the 
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The solubility of AI 
in lipid carrier

Penetration enhancement achieved by:
 Increasing the degree of saturation of AI in the carrier
 Increasing the AI solubility in the human hair structure
 Increasing the drug diffusivity through the human hair 

Hair Fibers Have 65–95 wt% of
Proteins Depending on the
Humidity

Decrease of Protein and Pigments Loss in Human 
Hair Samples with Lipid Nanoparticle Treatment

TEM Results Show
Spherical shape for NLCs

Solubility parameters of components calculated by Hoftyzer-Van Kreleven method

Solubility parameters of components calculated by Hoy method

DLS Results of NLC Show stable
Formulation

Effects of Rheological Properties on the Nature of Colloidal Carrier 
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