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  Aims 

AIMS AND ORGANIZATION OF THE THESIS 

 

Since the beginning of the 1990s the lipid nanoparticles were getting a growing interest from 

the pharmaceutical technology research groups world wide. Nowadays solid lipid 

nanoparticles (SLN) and nanostructured lipid carriers (NLC) have been already investigated 

as carrier systems for many applications. 

 

In this thesis different NLC formulations were developed to be incorporated in dermal and 

personal care formulations. The advantages of using NLC in these preparations and the 

factors affecting these advantages were studied in details. 

 

The thesis consists of six main chapters. The first chapter contains a literature review with 

respect to the uses of SLN and NLC as topical drug delivery systems. The features that SLN 

and NLC have, as topical delivery systems, were mentioned and the market products based on 

these systems were listed. The second chapter contains the materials and methods used in this 

work. The other four chapters contain different studies. The aims of these studies were: 

 

 In chapter 3: To determine the optimal production conditions of NLC. 

 

 In chapter 4: To develop NLC formulations which provide chemical protection to the 

chemically labile actives. The first NLC formulation contains coenzyme Q 10 and black 

currant seed oil. A formulation that contains a high load of black currant seed oil while 

maintaining the physical stability of the particles and the chemical stability of the oil 

was to be developed. The chemical stability of coenzyme Q 10 and black currant seed 

oil was to be determined in the developed NLC formulation and in a reference emulsion. 

The second NLC formulation contains retinol. The developed formulations were to have 

high load of retinol while maintaining the physical stability of the particles and the 

chemical stability of the incorporated retinol. 

 

 In chapter 5: To develop NLC formulations to be used in sunscreen products as a UV 

blocker enhancer and to study the factors affecting this enhancement. Three NLC 

formulations were to be developed. A placebo NLC formulation that does not contain 

any UV blocker, an organic UV blocker-loaded NLC formulation (BMBM) and a TiO2-
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loaded NLC formulation. The different NLC formulations were to be incorporated in 

conventional creams and the enhancement of the UV blocking activity was to be 

measured. 

 

 In chapter 6: To develop stable perfume-loaded NLC formulations that have a controlled 

perfume release profile and to study the factors affecting this release. Perfume-loaded 

NLC that have a positive charge were to be developed and incorporated in a 

conventional textile softener. The sustainability of the perfume was to be determined 

from this NLC containing softener and a conventional perfumed one. 

 



  Chapter 1: Literature review 
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  Chapter 1: Literature review 

1.1 Colloidal drug carriers 

The new technologies employed in drug discovery lead to find many new powerful 

substances. The development of new drugs alone is not sufficient to ensure progress in drug 

therapy. Poor water solubility and insufficient bioavailability of the new drug molecules are 

main and common problems. Therefore, there is an increasing need to develop a drug carrier 

system that overcomes these drawbacks. 

This carrier system should have no toxicity (acute and chronic), have a sufficient drug loading 

capacity and the possibility of drug targeting and controlled release characteristics. It should 

also provide chemical and physical stability for the incorporated drug. The feasibility of 

production scaling up with reasonable overall costs should be available [1-3]. 

Size reduction is one of the methods to increase the solubility and hence the bioavailability of 

poorly water soluble actives, which belong to the classes II and IV in the biopharmaceutical 

classification system (BCS). Colloidal systems, particularly those in the nanosize range, have 

been increasingly investigated in the last years because they can fulfill the requirements 

mentioned above [4-6]. 

1.1.1 Liposomes 

Liposomes consist of one or more lipid bilayers of amphiphilic lipids, i.e. phospholipids, 

cholesterol and glycolipids [7]. Liposomes were described in 1965 by Bangham et al. as a cell 

membrane model [8, 9]. Later on they were used as a carrier system and were introduced to 

the cosmetic market by Dior in 1986. The first pharmaceutical marketed topical liposomal 

product was Pevaryl®-Lipogel, produced by Cilag A.G. Comprehensive biodisposition studies 

indicated the superiority of the liposomal form over the commercial Pevaryl cream, gel, and 

lotion forms. The liposomal products resulted in an increase in drug concentration in the 

epidermis (7-9 folds), where the site of action is. On the other hand, the drug concentration in 

internal organs was less, or similar to that of the treatment with the commercial preparations 

[10]. This product was followed by few others (AmBisome®, DaunoXome®). These products 

expressed less toxicity in comparison to the conventional dosage forms of the same drugs [11, 

12]. Parenteral and topical administrations are the main application routes for liposomes. The 

size of liposomes varies from 20 nm to few micrometers, with lipid membranes of 

approximately 5 nm [13]. They can be prepared by many different methods, e.g. mechanical 

dispersion, solvent dispersion and detergent dialysis [14, 15]. 

Liposomes can encapsulate hydrophilic and lipophilic drugs and they are accepted for 

intravenous dosage forms due to their composition [16]. On the other hand, liposomes often 
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suffer rapid degradation by the pH of the stomach or by the intestinal enzymes and the bile 

salts if taken orally. They also have limited physical and chemical stability during storage. 

This is due to the hydrolysis of the ester bindings of the phospholipids and the oxidation of 

the unsaturated fatty acids. Moreover, there is a lack of large-scale production methods and 

organic solvents are used in some production procedures. All of these points make liposomes 

not optimal as a pharmaceutical carrier system. To overcome some of the liposomes 

drawbacks, niosomes were invented. Saturated hydrocarbon chains and intramolecular ether 

bindings increase the chemical stability of the niosomes [7, 17]. 

1.1.2 Microemulsions and nanoemulsions 

Microemulsions are optically isotropic, transparent or translucent, low-viscous, single-phase 

liquid solutions. They are thermodynamically stable bicontinuous systems, which are 

essentially composed of water, oil, surfactant and co-surfactant [18-20]. Microemulsions 

show greater solubilizing capacities for both hydrophilic and lipophilic drugs than micellar 

solutions, e.g. Sandimmun Optoral® and Neoral® preconcentrate [21]. Due to the high 

surfactant concentration in microemulsions they are usually limited to dermal and peroral 

applications [22]. 

In the 1950's, nanoemulsions were introduced for the purposes of parenteral nutrition [23]. 

Nanoemulsions are heterogeneous systems composed of two immiscible liquids in which one 

liquid is dispersed as droplets in the other one [24-26]. In order to produce nanoemulsions an 

energy input is necessary and the obtained liquid-in-liquid dispersion is thermodynamically 

unstable [27]. 

Nanoemulsions have been used since some decades as drug carriers for lipophilic actives. 

Several pharmaceutical products based on nanoemulsion system have been introduced to the 

market e.g. Etomidat Lipuro®, Diazepam Lipuro®, Disoprivan®, Stesolid® and Lipotalon® 

[23, 28, 29]. 

The benefits of nanoemulsions over solubilization-based formulations (microemulsions) in 

terms of drug delivery are the reduction of the local and systemic side effects, e.g. reducing 

pain during injection and hemolytic activity caused by the high emulsifying agent 

concentration in the solubilization-based formulation [30]. However, the lipophilic loaded 

drug can partition between the oil droplets and the aqueous medium and hence, stability 

problems arise [31]. Moreover, the possibility of controlled drug release from nanoemulsions 

is limited due to the high mobility of the loaded drug which is dissolved in the oily phase. In 
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several studies a rapid release of the drug from its carrier system (nanoemulsion) was reported 

[32]. 

1.1.3 Nanocapsules and polymeric nanoparticles 

Nanocapsules consist of a barrier made from polymers between the core (usually oil) and the 

aqueous surrounding environment. Solvent displacement [33] and interfacial polymerization 

[34] methods are often used for nanocapsules preparation. Polymers used in the preparation of 

nanoparticles include cellulose derivatives, poly (alkylcyanoacrylates), poly (methylidene 

malonate), polyorthoesters, polyanhydrides and polyesters such as poly (lactid acid), poly 

(glycolic acid) and poly (ε-caprolactone) and their copolymers [1]. Various procedures are 

applied for polymeric nanoparticles production e.g. coacervation technique, solvent 

evaporation [35], solvent diffusion methods, interfacial polymerization [36], denaturation or 

desolvation of natural proteins or carbohydrates [36] and the degradation by high-shear 

forces, e.g. by high pressure homogenization [37] or by micro fluidization [38]. 

In contrast to emulsions and liposomes, nanocapsules and polymeric nanoparticles can 

provide more protection to the incorporated sensitive drug molecules. This is due to the 

polymeric barrier and the solid polymeric matrix respectively. It is also possible to achieve 

controlled drug release from these carrier systems [39-42]. However, polymer-based 

nanoparticles have several drawbacks, e.g. the residues of the organic solvents used in the 

production process, the toxicity from the polymer itself and the difficulty of the large-scale 

production [43, 44]. Also polymer erosion, drug diffusion through the matrix or desorption 

from the surface may occur. Moreover, the concentration of prepared polymeric nanoparticle 

suspensions is low and mostly less than 2%. Nowadays there are many market products for 

therapy based on polymeric nanoparticles e.g. Decapeptyl ®, Gonapeptyl Depot ®, and 

Enantone Depot ®. 
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1.2 Lipid nanoparticles 

1.2.1 Definitions 

Solid lipid nanoparticles (SLN) are produced by replacing the oil of an o/w emulsion by a 

solid lipid or a blend of solid lipids, i.e. the lipid particle matrix being solid at both room and 

body temperatures [45]. SLN are composed of 0.1% (w/w) to 30% (w/w) solid lipid dispersed 

in an aqueous medium and if necessary stabilized with preferably 0.5% (w/w) to 5% (w/w) 

surfactant. The incorporation of cosmetic and pharmaceutical actives is feasible. The mean 

particle size of SLN is in the submicron rage, ranging from about 40 nm to 1000 nm [45]. 

 

Nanostructured lipid carriers (NLC) are produced using blends of solid lipids and liquid 

lipids (oils). To obtain the blends for the particles matrix, solid lipids are mixed with liquid 

lipids, preferably in a ratio of 70:30 up to a ratio of 99.9:0.1. Because of the oil presence in 

these mixtures, a melting point depression compared to the pure solid lipid is observed, but 

the blends obtained are also solid at room and body temperatures [46]. The overall solid 

content of NLC could be increased up to 95% [47]. 

 

SLN are formulated from solid lipids only. Therefore, after preparation at least a part of the 

particles crystallizes in a higher energy modification (α or β`). During storage, these 

modifications can transform to the low energy, more ordered β modification. Due to this 

modification high degree of order, the number of imperfections in the crystal lattice is small, 

this leads to drug expulsion. NLC have been developed to overcome the drawbacks associated 

with SLN. They are considered to be the second generation of lipid nanoparticles. Compared 

to SLN, NLC show a higher loading capacity for active compounds by creating a less ordered 

solid lipid matrix, i.e. by blending a liquid lipid with the solid lipid, a higher particle drug 

loading can be achieved. Therefore, the NLC have an increased drug loading capacity in 

comparison to SLN and the possibility of drug expulsion during storage is less [2, 30, 48, 49]. 

NLC have also a lower water content of the particle suspension and a less tendency of 

unpredictable gelation [49-51]. 

1.2.2 SLN and NLC as drug delivery systems 

At the beginning of the 1990s, SLN have been introduced as an alternative carrier system to 

emulsions, liposomes and polymeric nanoparticles. Primarily they were developed by three 

research groups namely the groups of Müller, Gasco, and Westesen. Afterwards, a growing 
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interest from many other research groups worldwide has been given to these carrier systems 

[52]. Many drugs have been successfully incorporated into SLN and NLC for different routes 

of administration. Table 1-1 shows some drugs that have been incorporated into lipid 

nanoparticles. SLN and NLC revealed several advantages compared to the other colloidal 

carrier systems. They provide a controlled drug release and an increase in chemical stability 

of the incorporated drugs. Moreover, they are safe carriers which can be produced easily on 

large scale [2, 16, 49, 53, 54]. 
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Table 1-1: Examples of drug incorporated in lipid nanoparticles. 

 

Incorporated drug Reference 
Aciclovir [55] 
Albumin [56] 
Amphotericin B [57, 58] 
Ascorbyl palmitate [59, 60] 
Azidothymidine palmitate [61] 
Betamethasone valerate [62] 
Bupivacaine [63] 
Calcitonin [64] 
Calixarenes [65] 
Camptothecin [66-68] 
Cholesteryl butyrate [69] 
Clobetasol proprionate [70] 
Clotrimazole [71] 
Clozapine [72, 73] 
Cortisone [74] 
Cyclosporin A [75, 76] 
Dexamethasone [77] 
Diazepam [78] 
Doxorubicin [79] 
Etomidate [80] 
Etoposide [81] 
Ferrulic acid [82] 
5-Fluorouracil [83] 
Gadolinium (III) complexes [84] 
Gonadorelin [85] 
Hydrocortisone [86] 
Idarubicin [79, 87] 
Indometacin [88] 
Insect repellents [89, 90] 
Insulin [91] 
Ketoconazole [92] 
Magnetite [93] 
Mifepristone [94] 
Nitrendipine [95] 
Oxazepam [74] 
Oxytetracycline [96] 
Paclitaxel [69, 97] 
Podophyllotoxin [98] 
Prednicarbate [99] 
Prednisolone [80] 
Retinoids [100] 
Thymopentin [101] 
Tobramycin [102] 
Tocopherol [31] 
Triptolide [103, 104] 
Ubidecarenone [105-107] 
Vitamin K [108] 
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1.2.3 SLN and NLC as topical drug delivery systems 

Topical drug application has been introduced since long time to achieve several purposes on 

different levels (skin surface, epidermis, dermis and hypodermis). However, several problems 

have been reported with the conventional topical preparations e.g. low uptake due to the 

barrier function of the stratum corneum and absorption to the systemic circulation. A lot of 

research groups paid attention to the topical application of the SLN and NLC. Many features, 

which these carrier systems exhibit for dermal application of cosmetics and pharmaceutics, 

have been pointed out. SLN and NLC are composed of physiological and biodegradable lipids 

that show low toxicity. The small size ensures a close contact to the stratum corneum and can 

increase the amount of drug penetrated into the skin. Due to the occlusive properties of lipid 

nanoparticles, an increased skin hydration effect is observed. Furthermore, lipid nanoparticles 

are able to enhance the chemical stability of compounds sensitive to light, oxidation and 

hydrolysis [30]. 

1.2.3.1 Increase of skin occlusion 

The lipid film formation on the top of the skin and the subsequent occlusion effect was 

reported for lipid nanoparticles [109-111]. By using very small lipid particles, which are 

produced from highly crystalline and low melting point lipids, the highest occlusion will be 

reached. Particles smaller than 400 nm containing at least 35% lipid of high cystallinity have 

been most effective [112]. Souto et al. found a higher occlusive factor for SLN in comparison 

to NLC of the same lipid content [71]. Comparing NLC with different oil content showed that 

an increase in oil content leads to a decrease of the occlusive factor [113]. 

1.2.3.2 Increase of skin hydration and elasticity 

The reduction of transepidermal water loss (TEWL) caused by occlusion leads to an increase 

in skin hydration after dermal application of SLN, NLC or formulations containing them. An 

in vivo study showed that the SLN-containing o/w cream increased the skin hydration 

significantly more than the conventional o/w cream. In this study the skin hydration effect 

after repetitive application of an o/w cream containing SLN and a conventional o/w cream 

was investigated for 28 days [112]. A significant higher increase in skin hydration was found 

by Müller et al. for an NLC-containing cream compared to conventional cream [114]. 
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1.2.3.3 Enhancement of skin permeation and drug targeting 

The stratum corneum in healthy skin has typically a water content of 20% and provides 

relatively an effective barrier against percutaneous absorption of exogenous substances. Skin 

hydration after applying SLN or NLC leads to a reduction of corneocytes packing and an 

increase in the size of the corneocytes gaps. This will facilitate the percutanious absorption 

and drug penetration to the deeper skin layers [115, 116]. 

An increase of skin penetration was reported for coenzyme Q 10 (Q10)-loaded SLN compared 

to Q10 in liquid paraffin and isopropanol. The cumulative amounts of Q10 were determined 

performing a tape stripping test. After five strips the cumulative amount of Q10 was 1%, 28% 

and 53% of the applied amount from the liquid paraffin, the isopropanol and the SLN 

formulation, respectively [117]. Similar results were achieved by another study for Q10-

loaded NLC [118]. Another tap stripping test study showed that the tocopherol-loaded SLN 

formulation enhances the tocopherol penetration into the skin [117]. Jenning et al. showed 

that enhanced penetration of retinol with epidermal targeting of this active could be achieved 

by applying retinol-loaded NLC [119]. Application of antiandrogen drug cyproterone acetate-

loaded SLN increased the skin penetration at least four folds over the uptake from the 

conventional cream and emulsion [120]. SLN were found to increase the triptolide penetration 

into the skin as well as the anti-inflammatory activity. This strategy improved the 

bioavailability at the site of action, reduces the required dose and the dose-dependent side 

effects like irritation and stinging [104]. 

Chen et al. compared podophyllotoxin-loaded SLN with podophyllotoxin tincture with 

regards to skin permeation, skin penetration and epidermal targeting effect. The 

podophyllotoxin permeated porcine skin from the tincture while no permeation was found for 

drug-loaded SLN. For one SLN formulation an increased penetration into porcine skin up to 

about four times over the tincture was reported. Furthermore, it was found that 

podophyllotoxin was located in the epidermis and hair follicles when applied as SLN 

formulation. No drug was found in the dermis after SLN application while podophyllotoxin 

after tincture application was distributed in each layer of the skin. Therefore, a localization 

effect in the epidermis was suggested and a reduction in systemic side effects is expected after 

application of podophyllotoxin using a formulation containing SLN [98]. Liu et al. found that 

epidermal targeting of isotretinoin could also be achieved using SLN [121]. 

Ricci et al. investigated the in vitro penetration of indomethacin from NLC-containing gel and 

gel without NLC through the stratum corneum and epidermis. He also investigated the in vivo 

indomethacin release by tape-stripping test and the in vivo anti-inflammatory activity using 
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the UV-B induced erythrema model. In this work it was found that the anti-inflammatory 

effect following the topical application of indomethacin was more prolonged with 

indomethacin-loaded NLC gel. In the tape stripping test higher amounts of indomethacin were 

found in the stratum corneum after application of the indomethacin-loaded NLC gel. The in 

vitro permeation through the stratum corneum and epidermis from indomethacin-loaded NLC 

gel was less than from gel without NLC [88]. 

Joshi et al. compared an NLC based gel of the nonsteroidal anti-inflammatory drug celecoxib 

with a micellar gel of the same composition regarding the in vitro skin penetration using rat 

skin and the pharmacodynamic efficiency by Aerosil induced rat paw edema. The in vitro 

permeation of celecoxib from NLC gel was less than the permeation from the micellar based 

gel. This confirms former findings about nanoparticles leading to a drug deposit in the skin 

resulting in sustained release. The in vivo comparison of the percentage edema inhibition 

produced by NLC and micellar gels showed a significant higher inhibition after application of 

the NLC based gel up to 24 hrs [122]. 

1.2.3.4 Improve benefit/risk ratio 

Skin atrophy and systemic side effect occurred after applying conventional prednicarbate 

cream could be avoided when this drug was formulated as SLN. Predinicarbate uptake was 

enhanced and it was accumulated in the epidermis with a low concentration in the dermis [99, 

116]. 

In another study Joshi et al. compared a valdecoxib-loaded NLC carbopol gel with a 

valdecoxib market product. The NLC containing gel showed no skin irritation while the 

market gel showed slight irritation after 48 hrs. Moreover, the NLC based gel showed 

prolonged activity up to 24 hrs while the activity of the market gel was shorter. This indicates 

a better skin tolerability and a longer activity of the NLC formulation compared to the 

marketed formulation [123]. 

Tretinoin loaded-SLN formulation was studied by Shah et al. concerning skin irritation. One 

of the major disadvantages associated with the topical application of tretinoin is the local skin 

irritation such as erythrema, peeling and burning as well as increased sensitivity to sunlight. 

In the in vitro permeation studies through rat skin they found that SLN based tretinoin gel has 

a permeation profile comparable to that of the market tretinoin cream. But on the other hand, 

Draize patch test showed that SLN based tretinoin gel resulted in remarkably less erythremic 

episodes compared to the currently marketed tretinoin cream and hence, a better benefit/risk 

ratio is expected for the formulations containing tretinoin-loaded SLN [124]. 
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Conclusively, applying SLN or NLC can enhance skin penetration of incorporated actives, 

promote the epidermal targeting and minimize the systemic side effects and therefore, the 

benefit/risk ratio is improved. 

1.2.3.5 Enhancement of UV blocking activity 

Some side effects of organic UV blockers were reported due to the penetration of these 

compounds into the skin causing skin irritation and allergic reaction. This penetration can be 

reduced by incorporating these compounds in lipid nanoparticles. It was found that 

incorporating benzophenone in SLN not only improves the UV blocking activity evaluated 

using in vitro photoprotection assay but also reduces the absorption of the benzophenone into 

the skin in comparison to a conventional nanoemulsion. Improving the UV blocking activity 

allows the reduction of the concentration of the UV blocker while maintaining the protective 

level of the conventional formulation [30, 110, 125, 126]. These findings were confirmed by 

Song and Lui comparing UV absorption properties of 3,4,5-trimethoxybenzochitin-loaded 

SLN and SLN free system [127]. 

Furthermore, a significant increase in SPF up to about 50 was reported after the encapsulation 

of titanium dioxide into NLC. Encapsulation of inorganic sunscreens into NLC is therefore a 

promising approach to obtain well tolerable sunscreens with high SPF [128]. 

1.2.3.6 Enhancement of chemical stability of chemically labile compounds 

Enhancement of chemical stability after incorporation into lipid nanocarriers was proven for 

many cosmetic actives, e.g. coenzyme Q 10 [117], ascorbyl palmitate [129], tocopherol 

(vitamin E) [117] and retinol (vitamin A) [100, 130]. 

1.2.4 Preparation methods of SLN and NLC 

Many methods are used for the preparation of lipid nanoparticles (SLN, NLC). These methods 

are high pressure homogenization [2, 131, 132], microemulsion technique [133-135], 

emulsification-solvent diffusion [70, 136], emulsification-solvent evaporation [137], solvent 

injection (or solvent displacement) [138], multiple emulsion technique [139], phase inversion 

[140], ultrasonication [141], and membrane contractor technique [142, 143]. 

However, high pressure homogenization is the most used method due to the many advantages 

it has compared to the other methods, e.g. the avoidance of organic solvents, the short 

production time and the possibility of production on large scale. High pressure homogenizers 

are widely used in many industries including food industry (e.g. milk) and pharmaceutical 
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industry e.g. emulsions for parenteral nutrition. Therefore, no regulatory problems exist for 

the production of pharmaceutical and cosmetic preparations using this production technique. 

Lipid nanoparticles can be produced by either the hot or cold high pressure homogenization 

technique [2]. More details about hot high pressure homogenization are mentioned in chapter 

2. 

1.2.5 Lipid nanoparticles based market products 

The positive features of lipid nanoparticles leaded to the market introduction of many 

cosmetic products. Table 1-2 provides an overview of the cosmetic products containing lipid 

nanoparticles and the date of their market introduction. 
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Table 1-2: Examples of cosmetic products currently on the market containing lipid nanoparticles. 
 

Product name Producer Market 
introduction 

main active ingredients 

Cutanova Cream Nano Repair 
Q10 
Intensive Serum NanoRepair 
Q10 
Cutanova Cream NanoVital 
Q10 

 
 

Dr. Rimpler 

10/2005 
 

10/2005 
 

06/2006 

Q 10, polypeptide, Hibiscus extract, 
ginger extract, ketosugar 
Q 10, polypeptide, mafane extract 
 
Q 10, TiO2, polypeptide, ursolic acid, 
oleanolic acid, sunflower seed extract 

SURMER Crème Legère 
Nano-Protection 
SURMER Crème Riche Nano- 
Restructurante 
SURMER Elixir du Beauté 
Nano- Vitalisant 
SURMER Masque Crème 
Nano-Hydratant 

 
 

 
Isabelle Lancray 

 
 

 
11/2006 

 
 
kukuinut oil, Monoi Tiare Tahiti®, 
pseudopeptide, milk extract  from  
coconut, wild indigo, noni extract 

NanoLipid Restore CLR 
 
 
Nanolipid Q10 CLR 
 
 
Nanolipid Basic CLR 
 
NanoLipid Repair CLR 

 
 

Chemisches 
Laboratorium 

Dr. Kurt Richter, 
(CLR) 

04/2006 
 
 

07/2006 
 
 

07/2006 
 

02/2007 

black currant seed oil containing ω-3 
and ω-6 unsaturated fatty acids 
 
coenzyme Q10 and black currant seed 
oil 
 
caprylic/capric triglycerides 
 
black currant seed oil and manuka oil 

IOPE SuperVital 
- Cream 
- Serum 
- Eye cream 
- Extra moist softener 
- Extra moist emulsion 

 
 

Amore Pacific 
 

 
 

09/2006 

 
 
coenzyme Q10, ω-3 und ω-6 
unsaturated fatty acids 

NLC Deep Effect Eye Serum 
 
NLC Deep Effect Repair 
Cream 
NLC Deep Effect 
Reconstruction Cream 
NLC Deep Effect 
Reconstruction Serum 

 
 

 
Beate Johnen 

 
 

 
12/2006 

coenzyme Q10, highly active oligo 
saccharides 
Q10, TiO2, highly active oligo 
saccharides 
Q10, Acetyl Hexapeptide-3, micronized 
plant collagen, high active 
oligosaccharides in  polysaccharide 
matrix 

 
Regenerationscreme Intensiv 

 
Scholl 

 
6/2007 

Macadamia Ternifolia seed oil, 
Avocado oil, Urea, Black currant seed 
oil 

Swiss Cellular White 
Illuminating Eye Essence 
Swiss Cellular White 
Intensive Ampoules 

 
 

la prairie 

 
 

1/2007 

Glycoprotiens, Panax ginseng root 
extract, Equisetum Arvense extract, 
Camellia Sinensis leaf extract, Viola 
Tricolor Extract 

SURMER Creme 
Contour Des Yeux Nano-
Remodelante 

 
Isabelle Lancray 

 
03/2008 

kukuinut oil, Monoi Tiare Tahiti®, 
pseudopeptide, hydrolized wheet 
protien 

Olivenöl Anti Falten 
Pflegekonzentrat 
 
Olivenöl Augenpflegebalsam 
 

 
 

Dr. Theiss 

 
 

02/2008 
 

Olea Europaea Oil, Panthenol, Acacia 
Senegal, Tocopheryl Acetate 
 
Olea Europaea Oil, Prunus Amygdalus 
Dulcis Oil, Hydrolized Milk Protein, 
Tocopheryl Acetate, Rhodiola Rosea 
Root Extract, Caffeine 
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2.1 Materials 

The materials used in this work are only partially composed of individual chemical substances 

and their composition may differ according to the manufacturer. Therefore, the 

physicochemical properties and the producer details for all the materials which were used are 

given in the present section. All the materials have been used as received and were of reagent 

grade. 

2.1.1 Solid lipids 

The solid lipids used in this work consist of a mixture of several chemical compounds which 

have a relatively high melting point (higher than 40ºC). These solid lipids are well tolerated, 

of GRAS status, accepted for human use and they are also in vivo biodegradable. 

2.1.1.1 Apifil® 

It is a market product from Gattefossé GmbH (Weil am Rhein, Germany). It is nonionic, 

hydrophilic PEG-8 white beeswax having self-emulsifying properties with an HLB value of 

9.4. Apifil melting point is between 59ºC and 70ºC. Due to its good emulsifying abilities it is 

used as lipid phase in o/w emulsions with high lipid content (40-80%). The acid value of this 

lipid is less than 5 mg KOH/g, saponification value is between 70-90 mg KOH/g and the 

iodine value is less than 10 g I2/100g. It is soluble in chloroform and ethanol and insoluble in 

water [144]. 

2.1.1.2 Beeswax 

Also called Cera alba was purchased from Caelo (Hilden, Germany). Beeswax is a hard wax 

formed consists of a mixture of several compounds mainly palmitate, palmitoleate, 

hydroxypalmitate and oleate esters of long chain (C30-C32). Beeswax has a melting point 

between 62°C and 64°C. According to the origin of the wax the saponification value will be 

between 3 and 9 mg KOH/g (European types have a lower value than oriental ones) [145, 

146]. 

2.1.1.3 Carnauba wax 2442 

It is a market product from Kahl (Trittau, Germany). Carnauba wax is a plant wax that is 

separated from the leafs of the Brazilian palm tree Copernicia Cerifera. It contains mainly 

esters of fatty acids (80-85%), fatty alcohols (10-15%), acids (3-6%) and hydrocarbons (1-

3%). Specific for carnauba wax is the content of esterified fatty diols (about 20%), 
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hydroxylated fatty acids (about 6%) and cinnamic acid (about 10%). Cinnamic acid, an 

antioxidant, may be hydroxylated or methoxylated. Carnauba wax is insoluble in water and 

soluble in organic solvents like ethyl acetate and chloroform. The acid value is 2-7 mg KOH/g 

and the saponification value is between 78-95 mg KOH/g. Its melting point is between 78°C 

and 88°C and the relative density is about 0.97. Because of its hardness carnauba wax is an 

important additive in the cosmetic products It is also accepted in the food industry and has 

many uses [147]. 

Carnauba wax 2442 L 

It is carnauba wax 2442 that has been treated with a special washing process to make it more 

suitable for the use in food, pharmaceutical industry and cosmetic products. It has less smell 

and taste. The peroxide number is almost 0 mEq O2/kg [148]. 

2.1.1.4 Compritol®888 ATO 

It is a market product from Gattefossé GmbH (Weil am Rhein, Germany) based on glycerol 

esters of behenic acid (C22). It is composed of glycerol tribehenate (28-32%), glycerol 

dibehenate (52-54%) and glycerol monobehenate (12-18%). The main fatty acid is behenic 

acid (>85%) but other fatty acids (C16-C20) are also present. The melting point of 

Compritol®888 ATO is between 69ºC and 74ºC. Due to the presence of partial acylglycerols, 

this lipid has an amphiphilic character. It has an HLB of about 2 and a density of 0.94 g/cm3 

[144]. Compritol®888 ATO has a peroxide value lower than 6 mEq O2/kg, indicating a high 

chemical stability. It is soluble in chloroform, methylene chloride and xylene when heated and 

it is insoluble in ethanol, ethyl ether, mineral oils and water. It is used as lubricating agent for 

tablets and capsules, as a binding agent for direct compression and as a lipophilic matrix in 

sustained release formulations. In dermal preparations, this lipid is used as viscosity enhancer 

(to increase the viscosity) of oil phases in w/o or o/w emulsions and improves heat stability of 

emulsions. It has to be stored below 35ºC because of the risk of caking, avoiding the contact 

with air, light, heat and moisture in its original packing. 

2.1.1.5 Cutina CP® 

It is a market product from Cognis Deutschland GmbH (Düsseldorf, Germany) and consists of 

cetyl palmitate which is a wax consists predominantly of hexadecyl hexadecanoate 

(C32H64O2), an ester of cetyl alcohol and palmitic acid. It is supplied in the form of white 

coarse pellets. Because of its characteristics this wax is used in cosmetic and pharmaceutical 

emulsions. The acid value of this lipid is max. 1 mg KOH/g, saponification value is between 
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112-123 mg KOH/g and the iodine value is max 1 g I2/100. Its melting point is between 46°C 

and 51°C. It is soluble in chloroform and ethanol and insoluble in water and paraffin [145]. 

2.1.1.6 Dynasan®116  

Dynasan®
 bases are market products from Sasol Germany GmbH (Witten, Germany). These 

products consist of lipid materials with a high content of microcrystalline triacylglycerols 

(90%) and monocarboxilic acids (10%). The triacylglycerols are glycerol esters of selected, 

even-numbered and unbranched fatty acids of natural origin. These triacylglycerols do not 

contain any antioxidants or stabilizing agents. The melting point of Dynasan®116 

(triacylglycerol of palmitic acid) is between 62ºC and 64ºC [149]. The acid value is max 3 mg 

KOH/g, saponification value is between 205-215 mg KOH/g and the iodine value is max 1 g 

I2/100g. This lipid is hardly soluble in n-hexane, ether and ethanol, and practically insoluble 

in water. If Dynasan®116 is rapidly cooled down from the melt, glassy amorphous masses are 

initially formed. On storage these amorphous masses change into crystalline modifications 

with volume expansion. The stable β modification has a very sharp melting point and is of 

triclinic structure. The lipid needs to be stored in sealed containers and protected from light. 

Under these conditions the shelf life of this product more than three years. 

2.1.1.7 Elfacos® C 26 

It is a market product from Akzo Nobel (Amsterdam, Netherlands). It is a synthetic wax of 

long chains of hyrdroxylated fatty acids and fatty alcohols, the INCI name is 

Hydroxyoctacosanyl Hydoxystearate. It has a melting point of 80°C. The acid value is 5-10 

mg KOH/g, and the saponification value is between 75-90 mg KOH/g. Elfacos C 26 is used as 

a consistency regulating agent for w/o emulsions with emulsion stabilizing properties and as a 

waxy substance for decorative cosmetics. It can be used as a replacement for beeswax [145]. 

2.1.1.8 Imwitor 900® 

It is a market product from Sasol Germany GmbH (Witten, Germany) and consists of 

vegetable-based monodiglyceride based on hydrogenated fats with a monoester content of 

about 45%. Its melting point is between 54°C and 64°C. Above its melting point it is soluble 

in oils and fats but it is insoluble in water. It is supplied in powder and flake form, and 

considered to be an additive permitted for general use (food, cosmetics and pharmaceuticals). 

The acid value of this lipid is max. 3 mg KOH/g, saponification value is between 160-180 mg 

KOH/g and the iodine value is max 3 g I2/100 [149]. 
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2.1.1.9 Precifac® ATO 

It is a market product from Gattefossé GmbH (Weil am Rhein, Germany). It is a spray dried 

cetyl palmitate. DSC analysis showed that precifac ATO has a melting point between 51.9°C 

and 55.9°C. It is practically insoluble in water and ethanol. It is usually used to increase the 

consistency of the ointments, creams and liquid emulsions [144]. 

2.1.1.10 Syncrowax ERLC 

It is a synthesized wax marketed by Croda GmbH (Nettetal Kaldenkirchen, Germany). It is an 

ethylene glycol ester of a long chain (C18-C36) fatty acid wax particularly suitable for 

emulsions and liquid polishes. It also improves emulsion stability and structure. DSC analysis 

showed that syncrowax ERLC has a melting point between 60°C and 68°C [150]. 

2.1.2 Liquid lipids (oils) 

The oils used in this work are well tolerated, of GRAS status and accepted for human use. 

2.1.2.1 Cetiol V 

It is a market product from Gognis Deutschland GmbH (Düsseldorf, Germany). A clear, 

slightly yellowish polar oil with characteristic odor. The chemical name is decyl oleate, which 

is the ester of decyl alcohol and oleic acid. Decyl oleate is used as an emollient in body 

lotions and skin preparations [145]. 

2.1.2.2 Miglyol® 812 

It is a liquid triacylglycerol obtained from Caelo GmbH (Hilden, Germany). This oil consists 

of medium chain triacylglycerols (C8-C10) (caprilic/capric triglycerides), having a density 

between 0.945 and 0.955 g/cm3. It is used as skin oil and as dissolution medium for many 

substances. It is virtually colorless and of neutral odor and taste. It is soluble in Hexane, 

toluene, diethyl ether, ethyl acetate, acetone, isopropanol, and ethanol 96%. It is miscible in 

all ratios with paraffin hydrocarbons and natural oils. The acid value is 0.1 mg KOH/g, and 

the saponification value is between 325-345 mg KOH/g [149]. 

2.1.3 Emulsifying agents 

The International Union of Pure and Applied Chemistry (IUPAC) defines the properties of an 

emulsifying agent as a surfactant, which is positively adsorbed at interfaces and lowers the 

interfacial tension [151]. When a surfactant is present in small amounts, it facilitates the 

formation of an emulsion or enhances its colloidal stability by decreasing either or both of the 
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rates of coalescence or aggregation. Surfactants have amphiphilic structures and are able to 

form micelles. Some polymers can function in the same manner, if they have a sufficient 

surface activity. 

2.1.3.1 Miranol ultra 32 

Is a market product of Henkel (Düsseldorf, Germany). The INCI name is sodium cocoampho-

acetate. A pure mild amphoteric surfactant with an isoelectric point at pH=7. In a pH between 

2 and 13 the substance is stable [152]. It has a small hydrophilic head and a short fatty acid 

chain (C6-C16), that makes the surfactant molecules very fast in covering the interfaces 

between the aqueous and oily phases [153]. The HLB value is about 34 [130]. 

2.1.3.2 PlantaCare® 2000 UP 

Is a market product of Cognis (Düsseldorf, Germany). The INCI name is decyl glucoside. It is 

a cloudy, viscous, aqueous solution of a C8-C16 fatty alcohol polyglycoside. The turbidity of 

the product is because of a combination of its magnesium oxide content (max. 500 ppm 

magnesium) and the pH value at which it is supplied. This turbidity has no negative effects on 

the products properties and disappears if the pH value is adjusted to below 7. PlantaCare 2000 

UP is a nonionic surfactant with excellent foaming capacity and good dermatological 

compatibility. Therefore, it is used as a base surfactant or a co-surfactant in cosmetic products 

of cleansing preparations. This surfactant has a high pH value and for this reason the product 

contains no preservatives (suffix UP = unpreserved) [154]. 

2.1.3.3 Tego®Care 450 

Is a market product of the company Goldschmidt AG (Essen, Germany). Chemically it is 

polyglyceryl-3 methyl-glucose distearate. Tego®Care 450 is a non-ionic and a polyethylene 

glycol (PEG) free emulsifier based on natural renewable raw materials. It is suitable for the 

formulation of o/w creams and lotions. The HLB of this emulsifier is approximately 12 and it 

exists as solid pellets with ivory color [155]. 

2.1.3.4 Tween™80 

The Tween™ series of surfactants are polyoxyethylene (POE) derivatives of the Span™ series 

products produced by Uniqema (Everberg, Belgium). Tween surfactants are hydrophilic, 

generally soluble or dispersible in water, and soluble to varying degrees in organic liquids. 

They are used for o/w emulsification, dispersion or solubilization of oils and wetting. These 

products are widely used in pharmaceutical and cosmetic products as well as in detergents and 
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food industry. Tween 80 is a POE-(20)-sorbitan monooleate, the HLB is 15. It is a yellow 

liquid with a viscosity of 400 mPas at 25°C [156]. 

2.1.3.5 Maquat® SC 18 

Is a market product of Mason Chemical Company (Illinois, USA). It is characterized as a 

stearyl dimethylbenzyl ammonium chloride available in either paste or flake form. Maquat 

SC18 is a high quality, low color cationic surfactant used in personal care formulations, 

textiles and paper [157]. 

2.1.3.6 Maquat® BTMC-85% 

Is a market product of Mason Chemical Company (Illinois, USA). It is an 85% active behenyl 

trimethyl ammonium chloride in a convenient pastille form. The antistatic properties of the 

behenyl moiety, BTMC-85% is suitable for use in wide range of products including personal 

care, textiles and paper. Maquat BTMC-85% has wetting, cleaning, conditioning, softening, 

suspending and emulsifying properties [158]. 

2.1.4 Coenzyme Q 10 (Q10) 

Coenzyme Q 10 is also known as ubiquinone or ubidecarenone. It is a benzoquinone where Q 

refers to the quinone and the 10 refers to the isoprenyl chemical subunits. 

 

 
Figure 2-1: The chemical structure of coenzyme Q 10. 
 

The vitamin-like substance is naturally present in all human cells and responsible for the 

production of the required cell energy. In each human cell food energy is converted into 

energy in the mitochondria with the aid of Q10. 95% of the energy requirements (ATP) in the 

body are converted with the aid of Q10. Therefore, the organs with the highest energy 

requirements such as heart, lungs, and liver have the highest Q10 concentrations [159]. 

Coenzyme Q10 is also used as a dietary supplement because of its ability to transfer electrons 

and hence being an antioxidant. Young people are able to make Q10 from the lower-

numbered ubiquinones, while sick and elderly people may not be able to make enough. 
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Therefore, Q10 becomes a vitamin later in life and in illness. Q10 was prescribed for 

mitochondrial disorders, migraine headaches, cancers, cardiovascular disorders, brain health 

and neurodegenerative diseases. In cosmetics Q10 is used as antioxidant in skin care products 

[160]. Some studies suggest that the combination of carotenoids and Q10 in topical skin care 

products may provide enhanced protection from inflammation and premature aging caused by 

sun exposure [161]. 

Crystalline Q10 is a yellowish powder that has a melting point around 48 ºC, and transfers to 

the amorphous state after melting. Due to the isoprenyl side chain Q10 is very lipophilic. It is 

soluble in oils, lipids and organic solvents [162]. Q10 is sensitive to light and heat and will 

decompose when it is exposed to these conditions [163, 164]. Oxidation of Q10 might also 

occur in personal care products [117]. Q10 can be synthesised chemically or by 

biotechnological means. The product produced biotechnologically is more expensive. 

The Q10 used in this work was purchased from BIK Internationaler Handel GmbH (Horgen, 

Switzerland). 

2.1.5 Black currant seed oil (BCO) 

The Black currant (Ribes nigrum) is a species of Ribes berry, native to central and northern 

Europe and Asia. Other names for Black currant are Schwarze Johannisbeer and Gichtbeer 

[165]. 

 
Figure 2-2: Black currant (Ribes nigrum) leaves and fruits. 

 

Black currant seed oil is a rich source of omega 6 (ω−6) fatty acids (gamma linolenic acid 

(GLA)), along with other important polyunsaturated fatty acids (Table 2-1). Fatty acids are 

involved in many body functions, such as maintaining body temperature, insulating nerves, 

cushioning and protecting tissues and creating energy. It is also used in the treatment of 

arthritis and to stimulate the immune system. These essential fatty acids are precursors of 

prostaglandins, which must be present for functions involved with dilating blood vessels, 
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regulating arterial pressure, metabolizing cholesterol, activating T-lymphocytes, protecting 

against platelet aggregation, controlling abnormal cell proliferation, and other functions. BCO 

is an alternative acne treatment. It boosts the skin moisture retention ability, making the skin 

soft and increases the skin resistance to environmental factors [165, 166]. Due to the high 

content of the unsaturated fatty acids in the BCO it is susceptible to oxidation during storage 

[167]. BCO was purchased from Henry Lamotte GmbH (Bremen, Germany). 

 
Table 2-1: Approximate fatty acids content in black currant seed oil [168]. 
 

Fatty acid Carbon chain length Degree of unsaturation % (w/w) 

Palmitic acid C16 0 6.0 

Stearic acid C18 0 1.5 

Oleic acid C18 1, n=9 11.0 

Linoleic acid C18 2, n=6 46.0 

alpha-Linolenic acid C18 3, n=3 14.0 

gamma-Linolenic acid C18 3, n=6 14.0 

Stearidonic acid C18 4, n=3 3.0 

others   4.5 

 

2.1.6 Retinol 

Retinol (Afaxin) is a fat soluble, unsaturated isoprenoid. It is the animal form of Vitamin A, 

which is important in vision, veins epithelial cells differentiation and bone growth. It belongs 

to the family of chemical compounds known as retinoids [169]. 

 

 
Figure 2-3: The chemical structure of retinol. 
 

Retinol is ingested in a precursor form, the animal sources like eggs and liver containing 

retinyl esters, while plants like carrots and spinach contain pro-vitamin A carotenoids. 

Hydrolysis of retinyl esters gives retinol while pro-vitamin A carotenoids can be cleaved to 

produce retinal [170]. Retinal, also known as retinaldehyde, can be reversibly reduced to 

produce retinol or it can be irreversibly oxidized to produce retinoic acid. Retinol is an active 

ingredient in many cosmetic skin care products. It is active against ageing and skin damage 
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caused by UV radiation. Retinol accelerates mitosis, increases enzyme activity and normalizes 

keratinisation. Hence, it enhances the barriers function, increases the water uptake and skin 

elasticity [171, 172]. Because of the five conjugated double bonds, retinol is not stable and 

susceptible to oxidation and isomerization [173]. 

In this work two market products of retinol were used. Retinol 15 D, which is a 15% retinol 

solution in medium chain triglycerides (caprylic/capric triglycerides) produced by the 

company BASF AG (Ludwigshafen, Germany) and Retinol 50 C, which is a 50% retinol 

solution in polysorbate 20 produced by the same company. 

2.1.7 UV blockers 

Also know as sunscreens, sun blockers or UV blockers. These materials help to protect the 

skin from the ultraviolet radiation of the sun and reduce sunburn and other skin damages, with 

the goal of lowering the risk of skin cancer. Sunscreen products contain either an organic 

chemical compound that absorbs UV light (e.g. avobenzone) or an opaque material that 

reflects light, which is also called inorganic or physical UV blocker (e.g. titanium dioxide), or 

a combination of both [174]. 

2.1.7.1 Avobenzone (BMBM) 

It is also known as Parsol 1789 or butyl methoxydibenzoylmethane (BMBM), molecular 

formula C20H22O3. Parsol 1789 is a market product of Roche Vitamins (Basel, Switzerland). 

 
Figure 2-4: The chemical structure of Avobenzone (BMBM). 
 

It is a compound used in sunscreens to absorb the full spectrum of the UV-A radiation 

(maximum absorption at 357 nm). Its ability to absorb ultraviolet light over a wider range of 

wavelengths better than many organic sunscreen agents has led to its use in many commercial 

preparations marketed as "broad spectrum" sunscreens. It is a lipophilic compound and has a 

melting point between 81-86ºC. It is a yellowish white powder with faint aromatic smell. It 

has been approved by FDA in 1988 to be used in sun protection products up to 3%. 
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Avobenzone has been shown to degrade significantly in light, resulting in less protection over 

time [175-178]. 

2.1.7.2 Titanium Dioxide (TiO2) 

Titanium dioxide is the naturally occurring oxide of Titanium, the chemical formula is TiO2. 

It is used in many applications like paints, sunscreens and food coloring. Titanium dioxide is 

one of the most widely used pigments because of its brightness and very high refractive index 

(n=2.7). In personal care products it protects against the whole range of UV radiation through 

reflection, scattering and absorption [179]. TiO2 is considered to be save but the penetration 

of the ultrafine TiO2 particles are till now questionable [180, 181]. TiO2 might decrease the 

activity of the organic UV blockers when they are present in one formulation by facilitating 

photodegradation [182]. 

In this work different nanonized TiO2 (UV-TITAN) from the company Kemira (Finland) 

were used (Table 2-2). 

 
Table 2-2: The nanosized TiO2 pigments. 
 
UV-TITAN Surface coat Specific surface area 

(m2/g) 

Size (nm) Hydrophobicity 

M160 alumina, stearic acid 70 17 hydrophobic 

M170 alumina, silicone 80 14 very hydrophobic 

M195 Silica, silicon 50 14 very hydrophobic 

 

2.1.8 Perfumes 

CA: 

It is the natural green apple fragrance provided by the company PharmaSol (Berlin, 

Germany). 

CT: 

It is the natural lemon fragrance provided by the company Quest PharmaSol (Berlin, 

Germany). 

Kenzo: 

It is a mixture of volatile oils provided by the company Kimex (Seoul, South Korea). 

2.1.9 β-carotene 

The term carotene is used for several related substances having the formula C40H56. Carotene 

is an orange photosynthetic pigment important for photosynthesis in plants. It is responsible 
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for the orange color of the carrot and many other fruits and vegetables. It contributes to 

photosynthesis by transmitting the light energy it absorbs to chlorophyll. Chemically, carotene 

is a terpene, synthesized biochemically from eight isoprene units [183]. As hydrocarbons, 

carotenes are fat-soluble and insoluble in water. β-carotene is composed of two retinyl groups, 

and is broken down in the mucosa of the small intestine to retinal, a form of vitamin A. 

Carotene can be stored in the liver and converted to vitamin A as needed, thus making it a 

provitamin. 

 

 
Figure 2-5: The chemical structure of β-carotene. 

 

The β-carotene used in this work was a 10% (w/w) β-carotene solution dissolved in sunflower 

oil, Lucarotin 10 Sun, which is a product of BASF AG (Ludwigshafen, Germany). β-carotene 

loses its yellowish color upon exposure to UV radiation. β-carotene is easily degraded by 

photo-irradiation, this is because of the hydroxylation of carotenes and esterification of 

xanthophylls [184, 185]. Exposure to UV radiation causes decomposition of the β-carotene 

chromophore and hence, bleaching occurs i.e. loss of color due to breaking of the 

chromophore [183, 186, 187]. 

2.1.10 Water 

The water used in all experiments was purified water by reverse osmosis and was obtained 

from a Milli Q Plus, Millipore system (Schwalbach, Germany). The water had an electrical 

conductivity of 0.5-1.5 µS/cm. 
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2.2 Methods 

2.2.1 Lipid screening 

Prior to the production of an NLC formulation a lipid screening should be performed to 

determine the most suitable lipid for the active ingredient to be incorporated in the NLC. This 

is performed by dissolving increasing amounts of the active ingredient in various melted solid 

lipids and determining the maximum amount of the active that could be dissolved in each 

lipid. After dissolution, the lipid/active mixtures are cooled down to room temperature for 

solidification. The solid mixtures are visually observed for the presence or absence of 

crystalline active (when this ingredient is a solid substance at room temperature). If the active 

ingredient is oil, the miscibility of the two materials (melted lipid and oil) is observed. After 

cooling down the mixture to room temperature the lipid will solidify again and the 

incorporation of the oil in the solid lipid matrix is investigated. This can be performed by 

smearing a piece of the solid mixture on a filter paper and observing if there are any oil spots 

on the filter paper. Calorimetric analysis can be performed on the solid solutions obtained 

using differential scanning calorimeter (DSC). These analyses will detect any presence of 

crystalline active (i.e. undissolved active) and also can show if there is an unincorporated part 

of active ingredient in the lipid matrix (i.e. oil). 

2.2.2 Production of the nanoparticles 

2.2.2.1 High pressure homogenisation 

Homogenization is a fluid mechanical process that involves the subdivision of droplets or 

particles into micro- or nanosize to create a stable emulsion or dispersion. Homogenization is 

a very common processing step in the food and dairy industries. It improves product stability, 

shelf life, digestion and taste [188, 189]. Homogenization can also significantly reduce the 

amount of additives (e.g. stabilizer) needed in a product. In the cosmetic industry 

homogenization is essential for the quality and stability of the products and their texture (skin 

feeling). The bioavailability of the pharmaceutical products can be enhanced by 

homogenization, also the tolerance of some drugs can be improved [190-192]. Moreover, high 

pressure homogenization has some advantages over other size-reducing processes (e.g. ball 

milling). It is considered to be a superior process from an economical and product quality 

prospects. The contamination of the products caused by the personnel or coming from the 
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machine (machine parts wearing) is reduced [193]. Also the exposure to thermal stress and 

microbiological contamination is clearly less due to the shorter production times. 

There are two types of high pressure homogenizers available on the market, the jet-stream 

homogenizers e.g. Mircofluidizer (Microfluidics, Newton, USA), and the piston-gap 

homogenizers e.g. Micron LAB 40 (APV Deutschland GmbH, Unna, Germany). 

2.2.2.2 Operation principle of piston-gap high pressure homogenizer 

The process occurs in a special homogenizing valve, the design of which is the heart of the 

homogenizing equipment. Figure 2-6 and Figure 2-7 help to understand its mode of operation 

and to explain the homogenization process in a piston-gap homogenizer. 

 

 
 

Figure 2-6: A 3-dimensional drawing showing the principle of the high pressure homogenization. The 
cross-section narrowing of the tubes (A2<A1) results in a decrease in the static pressure (P2<P1) and an 
increase in the streaming velocity (v2>v1). 
 
 

 

 

 

 

Figure 2-7: The geometry of the homogenization 
valve (valve and valve seat) and the resulted 
homogenization gap between them. 

 
 

The fluid passes through a small gap in the homogenizing valve. This creates conditions of 

high turbulence, cavitation and shear, combined with compression, acceleration, pressure drop 

and impact. This causes particles disintegration or droplets fine-dispersion throughout the 

valve seat 

valve 

homogenization 
gap, height h  

A1 A2P1 P2
v1 v2

 40



  Chapter 2: Materials and methods 

dispersion medium. After homogenization, the particles (or droplets) are of a uniform size, 

typically from 0.1 to 5 micron, depending on the homogenized material properties, the 

operating pressure and the number of homogenization cycles. The actual properties of the 

product vary with pressure and product type in a complex relationship. In general, higher 

processing pressure produces smaller particles, down to a certain limit of micronization or 

nanonization [191, 194, 195]. 

 

Under the consideration that the fluid to be homogenized has a laminar streaming of an ideal 

liquid, and at continuous conditions, the operation principle can be mathematically described 

by the Bernoulli equation which shows that the sum of static pressure in the flow plus the 

dynamic pressure is equal to a constant throughout the flow (total pressure of the flow). 

From the continuity equation: 

 

2211 vAvA =  

where A is the cross-section area of the tubes and v is the streaming velocity. 

By applying the Bernoulli equation: 
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where: P1 and P2 are the static pressure, ρ is the density, v1 and v2 are the streaming velocity 

and K is the constant pressure of the flow. 

 

Explaining the homogenization operation in more details, during the process the suspension 

(or the emulsion) is contained in a compartment and it will be pushed through the narrow 

homogenisation gap (around 3 μm). This will dramatically increase the streaming velocity and 

therefore the dynamic pressure. Simultaneously, the static pressure decreases and falls below 

the vapour pressure of the dispersion medium (normally water) at room temperature. This 

makes the water boil and gas bubbles will form, which implode when the liquid leaves the gap 

and the pressure suffers an abrupt decrease (cavitation). The implosion of the gas bubbles 

cause shock waves which originate the diminution of particles or droplets. It is understood 

that the formation of bubbles and the turbulences resulting of them (i.e. shear forces) are a 

decisive factor for the reduction in particle size [196]. 
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Form what previously mentioned it can be concluded that many factors affect the 

homogenization process in a piston-gap homogenizer at a given homogenization pressure. 

The geometry of the homogenization valve plays a crucial role in the homogenization process 

as it determines the streaming velocity of the product to be homogenized during the 

homogenization process (Figure 2-7). 

The homogenization gap size is adjusted automatically according to the required 

homogenization pressure. If the product to be homogenized is of a high viscosity, the required 

pressure is reached with a larger homogenization gap size. When the gape size is larger the 

streaming velocity in the gape becomes lower and hence the homogenization efficacy 

decreases. In other words, preparations with higher viscosity are harder to be homogenized. 

The influence of the temperature on the homogenization efficacy can also be attributed to the 

viscosity change. Usually the viscosity of the dispersion medium decreases when the 

temperature increases. Also, at higher temperatures, the dispersion medium (water) will reach 

the boiling point at lower pressure and hence, the consequent cavitation occurs easier and 

therefore, the homogenization efficacy is higher. 
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2.2.2.3 Preparation of nanoemulsions 

Nanoemulsions are o/w emulsions which consist of a lipid phase (oil), a surfactant and an 

aqueous phase (water). These nanoemulsions can be prepared at RT, but to maintain the same 

production conditions for all preparations (as for NLC) they were prepared at higher 

temperatures (80-90ºC). The lipid (oil) phase and the aqueous surfactant solution were heated 

up to about 80ºC, and the active substance (if any) was dissolved in the hot oil phase which is 

subsequently dispersed by a high speed stirrer at 8000 rpm for 20-30 sec in the hot aqueous 

surfactant solution. The obtained pre-emulsion is homogenized in a high pressure 

homogenizer applying a pressure of 800 bar and two homogenization cycles yielding a hot 

o/w nanoemulsion. The obtained product was filled in silanized glass vials, which were 

immediately sealed. A thermostated water bath adjusted to 15ºC has been used as cooling 

system to control the rate of cooling of the obtained product. 

2.2.2.4 Preparation of aqueous NLC dispersions 

Lipid nanoparticles with solid particle matrix are derived from o/w emulsions by replacing the 

liquid lipid (oil) by a solid lipid at room temperature. The first generation of solid lipid 

nanoparticles (SLN) was developed at the beginning of the nineties [45]. They were produced 

from a solid lipid only. In the second generation technology the nanostructured lipid carriers 

(NLC) are produced by using a blend of solid and liquid lipids, this blend is solid at room 

temperature [46]. The production process is identical for both particles SLN and NLC. The 

solid lipid or lipid blend is melted at 5-10ºC above the melting point of the solid lipid, the 

active substance is dissolved in the melted lipid phase, which is subsequently dispersed by a 

high speed stirrer at 8000 rpm for 20-30 sec in the aqueous surfactant solution previously 

heated up to the same temperature. The obtained pre-emulsion is homogenized in a high 

pressure homogenizer applying a pressure of 800 bar and two homogenization cycles (unless 

otherwise mentioned) yielding a hot o/w nanoemulsion. The obtained product was filled 

immediately in silanized glass vials and the vials were sealed properly. The obtained samples 

were cooled down to room temperature in a thermostated water bath adjusted to 15ºC. After 

cooling down the emulsion droplets crystallize forming lipid nanoparticles with solid particle 

matrix, depending on the lipids used either SLN or NLC are obtained [196]. 
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2.2.2.5 Machines used in NLC production 

I. Ultra-Turrax T25 

The machine is produced by the company Janke & Kunkel GmbH (Staufen, Germany). It is a 

high-speed stirrer with different sizes of homogenization heads. Head size B was used to 

prepare the hot pre-emulsions. 

 

II. Micron LAB 40 

It is the laboratory scale homogenizer produced by the company APV Deutschland GmbH 

(Unna, Germany). In the standard design of the machine the homogenization operation is 

performed discontinuously with a maximum batch size of 40 ml. The pre-emulsion or the 

dispersion will be pushed out of the sample container by a plunger through the 

homogenization gap to the product container. This process is called “homogenization cycle”. 

To make many homogenization cycles the sample must be transferred again into the sample 

container and the same process must be performed again. Although this procedure might be a 

disadvantage (tedious work) but the fact that the product can be very well controlled (number 

of cycles for each partition) makes the machine optimal for product development and study. 

The machine has also good homogenization efficacy and reproducibility. 

2.2.3 Characterization of particles 

Several techniques were employed in this work to determine the particle size of the 

preparations. These techniques were direct measurements (microscopy) and indirect 

measurements (laser diffractometry and photon correlation spectroscopy). 

2.2.3.1 Imaging analysis 

The major advantage that microscopic techniques have over most of the other methods used 

for size analysis is that the particle size itself is measured, rather than some property which is 

dependent on particle size. In other words, microscopic technique is a direct measurement and 

do not depend on any other factors that might influence the measurements (e.g. temperature, 

refractive index, etc.). In this work both light and electron microscopy have been used. 

2.2.3.1.1 Light microscopy 
The size of a particle which can be detected by microscopy is limited by the diffraction of the 

light used to form the image. The resolution of a microscope is calculated approximately as 

the wavelength of the light divided by the numerical aperture of the microscope objective. All 

substances, which are transparent when they are examined by microscope that has crossed 
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polarizing filters, are either isotropic or anisotropic [197]. Amorphous substances, such as 

supercooled melts and non-crystalline solid organic compounds, or substances with cubic 

crystal lattices, are isotropic materials, having one refractive index. On the other hand, 

anisotropic materials have more than one refractive index and appear bright with brilliant 

colors (birefringence) against a black polarized background. The interference colors depend 

upon the thickness of the crystal and the differences are either uniaxial, having two refractive 

indices or biaxial, having three principal refractive indices. Most materials are biaxial 

corresponding to either, an orthorhombic, a monoclinic or a triclinic crystal system. 

The light microscope used in this work was an Orthoplan Leitz (Wetzlar, Germany) and the 

magnifications used were 160x, 400x, 630x and 1000x (1000x with immersion oil). The 

microscope was attached to a camera CMEX 3200, Euromex (Arnhem, Netherlands). The use 

of polarized light enables the imaging of crystals if any. General overview of the particles 

prepared was obtained in terms of particle size and presence of aggregations or 

agglomerations as well as crystals formation (both solid lipids and loaded drug if existed). 

Light microscopy is an important procedure to know if the relatively larger particles detected 

by laser diffractometry (LD) technique are really particles or agglomerates of nanosized 

particles. 

2.2.3.1.2 Scanning electron microscopy (SEM) 
This technique was used to investigate the shape of the particles prepared and to assess the 

particle size of these particles. Aqueous NLC dispersions were applied and spread on a 

sample holder (thin carbon film). The samples were placed inside of the vacuum column of 

the microscope and the air was pumped out of the chamber. An electron gun placed at the top 

of the column emits a beam of high energy primary electrons. The beam of the electrons 

passes through the lenses which concentrates the electrons to a fine spot and scan across the 

specimen row by row. As the focused electron beam hits a spot on the sample, secondary 

electrons are emitted by the specimen through ionization. A detector counts these secondary 

electrons. The electrons are collected by a laterally placed collector and these signals are sent 

to an amplifier. The particles (NLC) have been observed with a scanning electron microscope 

S-4000, Hitachi High Technologies Europe GmbH (Krefeld, Germany) using secondary 

electron imaging at 5-20 kV. SEM studies have been performed together with Mr. Gernert at 

the Zentraleinrichtung Elektronenmikroskopie (ZELMI) at the Technische Universität Berlin. 

The samples were spread on carbon slides and left to dry for 30 min before placing them in 

the microscope chamber for analysis. 
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2.2.3.2 Energy dispersive X-ray spectroscopy (EDX) 

EDX is an analytical technique used predominantly for the elemental analysis or chemical 

characterization of a sample. Being a type of spectroscopy, it relies on the investigation of a 

sample through interactions between the electromagnetic radiation and the matter, analyzing 

X-rays emitted by the matter in this particular case. Its characterization capability is mainly 

due to the fundamental principle that each element of the periodic table has a unique atomic 

structure. This allows the x-rays, which are characteristic of the atomic structure of the 

element, to be uniquely distinguished from each other. EDX systems are most commonly 

found on scanning electron microscopes. In this work the EDX system or the X-ray analyzer 

sam X (Saint Laurent du Var, France), which was installed on the scanning electron 

microscope S-4000, was used. 

2.2.3.3 Laser Diffractometry (LD) 

Laser diffractometry (LD) is a technique used for the determination of particle size in the 

range of 10 nm to 2000 μm [198]. It is based on the phenomenon that particles scatter light in 

all directions. The laser light is diffracted by the particle surface in a pattern depending on the 

particle size. Simply, the diffraction angle is small for a large particle, as its surface is less 

curved, while for a small particle, with a more curved surface, the diffraction angle is larger. 

Figure 2-8 shows the simplified principle of the operation of a laser diffractometer. 

 
Figure 2-8: The laser diff-
ractometer schematic assemb-
ly showing its operation prin-
ciple. The diffraction angles 
caused by the particles are 
characteristic for each one. 
The diffraction angle is small 
for large particles and large 
for small particles (modified 
after [199]). 
1- laser 
2- lenses system 
3- measuring cell with particles 
4- Fourier lenses (a- high angle, 

b- low and middle angle) 
5- detector (a- high angle, b- low 

and middle angle). 

5a 

4a 

3 
2 

1 

4b
5b 
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All LD instruments assume that the particles have spherical shapes. Moreover, the laser 

diffraction technique cannot distinguish between scattering by single particles and scattering 

by clusters of particles forming aggregates or agglomerates. 

In this work the instrument Coulter® LS 230, Beckman-Coulter Electronics (Krefeld, 

Germany) was used. This instrument has a laser wavelength of 750 nm as a light source. An 

optical system conducts the laser beam towards the particles in the measuring cell (Figure 

2-8), were it will reach the particles to be absorbed, refracted or diffracted. At a certain 

distance a Fourier lens will project the patterns of the moving particles in the measuring cell 

on the multi-element detector. The simultaneous presence of particles with different sizes 

leads to diffraction patterns, which are the superposition of the patterns specific for each size. 

This pattern can be mathematically resolved to yield a volume distribution of the particles. 

Formerly, instruments used scattering angles smaller than 14°, which limited the application 

of these instruments to a lower minimal size of about 1 μm. The reason for this limitation is 

that smaller particles show most of their distinctive scattering at larger angles and the 

intensity of the scattered light is below the detection limits. Many new instruments (including 

the Coulter LS 230) measure at larger scattering angles, usually from 60 to 146 degrees. This 

will make it possible to measure small particles down to about 0.01 μm and bigger particles 

up to 2000 μm. This is based on the Polarization Intensity Differential Scattering technology 

(PIDS). This complements the detection system, which allows, with high resolution, the 

detection of particles below 1 μm. In PIDS technology, a light beam (of intensity I) with 

several wavelengths (from typically a tungsten-halogen lamp) is polarized in either vertical 

(V) or horizontal (H) directions passing the sample. The detected scattering intensities IV and 

IH at a given angle will be different. The difference between the IV and the IH is termed the 

PIDS signal. The scattered light is detected by detectors located at a wide angular range (60-

146 degrees) [200, 201]. 

The volume distribution can be calculated applying the Fraunhofer theory or the Mie theory, 

depending on the characteristics of the sample. This means, for the data analysis of particles 

bigger than 4 μm, the Fraunhofer theory is applicable [202], while for particles smaller than 4 

μm the Mie theory must be used for calculations. However, in contrast to the Fraunhofer 

theory, the Mie model takes into account the real and the imaginary refractive indices of the 

particles. The real refractive index corresponds to the refraction properties and the imaginary 

refractive index represents the absorption. A completely transparent material would have an 

imaginary refractive index of zero. Alternatively, a coloured material would have both a real 

refractive index (describing its refractive properties) and an imaginary refractive index 
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(describing its absorbing properties). Both of these indices influence the light scattering. 

Unfortunately, data on the complex refractive index of many substances is difficult to find in 

the literature, since it has only been investigated in detail for a small number of well 

characterized materials [199]. Concerning lipid nanoparticles, the real part was considered to 

be 1.456 and the imaginary part was 0.01 [203]. 

LD data were evaluated using the volume distribution diameters d50%, d90%, d95% and 

d99%. For example, a diameter 95% (d95%) value of 1 μm indicates that 95% of the particles 

possess a diameter below 1 μm. Each sample was measured three times consecutively. 
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2.2.3.4 Photon Correlation Spectroscopy (PCS) 

Photon correlation spectroscopy (PCS) is a technique used to determine the mean particle size 

diameter (mean PCS diameter) and the width of the particle size distribution expressed as 

polydispersity index (PI) [199, 204-206]. The measurement using PCS is based on the light 

scattering phenomena in which the statistical intensity fluctuations of the scattered light from 

the particles in the measuring cell are measured. These fluctuations are due to the random 

movement of the particles in the dispersion medium because of the Brownian motion of the 

dispersion medium molecules (e.g. water). The measuring range of PCS is approximately 

from 3 nm to approximately 3 μm. 

Usually a PCS device consists of a laser light which is focused to illuminate a small volume 

of the sample, which is a dilute suspension of particles. The light scattered from these 

particles is collected again by a lens and its intensity is measured by a photomultiplier. The 

diffusion rate of the particles depends on their size (at a known fluid viscosity and 

temperature). Hence, the size of these particles can be calculated from the rate of fluctuation 

of the scattered light intensity. The lower particle size limit for a measurement is determined 

by the scattering intensity and the experimental noise. When the suspended particles are 

small, they diffuse relatively fast, and the fluctuations in the scattered light are rapid. On the 

other hand, if the particles are large, they move slowly, and the fluctuations in the scattered 

light are slow. The detected intensity signals are used to calculate the auto-correlation 

function G(τ), from the decay of this correlation function the diffusion coefficient D of the 

particles is obtained. Once the diffusion coefficient is known, the equivalent diffusional 

spherical diameter can be calculated applying the Stokes-Einstein equation, which relates the 

diffusion coefficient D of a spherical particle to its diameter r: 

 

D
kTr
πρ3

=  

 

where ρ is the viscosity of the surrounding medium, k is Boltzmann’s constant, T is the 

absolute temperature. 

 

The apparatus consists of a laser, a temperature controlled sample cell and a photomultiplier 

for the detection of the scattered light at a certain angle (e.g. 90º or 173º) [204]. The 

photomultiplier (or photodiode in the new apparatus) signal is transferred to a correlator for 
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calculation of the G(τ). This G(τ) is after that sent to a microprocessor for the calculation of D 

and the correlated mean particle size. 

As it was previously mentioned, small particles diffuse faster than large ones causing a 

stronger fluctuation in the scattering signal and a more rapid decaying G(τ). For a 

monodisperse particle population G(τ) is a single exponential, but if more than one size of 

particles is present the function is polyexponential. Deviation from a single exponential is 

used to calculate the PI, which is a measure of the width of the size distribution. The PI is 0.0 

when a monodisperse particles population is measured. PI values of around 0.10-0.20 indicate 

a relatively narrow distribution, values of 0.5 and higher are obtained in case of very broad 

distributions. 

In this work, a Zetasizer Nano ZS, Malvern Instruments (Malvern, UK) was used to measure 

the particles produced. The instrument was equipped with a laser beam (λ=633 nm). The 

scattered light detector is positioned at an angle of 173° (Figure 2-9). This detection angle is 

known as the backscatter detection and it has the advantages of improved sensitivity and 

possibility of measuring a wide range of sample concentrations [207]. The measuring range of 

this device is between 0.6 nm to 6 µm. Samples were diluted with bidistilled water to an 

appropriate concentration. The average particle size diameter and PI are given from 30 runs. 

 

 

 

 

 
Figure 2-9: Schematic assembly 
of the Zetasizer Nano ZS device 
(modified after [207]). 
1- laser 

2- focusing lens 

3- cuvette 

4- detector 

 

 

3

2

 4 
1 

 50



  Chapter 2: Materials and methods 

2.2.3.5 Zeta potential (ZP) 

Zeta potential is the electric potential of a particle in a suspension. It is a parameter which is 

very useful for the assessment of the physical stability of colloidal dispersions [208-211]. In 

suspensions the surfaces of particles develop a charge due to ionization of surface groups or 

adsorption of ions. This charge depends on both the surface chemistry of the particles and the 

media around these particles. The surface charge generates a potential around the particle, 

which is at the highest near the surface and decays with distance into the medium (Figure 

2-10). When the particle is placed in an electric field, it will move with a characteristic 

velocity v. The velocity of the particle per unit electric field strength is called the 

electrophoretic mobility, which is expressed in micrometers per second per volt per 

centimeter (μm/s)/(V/cm). The particle velocity v can be then expressed in relation to the 

electrical field strength E as electrophoretic mobility μ using the following equation: 

 

E
v

=μ  

 

As the particle moves in the medium due to the electric field it carries an ionic environment 

with it, which extends a small distance into the solvent. The spherical surface separating the 

moving particle, ions and solvent from the stationary surroundings is called the surface of 

hydrodynamic shear. The electrophoretic mobility is determined by the potential at this 

surface, which is the zeta potential (ζ). The zeta potential can be determined from the 

electrophoretic mobility using the Helmholtz-Smoluchowski equation, which is applied to 

large particles in a diluted electrolytes solution: 

 

E
v

ηε
ξ =  

 

where η is the viscosity of the dispersion medium and ε the permittivity of the environment 

(the dielectric constant). 

 

In an aqueous medium of low electrolytes concentration the potential does not change rapidly 

with distance into the solvent. Therefore, the zeta potential is usually equated with the 

potential at the stern layer (the Stern Potential). The zeta potential is proportional to the 
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Nernst potential of the particle surface. For this reason, it is used to characterize the surface 

charge of the particles. 

 

 
 
Figure 2-10: Schematic representation of the electric double layer model. Ψ0 is the Nernst potential, Ψi is 
the potential of inner Helmholtz layer, Ψδ is the Stern potential, δ is the thickness of the diffuse layer, ζ is 
the zeta potential at the surface of shear and d is the distance from the particle surface (modified after 
[204]). 
 

The adsorbed monolayer of the ions at the surface of the particles consists of fixed, 

dehydrated and in most cases negatively charged ions (inner Helmholtz layer). These negative 

ions increase the surface potential (Nernst potential, Ψ0) to the potential of the inner 

Helmholtz layer (Ψi). The second monolayer (outer Helmholtz layer) consists of fixed but 

hydrated positive ions reducing the potential to the potential of the Stern plane (Ψδ). Moving 

out to the dispersion medium through the diffuse layer the potential drops towards zero. 

During the movement of the particle a part of the diffuse layer will be sheared off to reveal a 

potential at the shear plane. This potential is called the zeta potential (ζ or ZP) and it is an 

indirect measurement of the surface charge because its magnitude depends on the Nernst 

potential. 

The zeta potential can be measured by determining the velocity of the particles in an electrical 

field (electrophoresis measurement) [211]. 
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The zeta potential measurements were performed using a Malvern Zetasizer Nano ZS, 

Malvern Instruments (Malvern, UK). Adjusting the conductivity of the distilled water used for 

diluting the samples avoids the fluctuations of the zeta potential due to variations in 

conductivity. The samples were either diluted with bidistilled water adjusted to a conductivity 

of 50 μS/cm using a 0.9% (w/v) NaCl solution or with a solution of the surfactant which was 

used in the formulation (having the same concentration as in the formulation). The pH was 

between 6.0 and 7.0. The average of the zeta potential is given from 30 runs. 
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2.2.4 Thermal analysis 

As the International Confederation of Thermal Analysis and Calorimetry (ICTAC) defines the 

thermal analysis, it is “a group of techniques in which a physical property of a substance is 

measured as a function of temperature whilst the substance is subjected to a controlled 

temperature program”. In this work differential scanning calorimetry (DSC) analysis was 

employed to characterize the particles which were produced. 

2.2.4.1 Differential scanning calorimetry (DSC) analysis 

DSC is usually used to get information about both the physical and the energetic properties of 

a compound or formulation. DSC measures the heat loss or gain as a result of physical or 

chemical changes within a sample as a function of the temperature. There are 2 types of DSC 

instruments, the power compensate DSC and the heat-flux DSC [212]. 

The power compensate DSC consists of 2 separate ovens while the heat-flux DSC consists of 

one oven that heat up both the reference and the sample pans (Figure 2-11). Heat is 

transferred through the disc (where the sample and the reference pans are placed) and through 

the sample pan to the contained sample and reference. The differential heat flow is monitored, 

as well as the sample temperature. Software linearization of the cell calibration is used to 

maintain calorimetric sensitivity. The cell has a volume of 2 ml and can be used with various 

inert atmospheres, as well as oxidizing and reducing atmospheres. Different sample pans 

(hermetic, open or sealed) allow sample volumes of 0.04 ml to 0.1 ml, which can be up to 100 

mg depending on sample density. 

 

 
Figure 2-11: The 2 DSC types, the power compensate DSC (left) and the heat-flux DSC (right) [213]. 
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Examples of endothermic (heat-absorbing) processes are fusion (melting), boiling, 

sublimation, vaporization, desolvation and solid-solid transitions. An important exothermic, 

(energy is liberated) process is crystallization. Qualitative measurements of these processes 

have many applications, such as materials identification, study of purity, polymorphism, 

solvation, degradation quantitative and qualitative analysis, aging, glass transition temperature 

and compatibility of substances. 

DSC analysis has been used to determine the state and the degree of crystallinity of lipid 

dispersions, semi-solid systems, polymers and liposomes. It allows the study of the melting 

and crystallization behavior of crystalline material like lipid nanoparticles [214-217]. DSC 

analysis is useful to understand solid dispersions like solid solutions, simple eutectic mixtures 

or, as in the case of NLC, drug and lipid interactions and the mixtures of solid lipids and 

liquid lipids (oils). In general, a melting point depression is observed when transforming the 

bulk lipid to a particulate form in the nanometer range. This melting point depression is 

described by the Gibbs-Thomson equation which is derived from the Kelvin equation: 

 

Hr
V

T
T s

Δ
−=⎟⎟

⎠

⎞
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⎝

⎛ γ2ln
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where T represents the melting point of the particle, and it is always smaller than the melting 

point of the bulk material T0. The molar volume of the substance is characterized by Vs, r is 

the radius of the particle, ΔH is the molar melting enthalpy and γ is the interfacial energy at 

the solid lipid interface. For characterizing crystal forms, ΔH can be obtained from the area 

under the DSC curve of the melting thermogram. 

Melting point depression might occur also when a second compound is dissolved in the lipid 

matrix, such as surfactant molecules, oils or active compounds (drugs). Therefore, drug-

loaded NLC will show a melting point depression in case of a molecularly dispersed drug is 

present. In order to compare the crystallinity between the developed formulations a useful 

parameter is the recrystallization index (RI). RI is defined as the percentage of the lipid matrix 

that has recrystallized during storage time. The RI can be calculated according to the 

following equation [214]. 
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where ΔHNLC is the melting enthalpy of 1 g NLC suspension, ΔHbulk is the melting enthalpy of 

1 g bulk lipid. ΔH is given in J/g and the concentration is given by the percentage of lipid 

phase. 

 

The DSC measurements have been performed using a Mettler DSC 821e, Mettler Toledo 

(Gieβen, Germany). An accurately weighed amount of aqueous dispersion having 

approximately 1-2 mg of solid lipid has been placed in 40 μl aluminium pans and analyzed. 

DSC scans have been performed from 25ºC to 90ºC and back to 25ºC at a heating rate of 5 

K/min (if not otherwise specified), using an empty pan as reference. Melting points (melting 

peak maximum) and melting enthalpies were determined if existed. 

2.2.5 High performance liquid chromatography (HPLC) analysis 

HPLC technique is a suitable and accurate way to determine the content of a substance and/or 

its chemical stability. In this work HPLC was used to determine the concentration and the 

chemical stability of coenzyme Q10 and retinol in their formulations. 

The HPLC system used is from the company Kontron. It consists of an autosampler model 

560, a pump system model 525 and a diode array detector model 540 Kontron Instruments 

(Groß-Zimmern, Germany). The system was linked to a KromaSystem 2000 v. 1.70 data 

acquisition and process system, which also controls the HPLC modules. Each formulation to 

be analyzed was weight twice and each weighed sample was measured in duplicate. 
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2.2.5.1 HPLC analysis method of Coenzyme Q10 

In the literature there are many HPLC methods to determine the coenzyme Q10 [218, 219]. In 

this work a modified method by Dingler was used [117, 220]. The method specifications are 

listed below (Table 2-3). 

 
Table 2-3: Coenzyme Q 10 HPLC analysis method specifications. 

 

specification details 
column Betasil C 8, 5µm, 125x4mm, with pre-column 
mobile phase acetonitrile:THF   90:10 v/v 
flow 1.5 ml/min 
injection 20µl 
wave length 280nm 
retention time 8 min at room temperature 
measurement time 11 min at room temperature 
calibration curve reggretion r2 ≥ 0.99 
calibration curve range 10 to 100 μg/mL 
sample preparation ≅100 mg of the sample was dissolved in 10 ml acetone, placed for 5 min in 

ultrasound bath and centrifuged 
samples number per formulation n=2 
sample repetetion each sample was measured in duplicate 
 

2.2.5.2 HPLC analysis method of Retinol 

In this work the HPLC analysis method for the determination of the retinol concentration in 

NLC, nanoemulsions and creams was taken from the work performed by Jenning [130]. The 

method specifications are listed below (Table 2-4). 

 
Table 2-4: Retinol HPLC analysis method specifications. 

 

specification details 
column Lichrospher 60 RP select B 5µm, 250x4mm, with pre-column 
mobile phase acetonitril/aqua bidest   80:20 v/v + 1 ml ortho-phosphoric acid/L 
flow 1.0 ml/min 
injection 20µl 
wave length 325nm 
retention time 4 min at room temperature 
measurement time 10 min at room temperature 
calibration curve reggretion r2 ≥ 0.99 
calibration curve range 10 to 100 μg/mL 
Sample preparation ≅50 mg of the sample was dissolved in 10 ml acetone, placed for 5 min in 

ultrasound bath and centrifuged 
samples number per formulation n=2 
sample repetetion each sample was measured in duplicate 
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2.2.6  Oxidative stress test 

This test was designed and performed to demonstrate the stabilizing effect of the NLC against 

peroxidation of black currant seed oil. 125g of both the NLC suspension and an o/w 

nanoemulsion as reference were kept in closed 1000ml dark glass flasks. The samples were 

exposed to permanent agitation at 20°C and 45°C over a period of 8 weeks. The flasks were 

filled with fresh oxygen every day after taking a sample for the analysis. The oxidation 

induced by the oxygen in the headspace of the flasks was determined daily by measuring the 

peroxide value of the black currant seed oil. The peroxide value was determined according to 

the Wheeler method. Each formulation was filled in 3 flasks, and each sample was assessed in 

triplicate (n=3). 

2.2.7 Peroxide value according to Wheeler 

According to DGF Standard Method C-VI 6a [221]: 

Purpose and field of application 

The peroxide value is a measurement for the amount of peroxide-bound oxygen, especially 

hydroperoxides, in a fat or oil. In addition to other analytical methods it helps to determine the 

degree of oxidation. This method can be applied to all oils, fats and fatty acids. It is worthy to 

mention that the results obtained from different methods are not comparable. 

Definition 

The peroxide value indicates the number of millimoles of oxygen contained in one kilogram 

of sample that oxidizes potassium iodide under the conditions provided by this method. The 

peroxide value is indicated as mmol O2 per kilogram or milliequivalents (mEq) O2 per 

kilogram. 

Principle of the method 

The sample is added to a mixture of glacial acetic acid and isooctane and then allowed to react 

with potassium iodide. The iodine released is determined by titration using sodium thiosulfate 

solution. End point is determined visually (iodometrically). 

Reagents 

Acetic acid (glacial), 96% w/w (R: 10-35; S: 2-23-36); isooctane, purest; glacial acetic 

acid/isooctane mixture, 60 ml / 40 ml v/v; potassium iodide; potassium iodide solution, 

saturated, freshly prepared; sodium thiosulfate standard solution, c = 0.01 mol/l (0.01 N); 

starch solution, approx. 1 g/100 ml, freshly prepared. 
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Equipment 

250 ml Erlenmeyer, NS 29, with stopper; Metrohm titrator; 1 ml volumetric pipette (or 

dispenser); 50 ml graduated cylinder; analytical balance. 

Preparation of Sample 

Mix samples without warming and inclusion of air if possible. Avoid direct sunlight. 

Carefully heat solid samples to approx. 10°C above their melting point. Samples containing 

visible impurities must be filtered (filtration to be recorded in protocol). 

Procedure 

Conduct tests in diffuse daylight or artificial light. Avoid direct sunlight. Make sure all 

glassware is free of oxidizing or reducing substances. Introduce exactly 5 g of sample 

(accuracy: ± 0.1 mg) into the thoroughly cleaned Erlenmeyer. Dissolve sample in 50 ml of 

glacial acetic acid/ isooctane mixture with turning upside down. Using a pipette, add 0.5 ml of 

saturated potassium iodide solution, close the Erlenmeyer and shake vigorously for exactly 60 

seconds (stopwatch!). Immediately add 30 ml of water and turn upside down. Titrate released 

iodine immediately with 0.1 N thiosulfate standard solution until yellow color appears, then 

add 0.5 ml of starch solution to titrate from violet/ purple to colorless. Titration is complete as 

soon as solution remains colorless for 30 seconds. Simultaneously, conduct blank test without 

using more than 0.1 ml of 0.01 N thiosulfate solution. 

Result of determination 

Use the following formula to calculate the peroxide value (POV) in mmol O2/kg: 

 

POV = (a-b) x M x 1000 2 x·Q 

 

where: a is the consumption (ml) of sodium thiosulfate standard solution in main test, b is the 

consumption (ml) of sodium thiosulfate standard solution in blank test, M is the molarity of 

the sodium thiosulfate standard solution and Q is the quantity of the sample used. 
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2.2.8 Membrane-free release model 

A release test model was developed to allow the relative (not absolute) comparison of 

perfume release from the different formulations e.g. o/w nanoemulsion and perfume-loaded 

NLC [222]. The test model consists of 2 phases, an aqueous phase (NLC dispersions or 

nanoemulsions) and an oil phase on the top of the aqueous phase as an acceptor medium. This 

release test model allows to determine the release profile of perfumes from their carrier 

systems independently of membranes, which is the case in the normal use of perfumes. Here 

the diffusion of the perfumes from the formulation to the acceptor medium (Miglyol 812) was 

observed. 10 ml of Miglyol 812 were placed on top of 5 ml aqueous phase (NLC dispersions 

or nanoemulsions) (Figure 2-12). Saturation of the perfume in the acceptor medium was not 

allowed to be reached. The two phases were put in a closed vial and kept in a temperature 

controlled shaking chamber at 70 shakes/ min and 32ºC, Innova 4230, New Brunswick 

Scientific (New Jersey, USA). The concentrations of the perfumes have been assessed at 

defined time intervals by withdrawing 1 ml from the acceptor medium and analysing it using 

a spectrophotometer, UV-1700 PharmaSpec, Shimadzu Deutschland GmbH (Duisburg, 

Germany), at a proper wave length (λ max of the perfume). 1 ml of Miglyol 812 was added to 

the acceptor medium to substitute the withdrawn volume. 

 
 

oil phase of acceptor 
medium Miglyol® 812

perfume loaded nanoemulsion or 
perfume loaded NLC-suspension 

 
Figure 2-12: The membrane-free release model. 
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2.2.9 Panel’s nose test 

Materials 

 Tap water 

 Square towel (27cmX27cm) 

 Conventional perfumed fabric softener 

 NLC fabric softener 

 Cyclodextrin-perfume complex fabric softener. 

Preparation of Sample 

Each fabric softener was dissolved in tap water (6 ml to 1 Litter). 

4 pieces of non-perfumed towel were hand-agitated in one of the beakers containing one of 

the fabric softener formulations for 10 min. 

The towels were then individually hanged and wrung, removing as much water as possible. 

The towels were graded according to the odor impact using the below 1 to 5 scale (Table 2-5) 

after definite time intervals (3, 6, 12, 48, 72 hrs). 

 
Table 2-5: Odor grading for strength was done by a panel of six people, using the following scale. 

 

grade Odor impact 

1 No Perfume odor detected 

2 Faint perfume odor detected 

3 Definite perfume odor detected 

4 Strong perfume odor detected 

5 Very strong perfume odor detected 

 

2.2.10 Solid phase microextraction (SPME) 

SPME is a solvent free sample extraction technology that is fast, economical, and versatile. 

SPME is a fiber coated with a solid (sorbent), a liquid (polymer) or a combination of both. 

The fiber coating removes the compounds from the sample to be tested by absorption (liquid 

coatings) or adsorbtion (solid coatings). The SPME fiber is then inserted directly into the gas 

chromatograph for desorption and analysis. SPME is used in many applications including 

flavors and fragrances, toxicology, environmental and biological matrices, and product testing 

[223-225]. 

 61



  Chapter 2: Materials and methods 

In this work samples were taken from the towels after treatment with the different fabric 

softeners (c.f. 2.2.9) and were analyzed for the presence of the different components of the 

perfume used. Samples were taken in triplicate from each towel. 

2.2.11 UV blocking properties and UV protection determination 

Three in vitro methods were used to determine the UV blocking properties of the formulations 

prepared for UV radiation protection. 

2.2.11.1 UV spectral absorption 

A UV spectral absorption of the aqueous dispersions (NLC, nanoemulsion) was performed 

using a spectrophotometer UV-1700 PharmaSpec, Shimadzu Deutschland GmbH (Duisburg, 

Germany). Before measuring, the formulations were diluted in the same rate and the wave 

length from 400-200 nm was scanned. To obtain valid results avoiding the size effect on UV 

scattering, samples of similar particle sizes were always measured. 

2.2.11.2 UV blocking activity (β-carotene to asses UV protection) 

This method has been developed in the working group of Prof. Müller. The principle of this 

method is that β-carotene loses its yellowish color upon exposure to UV radiation. β-carotene 

is easily degraded by photo-irradiation, this is because of the hydroxylation of carotenes and 

esterification of xanthophylls [184, 185]. Exposure to UV radiation causes decomposition of 

the β-carotene chromophore and hence bleaching occurs, i.e. loss of color due to breaking of 

the chromophore [183, 186, 187]. 

A 2.0 mg/ml Miglyol 812 solution of β-carotene was prepared using Lucarotin 10 Sun, BASF 

AG (Ludwigshafen, Germany), which is a 10% (w/w) β-carotene in sunflower oil. Quartz 

Petri dishes of 4.5 cm diameter were filled with 5.0 ml of this solution. Each Petri dish was 

covered with 0.3 g evenly spread layer of one of the formulations to be tested for their UV 

blocking activity. The most cited factor that influences the UV transmission during in vitro 

measurements is the nonhomogeneity of the residual film formed after the sunscreen 

application. The film thickness homogeneity is influenced by the amount of the sunscreen 

applied and by the way of spreading the film over the substrate of skin surface [226-228]. 

Therefore, special care was taken while applying the formulations on the dishes covers. The 

Petri dishes were placed inside the artificial sunlight chamber Suntest, Heraeus GmbH 

(Hanus, Germany) and were irradiated with a radiation intensity of about 830 W/m2 (between 

300 and 830 nm) for a period of time (60-120 min) till the concentration of β-carotene in the 

Petri dishes of one of the formulations (usually the placebo) is around zero. The exposure 
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time may differ from one set of formulations to another according to their UV blocking 

activity. 

The concentration of the β-carotene solution in each Petri dish was assessed 

spectrophotometrically using a UV-1700 PharmaSpec, Shimadzu Deutschland GmbH 

(Duisburg, Germany) after definite times of exposure (e.g. 15, 30, 45 min). The higher the UV 

blocking activity of a formulation, the higher is the β-carotene concentration of the solution in 

the Petri dish covered with this formulation. Figure 2-13 shows the design of this method. 

 

 
 

Figure 2-13: The design of the β-carotene method: The Petri dish is filled with β-carotene solution and 
covered with 0.3g of the formulation to be tested. 
 

preparation 
0.3 g 

artificial sun light 

quartz glass cover 

β-carotene solution 
(2.0mg/ml) 
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2.3 Data presentation and statistical treatment in figures and tables 

The data points in figures correspond to the average (mean) value of n repetitions of the 

experiment. The error bars stand for the corresponding standard deviations (SD). Data given 

in tables and in the text are average (mean) values of n repetitions ± SD thereof. 
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The size and physical stability of an NLC formulation depends beside the composition (lipid 

phase concentration, surfactant type, surfactant concentration) on the production parameters, 

e.g. pre-emulsion quality, production temperature, homogenization pressure, number of 

homogenization cycles and cooling rate [2, 229-232]. The following experiments were 

performed to determine the optimal production parameters and conditions. A placebo NLC 

formulation containing 10% (w/w) lipid phase was used in these experiments. Table 3-1 

shows the composition of this placebo NLC formulation. 

 
Table 3-1: The composition of the NLC formulation. 
 

Composition % (w/w) 

Apifil 8.0% 

Mygliol 812 2.0% 

TegoCare 450 2.0% 

water 88.0% 

 

The melting point of Apifil is between 59°C and 70°C. Therefore, the production temperature 

was adjusted to 85°C (5-15°C above the solid lipid melting point) for all the batches produced 

in this study. The lipid and aqueous phases were heated up to 85°C and they were pre-

homogenized using a high speed stirrer (Ultra-Turrax) at 8000 rpm for 30 sec. 

The homogenization tower was heated to 90°C using a water jacket. Controlling the 

production temperature is very crucial because it affects the viscosity of the emulsion during 

the homogenization process. Increasing the temperature usually decreases the viscosity of the 

lipid and aqueous phases and hence the efficiency of the homogenization is increased. In other 

words, increasing the homogenization temperature results in smaller droplet/particle size 

[233, 234]. 
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3.1 Effect of cooling rate after homogenization 

The NLC formulation (Table 3-1) was produced three times using the same homogenization 

conditions (90°C, 800 bar, 2 homogenization cycles). After homogenization the three batches 

were cooled down at different cooling rates. The first sample was placed in a 5°C water bath 

while the second was placed in a 15°C water bath and the third was left on the bench to cool 

down at room temperature. Figure 3-1 and Figure 3-2 show the particle size measured by LD 

and PCS of these samples at day 0 and after one month. 

It can be concluded that the cooling rate does not influence the particle size of the NLC or 

their physical stability. To have a controlled cooling rate for all the NLC formulations after 

homogenization, the cooling down step was performed always using a 15°C water bath. 
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Figure 3-1: Day 0 PCS and LD particle size of the NLC samples cooled down at different temperatures 
(n=3). 
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Figure 3-2: One month PCS and LD particle size of the NLC formulations cooled down at different 
temperatures (n=3). 

 68



  Chapter 3: Production optimization of NLC 

3.2 Effect of increasing homogenization cycles and pressure 

Maintaining all other variables constant, the NLC formulation (Table 3-1) has been 

homogenized at two different homogenization pressures (800 bar and 500 bar) and the 

number of homogenization cycles was 1, 2, 3 or 4 cycles. 

At 800 bar the difference in particle size of the NLC after the 2nd homogenization cycle was 

neglectable. At 500 bar the 4th homogenization cycle resulted in a slight reduction of particle 

size when compared to the particle size after the 3rd homogenization cycle. Moreover, the 

particle size of the batch homogenized at 800 bar and with 2 homogenization cycles was 

similar to the particle size of the batch homogenized at 500 bar and 3 cycles (Figure 3-3). To 

reach a balance between the efficacy and economy of the homogenization process, 2 cycles at 

800 bar were chosen to be the homogenization parameters. 
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Figure 3-3: Day 0 PCS and LD particle size of the NLC formulations homogenized at different pressure 
and with increasing homogenization cycles (n=3). 
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3.3 Effect of adding the surfactant to the lipid or aqueous phase 

During the production of NLC the surfactant can be dispersed in the aqueous phase or the 

melted lipid phase. To determine the best procedure two batches of the NLC formulation were 

produced under the same conditions. In the first batch the surfactant (TegoCare 450) was 

added to the aqueous phase and in the second batch it was added to the lipid phase. The 

particle size analysis showed that there is no difference between these two batches (Figure 

3-4). Due to the TegoCare 450 nature (lipid) and the recommendation of the producer 

(Goldschmidt AG) it was added to the lipid phase while producing NLC formulations 

stabilized with it. The NLC formulations stabilized with Tween 80, PlantaCare 2000 or 

Miranol ultra 32 were produced by adding the surfactant to the aqueous phase. 
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Figure 3-4: Day 0 PCS and LD particle size of the NLC formulations prepared by adding TegoCare 450 
surfactant to the lipid phase or the aqueous phase (n=3). 
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3.4 Effect of increasing surfactant concentration 

Maintaining all the production conditions the same, the NLC formulation was prepared using 

increasing concentration of TegoCare 450 and the particle size of the different batches was 

measured using PCS and LD on the production day and after one month (the following five 

figures). The zeta potential was also determined (Figure 3-10). 

 

The formulation containing 1% (w/w) TegoCare 450 showed an increase in the d99% after 

one month indicating insufficient stabilization of the particles (Figure 3-8 and Figure 3-9). 

Increasing the TegoCare 450 concentration above 2% (w/w) did not cause a big reduction in 

particle size (Figure 3-5 and Figure 3-7). Moreover, the formulation containing 2% (w/w) was 

stable and particle growth did not occur after one month. On the other hand, the higher 

surfactant concentrations (above 2% (w/w)) led to foam formation during the homogenization 

process. This might cause loss of the sample, inaccuracy of the suspension contents and 

incomplete filling of the sample cylinder of the homogenizer because of the volume taken by 

the foam. Therefore, 2% (w/w) TegoCare 450 was found to be sufficient to produce a stable 

NLC suspension with 10% (w/w) lipid phase content. 
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Figure 3-5: Day 0 PCS particle size of the NLC formulations with an increased surfactant concentration 
(n=3). 
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Figure 3-6: Day 0 and one month PCS particle size of the NLC formulations with an increased surfactant 
concentration (n=3). 
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Figure 3-7: Day 0 LD particle size of the NLC formulations with an increased surfactant concentration 
(n=3). 
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Figure 3-8: One month LD particle size of the NLC formulations with an increased surfactant 
concentration (n=3). 
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Figure 3-9: Day 0 and one month LD particle size of the NLC formulations with an increased surfactant 
concentration (n=3). 
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Regarding zeta potential, increasing the TegoCare 450 concentration led to an increase in the 

absolute value of the zeta potential (Figure 3-10). Chemically TegoCare 450 is a stearyl 

glucoside (polyglyceryl-3 methyl-glucose distearate). It is a nonionic surfactant but the OH 

groups of the sugar part in its molecule have a negative charge when it is in water. Therefore, 

the surface of the particles stabilized with this surfactant will have a negative zeta potential. 

This explains the increasing of the zeta potential value when the concentration of the 

surfactant is increased. Due to the steric stabilization of TegoCare 450 a value of -24.3 (2% 

(w/w) TegoCare 450 concentration) is considered to be sufficient to obtain a suspension with 

high physical stability [210]. 
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Figure 3-10: Day 0 zeta potential analysis of the NLC formulations with an increased surfactant 
concentration measured in water with adjusted conductivity (50 µS/cm) (n=3). 
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3.5 Conclusion 

From this study the production conditions were decided to be 2 homogenization cycles and 

800 bar homogenization pressure unless otherwise was required. The surfactant should be 

added to the aqueous phase unless otherwise was recommended. Increasing the surfactant 

concentration led to a decrease in the particle size but more than 2% did not cause a further 

decrease in the particle size. Moreover, excessive amount of surfactant led to foam formation 

during homogenization. Therefore, an optimal surfactant concentration should be determined. 

The cooling down step of the formulations after homogenization is to be performed using a 

15°C water bath. 
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4.1 Introduction 

Many actives used in the pharmaceutical and cosmetic industries are chemically labile and 

difficult to stabilize in the final product. It is known that the incorporation of chemically labile 

substances in colloidal carriers, such as liposomes and polymeric nanoparticles, can improve 

drug stability [59, 235]. Liposomes and o/w emulsions are frequently employed as carriers for 

cosmetic actives. However, they are limitedly able to protect chemically labile actives against 

degradation. Due to the liquid state of oil droplets in o/w emulsions, relatively fast 

partitioning of lipophilic actives between oil phase and water takes place [236]. The active is 

degraded in the water phase, re-partitions into the oil phase and being replaced in the water 

phase by non-degraded active diffusing from the oil into the water phase (Figure 4-1, left). 

With liposomes, the lipophilic actives are localised in the phospholipids bilayer. These actives 

can also partition to the water phase. Hydrophilic actives dissolved in the water core of the 

liposomes are in exchange with the external water phase. This exchange can be slowed down 

(but not completely stopped) by increasing the viscosity of the phospholipid bilayers using 

some materials like cholesterol (Figure 4-1, middle). Mathematically the diffusion coefficient 

D is reversely proportional to the viscosity η of the medium (law by Einstein-Stokes): 

 

r
kTD
πη6

=  

where k is Blotzmann constant, T is the absolute temperature and r is the size/radius of the 

molecule or particle. 

Moreover, liposomes are susceptible to hydrolysis and oxidation due to the contents of 

unsaturated fatty acids and ester bonds in their phospholipid bilayers [237]. This limits the 

long-term stability of liposomes. In contrast to this, a carrier in the solid state leads to a slow 

exchange between the solid particle phase and the external water phase, e. g. as in the case of 

polymeric nanoparticles or microparticles [59]. The same is valid for the NLC (Figure 4-1, 

right). Therefore, an optimized NLC formula can be a successful carrier system which 

provides the desired stability, as already previously documented in the literature [119]. 
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Figure 4-1: Exchange phenomena between the lipophilic oil phase of emulsions (left), and the lipophilic 
bilayers and aqueous core of liposomes (middle) with the surrounding water phase, and subsequent 
degradation taking place in the water phase. In case of a solid particle matrix (e. g. polymeric particles, 
lipid nanoparticles with solid matrix) these exchange phenomena and degradation are practically 
eliminated or at least distinctly slowed down/minimised (right) (modified after [238]). 
 

4.2 Coenzyme Q 10 (Q10) and Black Currant seed Oil (BCO) loaded NLC  

Coenzyme Q 10 (Q10) is sensitive to light and heat and will decompose when it is exposed to 

these conditions [162, 164, 239]. Oxidation of Q10 might also occur in personal care products 

[117]. 

Many trials to stabilize Q10 by incorporating it into liposomes [240], nanoliposomes [241], 

poly (lactic-co-glycolic acid) PLGA nanopartilces [242] and polyelectrolyte-fatty acid 

complex nanoparticles [243] were performed. Also Q10-loaded lipid nanoparticles were 

prepared and then lyophilizing to achieve higher stability [244]. Westesen et al. prepared Q10 

nanoparticles by emulsifying the molten Q10 in an aqueous phase. The colloidal dispersion of 

the Q10 remains in the state of a supercooled melt and hence it is considered to be an o/w 

emulsion not a suspension [245]. Bunjes et al. incorporated Q10 into solid lipid nanoparticles 

and studied the structure and the physical stability of these particles [105]. 

In cosmetics Q10 is used as antioxidant in the skin care products [160]. Some studies suggest 

that Q10 in dermal products may provide enhanced protection against inflammation and 

premature aging caused by sun exposure [161]. But the penetration of Q10 into the skin is 

dubious. Principles of novel drug delivery systems need to be applied to significantly improve 

the performance of Q10. Recently, coupling agents, inclusion complexes (Lycopene and β-

cyclodextrin), liposomes, microparticle and nanoparticle systems have been explored for the 

delivery of Q10 either for oral or dermal administration [246]. Teeranachaideekul et al. 

incorporated Q10 in NLC and studied the physicochemical properties of the system and 

performed an in vitro release study for the Q10 incorporated in the nanoparticles. Pardeike 

and Müller investigated the skin penetration of Q10 from an NLC and from a reference 

emulsion and paraffin. They found that there is an increase in Q10 penetration when the NLC 
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is applied [247]. NLC seems to be the optimal delivery system for Q10 having the advantages 

of stabilization and of skin penetration enhancement. 

Black currant seed oil (BCO) contains polyunsaturated fatty acids, which makes it susceptible 

to oxidation [167, 248]. In this chapter Q10 and BCO were incorporated together in NLC to 

protect them from oxidation. 

4.2.1 Production of Q10 and BCO loaded NLC 

The NLC formulation to be produced is intended to be used in cosmetic products for dermal 

application. The nanoparticles should stay solid after applying to the skin, i.e. the melting 

temperature of the nanoparticles must be above 32ºC (skin temperature). Oil incorporation 

lowers the crystallisation and the melting temperature of the lipid particles matrix [48]. The 

high oil content (BCO) in the lipid phase makes the production of the lipid nanoparticles, 

which are solid at 32ºC, a challenge. Therefore, it was necessary to find a lipid that can still 

form a solid matrix at 32ºC with the high BCO load and in which the Q10 can be 

incorporated. 

4.2.1.1 Investigation of lipid/BCO mixtures 

15 high melting point lipids were selected and each lipid was mixed with BCO in three 

different ratios, namely: 60:40, 40:60 and 20:80 lipid to BCO. The miscibility of the melted 

lipid with BCO and the physical appearance of the mixture after cooling down were observed. 

Table 4-1 shows the results of this screening. 
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Table 4-1: The physical appearance of the lipid/BCO mixtures of different ratios at 32ºC. All melted lipids 
were miscible with the BCO at 90ºC. (- means no mixture was prepared and tested). 
 

 Physical appearance at 32ºC 

Lipid                                         Lipid:BCO ratio                                    _ 

 60:40 40:60 20:80 
Apifil solid solid soft 
Atowax solid solid soft 
Biogapress vegeta solid solid soft 
Compritol ATO888 solid soft - 
Compritol HD 5 ATO solid soft - 
Dynasan116 solid solid soft 
Dynasan118 solid solid solid 
Imwitor 900 soft - - 
Lanette 18 solid soft - 
Lanette O soft - - 
Precifac ATO soft - - 
Precifac ATO 5 soft - - 
Hydrine soft - - 
Softisan 154 solid solid soft 
carnauba wax solid solid solid 

 
The lipids which formed soft mixtures at 32ºC with the first two ratios (60:40 or 40:60) were 

not mixed with the BCO at the other ratios (40:60 or 20:80). Carnauba wax and Dynasan 118 

were chosen based on this primary screening, i.e. these lipids mixtures were solid at 32ºC 

with the highest BCO content (20:80 lipid:BCO). These mixtures were further investigated by 

running DSC analysis to determine the exact melting point (melting peak maximum) of the 

mixture and the melting enthalpy and recrystallization index (RI) of the lipid. The RI was 

calculated applying the following equation. 

 

100(%) ×
×Δ
Δ

=
lipidbulk

mixture

ionConcentratH
H

RI  

 

where ΔHmixutre is the melting enthalpy of 1 g lipid/BCO mixture, ΔHbulk is the melting 

enthalpy of 1 g bulk solid lipid. ΔH is given in J/g and the concentration is given by the 

percentage of solid lipid. 

 

Figure 4-2 shows the DSC diagrams of the bulk carnauba wax and the mixtures of carnauba 

wax/BCO with lipid:BCO ratios 40:60 and 20:80. As the BCO ratio increased the melting 

point of the mixture decreased from 80.5ºC to 77.7ºC. The RI decrease was 12% indicating a 

homogenous lipid/BCO matrix with a high BCO incorporation capacity. 

Figure 4-3 shows the DSC diagrams of the bulk Dynasan 118 and the mixtures of Dynasan 

118/BCO with lipid:BCO ratios 40:60 and 20:80. As the BCO ratio increased, the melting 
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point of the mixture decreased from 68.1ºC to 63.3ºC. The RI decrease was 13% indicating a 

homogenous lipid/BCO matrix with a high BCO incorporation capacity. 

 

2.7

 
Figure 4-2: The thermogram of the bulk carnauba wax (upper curve) and the mixtures of carnauba wax/ 
BCO with the lipid:BCO ratios 40:60 and 20:80 (middle and lower curves, respectively). By increasing the 
BCO ratio a depression in melting point and melting enthalpy occurred. 
 

 
Figure 4-3: The thermogram of the bulk Dynasan 118 (upper curve) and the mixtures of Dynasan 118/ 
BCO with the lipid:BCO ratios 40:60 and 20:80 (middle and lower curves, respectively). By increasing the 
BCO ratio a depression in melting point and melting enthalpy occurred. 
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The melting enthalpy, melting point and RI of carnauba wax, Dynasan 118 and their mixtures 

are shown in Table 4-2. A decrease in the melting enthalpy and RI of the lipid in the 

lipid/BCO solid mixture by increasing the BCO part indicates good incorporation of the BCO 

in the solid lipid matrix. 

 
Table 4-2: The DSC analysis of lipid/BCO mixtures with two different lipid:BCO ratios. The 
measurements were performed after 1 day of preparing the mixtures. 
 

Lipid Lipid:BCO ratio Onset ºC Melting point ºC Enthalpy J/g RI% 
 100:0 82.8 85.0 175 100 

carnauba wax 40:60 76.9 80.5 76.5 77 
 20:80 71.8 77.7 38.4 65 
 100:0 71.7 72.7 201.0 100 

Dynasan 118 40:60 64.6 68.1 94.2 79 
 20:80 59.6 63.3 39.8 66 

 
The two lipid:BCO ratios 40:60 and 20:80 were chosen for the produced of the NLC. 

Although the matrix with the ratio 20:80 lipid:BCO was solid at 32ºC, it has been thought that 

a lower amount of the BCO in the matrix might provide an increased chemical stability to the 

BCO because it will be more enclosed inside the lipid particles. Therefore, the ratio 40:60 

lipid:BCO was produced in parallel to the 20:80 one. 
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4.2.1.2 Optimization of the BCO-loaded NLC formulation 

After selecting the lipids to be used for the production of the NLC, trials have been performed 

to optimize the formula. Different homogenization pressures were applied and the effect of an 

increasing number of homogenization cycles was investigated. The two solid lipids carnauba 

wax and Dynasan 118 were used as well as the two surfactants PlantaCare 2000 and Inutec 

SP1. The concentration of the lipid matrix was also optimized. According to the achieved 

results the necessary modifications on the formulation have been made and a new trial was 

performed. 

4.2.1.2.1 Homogenization pressure and number of homogenization cycles 

After fixing all other parameters (lipid phase concentration, lipid:BCO ratio and surfactant 

concentration), the homogenization pressure has been increased from 500 bar to 1000 bar and 

the number of homogenization cycles was either 1, 2 or 3 cycles. To perform this experiment 

the lipid phase concentration was decided to be 45% (w/w). The carnauba wax:BCO ratio was 

40:60. PlantaCare 2000 was selected as surfactant and its concentration was 5% (w/w). The 

particle size measurements achieved after the different homogenization pressures and cycles 

are listed in Table 4-3. 

Comparing the particle sizes after one cycle, a homogenization pressure higher than 800 bar 

(1000 bar) did not give much smaller particles. Moreover, two cycles at 800 bar did not give 

much smaller particles than one cycle at the same homogenization pressure either. Three 

cycles at 500 bar were a time consuming and costly procedure. To reach a balance between 

the efficacy and economy of the homogenization process, one cycle and 800 bar 

homogenization pressure were chosen to be the homogenization parameters. 

 
Table 4-3: PCS mean particle size of carnauba wax NLC suspensions at different homogenization 
pressures and cycles (Lipid phase 45% (w/w), carnauba wax:BCO ratio 40:60, PlantaCare 2000 5% 
(w/w)). 
 

  Homogenization conditions_ 

Pressure Number of cycles 
PCS mean particle 

size (nm) 
PI 

 
500 bar 

1 
2 
3 

540 ±25 
294 ±10 
260 ±9 

0.45 
0.25 
0.19 

 

800 bar 
1 
2 

279 ±8 
253 ±4 

0.14 
0.09 

1000 bar 1 265 ±15 0.29 
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4.2.1.2.2 Lipid and lipid phase concentration 

For economical and practical reasons the NLC suspension should contain as much lipid 

particles as possible. That means a high lipid phase concentration (mixture of solid lipid and 

BCO). On the other hand the NLC suspension should be physically stable. It means no 

significant growth in the particle size occurs and the suspension does not gel or solidify 

during the shelf life. 

Samples with lipid phase concentration of 60% (w/w) and higher (using both PlantaCare 2000 

and Inutec SP1) became highly viscous after production. These samples became solid after 

one week storage at room temperature. Samples containing 50% (w/w) lipid phase and 

produced using Dynasan 118 and PlantaCare 2000 or Inutec SP1 showed aggregations after 

adding the preservative system (2-phenylethanol and dehydroacetic acid sodium salt). 

Samples containing 50% (w/w) lipid phase and produced using carnauba wax and PlantaCare 

2000 or Inutec SP1 maintained the same particle size after adding the preservatives mixture 

for 6 months. Therefore, carnauba wax was the solid lipid of choice and Dynasan 118 was 

excluded from further studies. The final lipid phase concentration was decided to be 45% to 

definitely avoid any instability on long-time storage. 

4.2.1.2.3 Carnauba wax:BCO ratio 

The aim was to have a high content of BCO in the lipid phase while maintaining the melting 

point of the particles above 32ºC and the chemical stability of the BCO. The BCO in the 

sample with the higher oil content (carnauba wax:BCO 20:80) was more susceptible to 

oxidation in the “oxidative stress test” (see chapter 2) than in the sample with the lower oil 

content (carnauba wax:BCO 40:60) (Table 4-4). Therefore, the ratio 40:60 was selected for 

further developments. 

 
Table 4-4: The oxidative stress test results after 11 days for the two BCO-loaded NLC formulations with 
carnauba wax:BCO ratios 40:60 and 20:80 (PlantaCare 2000 as surfactant). The sample with the lower 
BCO content (carnauba wax:BCO 40:60) had a lower peroxide number value (n=3). 
 

Carnauba wax:BCO ratio Peroxide number (mmol O2/kg) 
40:60 73±1.1 
20:80 115±0.8 
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4.2.1.2.4 Surfactant and its concentration 

The two surfactants PlantaCare 2000 and Inutec SP1 were investigated. These surfactants are 

accepted in personal care products. The optimal concentration of these two surfactants has 

been determined for a 45% (w/w) lipid phase NLC (carnauba wax:BCO ratio 40:60). The 

NLC formulations were prepared using different concentrations of the two surfactants and the 

PCS particle size was measured (Figure 4-4, Figure 4-5). Increasing the PlantaCare 2000 

concentration above 5% (w/w) did not cause any further reduction in particle size. Also 

increasing the Inutec SP1 concentration above 4% (w/w) did not cause any reduction in 

particle size. An undesired thin lipid film on the surface of the NLC suspension could be seen 

after production when the NLC are stabilized with Inutec SP1. This film did not appear when 

PlantaCare 2000 was used. Therefore, PlantaCare 2000 was chosen to be the surfactant of 

choice, using the concentration of 5% (w/w) for the 45% (w/w) lipid phase. 
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Figure 4-4: PCS particle size and PI of the NLC formulations produced using PlantaCare 2000 at 
different concentrations (lipid phase 45% (w/w), carnauba wax:BCO 60:40). No change in the particle size 
above 5% (w/w) PlantaCare 2000 was observed. 
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Figure 4-5: PCS particle size and PI of NLC formulations produced using Inutec SP1 at different 
concentrations (lipid phase 45% (w/w), carnauba wax:BCO 60:40). No change in the particle size above 
4% (w/w) Inutec SP1 was observed. 
 

4.2.2 Physical stability of the Q10 and BCO loaded NLC 

After adjusting the production parameters and the composition of the BCO-loaded NLC, Q 10 

was successfully added to the formula. Due to the high lipophilicity of the Q10 it could be 

easily dissolved in the lipid phase during production. The 27% (w/w) BCO in the total 

formula were reduced to 25% (w/w) and Q10 was instead added (2% (w/w) to the total 

formula). For the physical stability study the so called “master formula” was produced and 

stored at four different temperatures (4°C, RT, 40°C and 50°C). The composition of the 

master formula is shown in Table 4-5. 

 
Table 4-5: The composition of the “master formula” of the Q10 and BCO loaded NLC. 
 

Composition % (w/w) 
carnauba wax 18 
BCO 25 
coenzyme Q 10 2 
PlantaCare 2000 5 
water 50 
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4.2.2.1 Particle size analysis by PCS and LD 

The particle size analysis results for the samples stored at the four different temperatures on 

day 0 and after 14 days, 1, 3, 9 and 13 months are depicted in Figure 4-6 and Figure 4-7. 
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Figure 4-6: The PCS particle size of the Q10 and BCO loaded NLC (master formula) at day 0 and after 14 
days, 1, 3, 9 and 13 months at 4ºC, RT, 40ºC and 50ºC. 
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Figure 4-7: The LD99% particle size of the Q10 and BCO loaded NLC (master formula) at day 0 and 
after 14 days, 1, 3, 9 and 13 months at 4ºC, RT, 40ºC and 50ºC. 
 

No or very little change in the particle size after 13 months could be recorded at the three 

lower storage temperatures. An increase in particle size was measured for the sample stored at 

50°C after 9 months. The high temperature condition led to particle aggregation. The formula 

is considered to be physically stable according to the cosmetic industry requirements where 

the stability is monitored for only one month when the sample is stored at 45ºC [249, 250]. 
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4.2.2.2 Zeta potential analysis 

The analysis of the zeta potential, which is the electric potential at the plan of shear, is a 

useful tool to predict the physical stability of colloidal systems. Nanoparticles representing a 

high zeta potential value indicate good physical stability [210]. The zeta potential of the 

master formula after production was -55.0 mV ± 0.9 indicating good physical stability since 

particles aggregation was not likely to occur due to the electrostatic repulsion between the 

particles. The surfactant PlantaCare 2000 is a nonionic surfactant and the chain length of the 

decyl glucoside provides a steric hindrance that gives additional particle stabilization. The 

zeta potential values of the samples stored at the four different storage temperatures have been 

measured after one and 13 months (Table 4-6). 

 
Table 4-6: The zeta potential values after 1 and 13 months of the “master formula” samples stored at 4ºC, 
RT, 40ºC and 50ºC. 
 

Storage temperature 1 month 13 months 
4°C -56.0±2.1 -52.0±2.0 
RT -53.8±1.2 -53.0±2.0 

40°C -55.8±1.4 -56.7±2.0 
50°C -54.4±1.6 -48.7±0.3 

 

No change in the zeta potential values of the samples stored at 4°C, RT and 40°C occurred 

after one month or 13 months. There was a decrease in the zeta potential value of the sample 

stored at 50°C after 13 months indicating a change in the particles. This can be confirmed by 

the LD and PCS measurements where particle size growth was observed (Figure 4-6 and 

Figure 4-7). 
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4.2.3 Chemical stability of BCO and Q10 in the loaded NLC 

4.2.3.1 BCO stability: determination of the peroxide value 

The chemical stability of the BCO was determined by employing an “oxidative stress test” on 

different samples (the NLC master formula, an o/w reference emulsion and the BCO) and 

then measuring the peroxide number of the BCO (see chapter 2). The amount of BCO in all 

samples was the same. The lower the peroxide number is the higher is the protective ability of 

the system against the oxidation of BCO. The NLC master formula showed a higher 

protection against the oxidation of BCO than the reference emulsion, where the carnauba wax 

was substituted by Mygliol 812 (Figure 4-8). This is due to the solid matrix of the 

nanoparticles that hinders the oxygen from reaching to the BCO and oxidizing it. 
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Figure 4-8: The peroxide values of the NLC master formula, the reference emulsion and the BCO after 
employing the “oxidation stress test” for 8 weeks. The BCO in the NLC sample had lower peroxide 
number indicating higher protection against oxidation than in the reference emulsion (n=3). 
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4.2.3.2 Q10 stability 

The chemical stability of Q10 in the NLC master formula and a reference emulsion prepared 

by substituting the carnauba wax by Miglyol 812 has been assessed by HPLC analysis. Figure 

4-9 depicts the percentage of Q10 recovered from the NLC during one year of storage at four 

different storage temperatures. Those values have been determined against a calibration curve. 

During storage, the amount of Q10 recovered has decreased. 75% of the incorporated Q10 has 

been measured in the NLC samples stored at 40°C after 12 weeks, and about 80% Q10 after 

one year in the samples stored at RT. 

 

 
Figure 4-9: Remaining % age Q10 in the NLC master formula and in the reference emulsion at 4ºC, RT, 
40ºC and 50ºC storage temperature during one year (emulsion samples measurements were terminated 
after three months). The Q10 concentration in the NLC was 80% after one year in the sample stored at 
RT, and 75% at 40ºC after three months (n=4). 
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The remaining concentration of the Q10 in the reference emulsion was about 65% in the 

sample stored at 50°C after four weeks with a thin orange layer on the surface. The sample 

stored at 40°C had a Q10 remaining concentration of about 55% after three months. 

Moreover, a phase separation occurred in this sample after three months. Recrystallized Q10 

was observed on the vials walls of the reference emulsion at the lower storage temperatures 

(4°C and RT). This caused inhomogeneous distribution of the Q10 in the emulsion and 

therefore, the HPLC analysis of all reference emulsion samples was terminated after three 

months. The recrystallization of the Q10 on the vials walls can be explained by the fact that 

Q10 can freely move from the oil droplets to the aqueous phase and hence precipitate on the 

container wall. This phenomenon did not happen in the NLC system. Therefore, the NLC 

developed master formula is an optimal carrier system for the Q10. After one year storage at 

50°C the emulsions stabilized with Inutec SP 1 showed a change in color (dark brown) while 

the emulsions stabilized with PlantaCare 2000 were still orange (Figure 4-10). This can be a 

result of a chemical incompatibility between the Q10 and Inutec SP1. 

 

 
Figure 4-10: The reference emulsion samples after 1 year storage at 50°C. A change in the Q 10 color from 
orange to dark brown was observed in the sample stabilized using Inutec SP1 (the vial at the left). The 
sample stabilized using PlantaCare 2000 had a normal color (the vial at the right). 
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4.3 Retinol-loaded NLC  

Retinol is highly susceptible to oxidative and light degradation [130]. This high instability 

makes it hard to produce long-term stable products containing retinol (e.g. creams) due to the 

loss of activity. Many trials have been performed to stabilize retinol, e.g. incorporation in 

cyclodextrins [251], liposomes [173], SLN or NLC [130, 252] and adding lipophilic 

antioxidant to the SLN matrix [253]. In this work different NLC suspensions with higher 

retinol loading were produced. The physical stability of these suspensions as well as the 

chemical stability of the incorporated retinol were studied. 

4.3.1 Production of retinol-loaded NLC 

4.3.1.1 Retinol-loaded NLC based on Retinol 15 D 

Retinol was incorporated in NLC formulations using Retinol 15 D, which is a 15% (w/w) 

retinol solution in medium chain triglycerides (caprylic/capric triglycerides). Based on 

previous work [130, 252] these NLC formulations were produced from different lipids and 

stabilized by different surfactants. The concentration of the retinol in these formulations was 

0.5% (w/w) to the total formula, the composition is listed in Table 4-7. 

 
Table 4-7: The composition of the formulations containing 0.5% (w/w) retinol. The lipid was either 
Compritol 888, Elfacos C 26 or Imwitor 900, the surfactant either Tween 80, Inutec SP1 or Miranol 32. 
 

Composition % (w/w) 
lipid 10.0 
Mygliol 812 1.7 
Retinol 15 D 3.3 
surfactant 1.5 
water 83.5 

 
The NLC suspensions produced using Imwitor 900 were excluded from further investigations 

because of chemical instability (data not shown). Elfacos and Compritol NLCs were selected 

for further investigations whereby the concentration of the retinol in the formulation was 

increased to 0.75% and 1.0% (w/w). The compositions of these formulations are listed in next 

two tables. 

 
Table 4-8: The composition of the formulations containing 0.75% (w/w) retinol. The lipid was either 
Compritol 888 or Elfacos C 26, the surfactant either Tween 80, Inutec SP1 or Miranol 32. 
 

Composition % (w/w) 
lipid 10.0 
Retinol 15 D 5.0 
surfactant 1.5 
water 83.5 
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Table 4-9: The composition of the formulations containing 1.0% (w/w) retinol. The lipid was either 
Compritol 888 or Elfacos C 26, the surfactant either Tween 80 or Miranol 32. 
 

Composition % (w/w) 
lipid 10.0 
Retinol 15 D 6.7 
surfactant 1.5 
water 82.8 

 
During the NLC production the retinol (Retinol 15 D) was always added after melting the 

lipid to avoid the contact between retinol and air at high temperature for a longer time and 

hence the retinol oxidation. 

4.3.1.2 Retinol-loaded NLC based on Retinol 50 C 

In this part of the work retinol was incorporated in NLC formulations using Retinol 50 C, 

which is a 50% retinol solution in polysorbate 20. The retinol concentration was 3% (w/w) to 

the total formula and the solid lipid was carnauba wax. The detailed composition of these 

NLC formulations is listed in Table 4-10. 

 
Table 4-10: The composition of the formulations containing 3.0% (w/w) retinol in the total formula. 
 

Formula Composition % (w/w) 
carnauba wax 6.0 
Retinol 50 C 6.0 
Miranol 32 2.0 

 
 

Retinol C1 
water 86.0 

carnauba wax 12.0 
Retinol 50 C 6.0 
Miranol 32 2.0 

 
 

Retinol C2 

water 80.0 
 

4.3.2 Physical stability of the retinol-loaded NLC 

For the physical stability study all samples were stored at room temperature and at 40ºC. The 

particle size was measured using PCS and LD one day after production and up to nine 

months. The following nine figures show the particle size of the different formulations 

produced based on Retinol 15D. Remarkably the particle size of the higher retinol loading 

formulations (1.0% (w/w)) was smaller than the lower retinol loading ones (0.5% and 0.75% 

(w/w)). This might be due to the increase in the homogenization efficacy when the viscosity 

of the lipid phase is decreased, maintaining all homogenization conditions constant for all 

formulations (see chapter 2). This occurred when the amount of the liquid lipid (Mygliol 812 

as Retinol 15 D) was increased in the formulations of the higher retinol loading (1.0% (w/w)) 

and the amount of the solid lipid was maintained the same (see Table 4-7, Table 4-8 and 

Table 4-9). Although the total amount of the lipid phase in these formulations is more than the 
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total amount of the lipid phase in the formulations of the lower retinol loading (16.7 % and 

15.0% (w/w) respectively), but the ratio of the liquid lipid to the solid lipid is also higher. 

That means, each droplet of the lipid phase in the emulsion (the NLC during homogenization) 

contains a higher amount of Mygliol 812. That makes it less viscous and hence easier to 

homogenize [234]. 

The NLC formulations produced using carnauba wax had a particle size below 0.6 µm (Figure 

4-20). The formulation Retinol C1 contains only 6.0% (w/w) carnauba wax, while the 

formulation Retinol C2 contains 12% (w/w) carnauba wax, i.e. the total lipid phase is less in 

the first formulation. This makes it easier to homogenize in compare to the second 

formulation and hence, smaller particle size is obtained. 

The formulations with the highest retinol loading were physically the most stable, i.e. no 

remarkable change in particle size was recorded after nine months. This is due to the 

increased amount of the liquid lipid too. It inhibits the crystallization of the most stable, more 

ordered polymorph of the solid lipid and hence the aggregations and particle size growth 

[214]. 

Aggregations and increase in particle size were noticed in the formulations which were 

produced using Inutec SP1. This can be due to the insufficient stabilization achieved by using 

Inutec SP1 alone as surfactant. 

 

The zeta potential values were determined for the formulations based on Retinol 15 D one day 

after production and after nine months (Table 4-11). It can be noticed that the formulations 

stabilized by Miranol 32 had zeta potential values between -30 mV and -50 mV indicating 

good physical stability. The formulations stabilized by Tween 80 had lower zeta potential 

values (between -10 mV and -20 mV). Due to the steric stabilization of this surfactant, these 

zeta potential values are sufficient to stabilize the particles and prevent aggregation. The 

formulations stabilized by Inutec SP1 had relatively lower zeta potential values. After nine 

month a decrease in the zeta potential value could be noticed indicating changes in the 

particles structure (aggregation). 
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Table 4-11: The zeta potential values of the Retinol 15 C based formulations stored at RT and 40ºC one 
day after production and after nine months. 
 

Day 1 9 months  Retinol conc. 
(w/w) 

Lipid Surfactant 
RT RT 40°C 

 Inutec SP1 -17.5±0.7 -9.5±0.9 -5.4±0.2 
Compritol 888 Tween 80 -16.0±0.6 -15.0±0.2 -17.0±0.6 

 Miranol 32 -36.4±0.4 -37.1±0.3 -31.2±0.4 
 Inutec SP1 -27.5±0.6 -25.7±0.5 -22.1±0.6 

Elfacos C 26 Tween 80 -23.2±0.3 -24.1±0.5 -25.0±0.7 

 
 
 

0.5% 
 
  Miranol 32 -49.2±0.2 -50.4±0.1 -43.2±0.8 

 Inutec SP1 -12.0±0.7 -8.0±0.3 -7.5±0.6 
Compritol 888 Tween 80 -12.4±0.1 -11.3±0.1 -18.0±0.1 

 Miranol 32 -31.2±0.3 -39.1±0.2 -46.9±2.0 
 Inutec SP1 -23.3±1.3 -18.7±0.2 -16.1±0.9 

Elfacos C 26 Tween 80 -17.9±2.1 -18.9±0.4 -14.5±0.5 

 
 
 

0.75% 
 
  Miranol 32 -51.6±2.3 -43.8±1.0 -35.0±0.2 

Miranol 32 -42.0±0.2 -40.1±0.7 -39.3±0.2  

Compritol 888 Tween 80 -10.1±0.1 -11.2±0.4 -9.7±0.6 
Miranol 32 -48.8±0.6 -48.8±0.6 -48.8±0.6 

 
 

1.0% 
 

 

Elfacos C 26 Tween 80 -14.1±0.3 -15.5±0.7 -15.1±0.3 
 

The zeta potential values of the two formulations based on Retinol 50 C and carnauba wax 

were also determined one day after production and after nine months. These values were -54.2 

mV ± 0.7 and -49.3 mV ± 0.8 one day after production and -52.1 mV ± 0.8 and -48.5 mV ± 

0.4 after nine months for the Retinol C1 and Retinol C2 formulations, respectively. The zeta 

potential values one day after production indicate a very good physical stability for the two 

formulations. These values did not change after nine months of storage indicating long-term 

physical stability of the formulations. 
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Figure 4-11: Day 1 PCS and LD particle size of the NLC formulations containing 0.5% (w/w) retinol, all 
particle sizes were below 2.5 µm (d99%). 
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Figure 4-12: Month 9 (RT) PCS and LD particle size of the NLC formulations containing 0.5% (w/w) 
retinol. An increase in the particle size of the sample produced using Compritol and Inutec was measured. 
 

 98



                                                                             Chapter 4: NLC as a carrier system for chemically labile actives 

d50% d90% d95% d99% PCS [nm]

0

1

2

3

4

5

6

Inutec Tween Miranol Inutec Tween Miranol

Compritol 888                                            Elfacos C 26

LD
 p

ar
tic

le
 d

ia
m

et
er

 [µ
m

]

0

50

100

150

200

250

300

350

400

P
CS

 m
ea

n 
pa

rti
cl

e 
di

am
et

er
 [n

m
]

0.5 % retinol 
9 months, 40°C

 
Figure 4-13: Month 9 (40ºC) PCS and LD particle size of the NLC formulations containing 0.5% (w/w) 
retinol. The samples produced using Inutec had an increase in particle size. 
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Figure 4-14: Day 1 (RT) PCS and LD particle size of the NLC formulations containing 0.75% (w/w) 
retinol, all particle sizes were below 2.0 µm (d99%) except the Compritol Inutec formula. 
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Figure 4-15: Month 9 (RT) PCS and LD particle size of the NLC formulations containing 0.75% (w/w) 
retinol. The samples produced using Inutec had an increase in particle size. 
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Figure 4-16: Month 9, (40ºC) PCS and LD particle size of the NLC formulations containing 0.75% (w/w) 
retinol. The samples produced using Inutec had an increase in particle size. 
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Figure 4-17: Day 1 (RT) PCS and LD particle size of the NLC formulations containing 1.0% (w/w) retinol, 
all particle sizes were below 0.6 µm (d99%). 
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Figure 4-18: Month 9 (RT) PCS and LD particle size of the NLC formulations containing 1.0% (w/w) 
retinol. The particle size of all samples stayed below 0.6 µm (d99%). 
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Figure 4-19: Month 9, (40ºC) PCS and LD particle size of the NLC formulations containing 1.0% (w/w) 
retinol. The particle size of all samples stayed below 0.6 µm (d99%). 
 

 

d50% d90% d95% d99% PCS [nm]

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

Retinol C1 Retinol C2 Retinol C1 Retinol C2 Retinol C1 Retinol C2

LD
 p

ar
tic

le
 d

ia
m

et
er

 [µ
m

]

0

50

100

150

200

250

300

350

400

PC
S

 m
ea

n 
pa

rti
cl

e 
di

am
et

er
 [n

m
]

3.0 % retinol 

9 months, 40°C 9 months, RT day 1 
 

Figure 4-20: Day 1 and month 9 (RT and 40°C) PCS and LD particle size of the NLC formulations 
containing 3.0% (w/w) retinol. The particle sizes were below 0.6 µm (d99%) at day 1 and after 9 months. 
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4.3.3 Chemical stability of retinol in the retinol-loaded NLC 

The retinol-loaded NLC formulations were stored at room temperature and at 40ºC and the 

chemical stability of retinol was investigated. Over one year the remaining retinol 

concentration was assessed using HPLC. The next seven figures show the %age remaining of 

retinol in the different formulations. The samples with the highest %age remaining retinol 

were considered the most stable. Retinol was more stable in the higher retinol loading 

formulations than in the lower retinol loading formulations. Comparing the %age retinol 

remaining in the formulations based on Retinol 15 D with 0.5%, 0.75% and 1.0% (w/w) 

retinol loading stored at room temperature, the retinol in the formulations with 1.0% (w/w) 

retinol loading was clearly the most stable. The %age retinol remaining in the 1.0% (w/w) 

retinol loading formulations was about 80% while in the 0.75% (w/w) formulations it was 

between 60% and 70%, and in the 0.5% (w/w) retinol loading formulations it was between 

40% and 65% ( Figure 4-21, Figure 4-23 and Figure 4-25). This is due to the increased 

amount of the oil in which the retinol is dissolved (Retinol 15 D). It inhibits the crystallization 

of the most stable, more ordered polymorph of the lipid. Due to the increased number of 

imperfections in the crystal lattice, a higher amount of retinol can be incorporated in the inner 

core of the particles. This inclusion enhances the chemical stability. 

The retinol in the formulation composed of Compritol 888 and Inutec SP1 (both 0.5% and 

0.75% (w/w) retinol loading) showed the lowest stability (Figure 4-22 and Figure 4-24). This 

is because of the expulsion of the retinol from the lipid matrix of the nanoparticles. This was 

accompanied with particle size growth and lipid aggregations (physical instability). 

The retinol in the formulations composed of Compritol 888 and Tween 80, Elfacos C 26 and 

Tween 80 and Elfacos C 26 and Miranol 32 and with a 1.0% (w/w) retinol loading showed the 

highest retinol stability in comparison to the same formulations with the lower retinol loading 

(0.5% and 0.75% (w/w)) (Figure 4-22, Figure 4-24 and Figure 4-26). 

Figure 4-27 shows the %age retinol remaining of the retinol in the two formulations based on 

the Retinol 50 C and stored at room temperature and at 40ºC. At room temperature after one 

year the %age retinol remaining in the formulation Retinol C1 was 77% while in the 

formulation Retinol C2 the %age retinol remaining was only 68%. This can be explained by 

the inhibition of the crystallization of the most stable, more ordered carnauba wax polymorph 

duo to the high polysorbate 20:carnauba wax ratio (1:1 in the Retinol C1 formulation and 1:2 

in the Retinol C2 formulation). The increased number of imperfections in the crystal lattice of 

the carnauba wax in C1 causes the retinol to be more incorporated in the inner core of the 

particles and hence more protected and more chemically stable. 
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Figure 4-21: The %age remaining retinol in the NLC with 0.5% (w/w) retinol loading stored at RT for one 
year. After one year the %age remaining retinol was between 40% and 65% (n=4). 
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Figure 4-22: The %age remaining retinol in the NLC with 0.5% (w/w) retinol loading stored at 40ºC for 
one year. The NLC formulation produced using Compritol 888 and Inutec SP1 is clearly chemically not 
stable (n=4). 

 104



                                                                             Chapter 4: NLC as a carrier system for chemically labile actives 

Compritol, Inutec Compritol, Tween Compritol, Miranol
Elfacos, Inutec Elfacos, Tween Elfacos, Miranol

0.0

20.0

40.0

60.0

80.0

100.0

0 10 20 30 40 50 60

Weeks

%
 re

tin
ol

 re
m

ai
ni

ng

0.75 % retinol 
RT 

 
Figure 4-23: The %age remaining retinol in the NLC with 0.75% (w/w) retinol loading stored at RT for 
one year. After one year the retinol %age remaining was between 60% and 70%. The formulation 
produced using Compritol 888 and Miranol 32 has a high %age remaining retinol due to water loss (n=4). 
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Figure 4-24: The %age remaining retinol in the NLC with 0.75% (w/w) retinol loading stored at 40ºC for 
one year. The NLC formulation produced using Compritol 888 and Inutec SP1 is clearly chemically not 
stable (n=4). 
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Figure 4-25: The %age remaining retinol in the NLC with 1.0% (w/w) retinol loading stored at RT for one 
year. After one year the retinol %age remaining in the NLC produced using Elfacos C 26 and Tween 80 
was 60%. While the NLC produced using Elfacos C 26 and Miranol 32 contained 79% retinol (n=4). 
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Figure 4-26: The %age remaining retinol in the NLC with 1.0% (w/w) retinol loading stored at 40ºC for 
one year. After three months the NLC formulation made using elfacos C 26 and Miranol 32 was the most 
stable one with 80% retinol remaining. After one year the NLC sample made using Compritol 888 and 
Miranol 32 was the less stable one (n=4). 
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Figure 4-27: The %age remaining retinol in the NLC with 3.0% (w/w) retinol loading stored at RT and 
40°C for one year. After one year the %age remaining retinol in the Retinol C1 formulation was 77% 
while the remained retinol in the Retinol C2 formulation was only 68% (n=4). 
 

From this study it can be concluded that by increasing the retinol loading in the lipid matrix of 

the NLC an enhanced chemical stability can be achieved. 

4.4 Conclusion 

In this part of the work coenzyme Q 10 and black currant seed oil-loaded NLC and retinol-

loaded NLC were produced and the physicochemical properties of these formulations were 

evaluated. The production of physically stable formulations, in terms of particle size, was 

successful for both systems. The chemical stability of Q10, BCO and retinol was improved 

when they were incorporated in NLC. The chemical stability of these materials in their NLC 

formulations was better than in their nanoemulsions. The developed formulations can be used 

in final topical products to achieve improved chemical stability in addition to the positive 

effects of the lipid nanoparticles on the skin. Concerning the Q10 and BCO loaded NLC, the 

formulation based on carnauba wax and PlantaCare 2000 showed the best physical and 

chemical stability. The best retinol formulations based on Retinol 15 D were the formulations 

containing 1% (w/w) retinol and formulated with Compritol 888 and Tween 80 and with 

Elfacos C 26 and Miranol 32. Moreover, the formulation based on Retinol 50 C (Retinol C1) 

showed a very good physical and chemical stability (77%). 
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5.1 Introduction 

Ultraviolet radiation reaching the surface of the earth contains about 95% of UV-A (320-400 

nm) and 5% of UV-B (290-320 nm), while UV-C (200-290 nm) does not reach the surface of 

the earth because it is absorbed by the ozone layer [174, 254]. This UV load leads to a range 

of acute and chronic types of skin damage. UV-A, UV-B and UV-C can all damage the 

collagen fibers and thereby accelerate the aging of the skin. UV-A, also called near ultraviolet 

region, possesses less energy than UV-B or UV-C radiations and a longer wavelength. 

Therefore, it penetrates into the skin and reach the dermis provoking several damages such as 

skin aging, DNA damage and possibly skin cancer [255]. It might cause immediate and 

delayed tanning reactions but does not cause sunburn because it does not cause reddening of 

the skin (erythema) and therefore, it can not be measured in the SPF testing. UV-A is 

considered to be an essential cause of wrinkles [256]. The acute sunburn is mainly caused by 

the UV-B radiation fraction [174]. This UV radiation fraction can cause skin cancer. It can 

also excite the DNA molecules in the skin cells, causing the formation of covalent bonds 

between adjacent thymine bases producing thymidine dimers. To avoid all these harmful 

effects during the exposure to sunlight, the use of topical sunscreens (UV blockers) became a 

routine by a large percentage of the population [257]. Sunscreens can be divided into three 

types, organic sunscreens, inorganic sunscreens and what so called photoprotectors like 

antioxidants, enzymes and free radical scavengers. 

5.1.1 Organic sunscreens 

The principle of photoprotection of organic sunscreens is the absorption of UV radiation 

attributed to the conjugated double bonds of their chemical structures. In general, their 

chemical structure consists of aromatic compounds and two functional groups acting as 

“electron releasers” and “electron acceptors”. Upon exposure to UV radiation the molecule 

tends to delocalize the electrons to reach a higher state of energy. The excitation caused by the 

absorption of UV light is the favored state of the molecule [258]. 

PABA (p -aminobenzoic acid) was introduced as one of the first organic sunscreens in the 

1920s. It had the advantage of being water resistant. However, there was an increasing 

evidence that PABA can elicit photocontact allergies and possibly autoimmune diseases such 

as systemic lupus erythematosus [259]. Moreover, there were reports that the decomposition 

of PABA could produce a potentially carcinogenic nitrosamine degradation product [260]. 

Benzophenone-3 (oxybenzone) became in the 1980s the most frequently used component of 

sunscreen formulations. 
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In general, organic sunscreen products can induce photocontact allergic reactions [261]. In 

contrast to the acute toxic effects of organic sunscreens, their chronic toxicity has not yet been 

extensively studied. The systemic absorption of sunscreens after topical application is also an 

important point, it has been reported for some organic UV blockers [262, 263]. It has been 

shown that 0.5% of the total amount of benzophenon-3 (oxybenzone), which was applied 

topically onto the skin, could be detected in the urine of human volunteers for up to 48 hrs 

[264]. Organic sunscreens, including oxybenzone, have also been found in human breast milk 

[265]. Moreover, the user demand for water-resistant sunscreens encourages the production of 

more lipophilic sunscreens, which could increase their dermal absorption. The postulated in 

vivo estrogenicity of organic sunscreens has been recently studied [266]. Six frequently used 

UV-A and UV-B organic sunscreens, including oxybenzone, were administered orally 

(median effective dose 1.000–1.500 mg/kg/day) to rats over a period of four days. A 

significant increase of the uterine weight was induced by three out of the six sunscreens. It 

was, therefore, hypothesized that the oral intake of sunscreens might be a potential risk for 

humans via bioaccumulation. But also dermal application could induce a significant increase 

in the uterotrophic testing. This report caused a broad public discussion on the safety of 

organic sunscreens. Some European countries have banned the suspected products from the 

market for some time. Therefore, the European Union cosmetics advisory committee stated 

that there are no estrogenic effects of organic sunscreen products allowed in the EU market. 

Although the estrogenicity of organic sunscreens is an interesting aspect worth studying, the 

clinical relevance of these findings is not high because at this time the benefits of using 

organic sunscreens outweighs the risks of possible estrogenicity [174]. 

When the contribution of UV-A to photocarcinogenesis and photoaging became apparent, the 

sunscreens absorbing the longer UV-A range have been introduced in the late 1990s. 

Examples of these UV-A sunscreens are butyl methoxydibenzoylmethane, terephthalidene 

dicamphor sulfonic acid (e.g. Mexoryl SX®) and drometrizole trisiloxane. Micronized organic 

pigments such as methylene bis-benzotriazolyl tetramethylbutylphenol (Tinosorb M®) have 

been introduced as broad spectrum sunscreens. Table 5-1 gives an overview of some organic 

UV filters permitted in Europe. With all the different products in the market new problems 

arose. Interaction between some solar UV-A and UV-B filters has been proven, which leads 

to a consequent loss of UV protection [182]. 

 

Preparation of oxybenzone-loaded gelatin microspheres increased the efficacy of the 

sunscreen more than four times and provided the advantage of overcoming solubility and skin 
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irritation problems. The SPF increase could be due to the microsphere film formation over the 

skin which acts as a physical sunscreen [267].  

Nanoparticles have been investigated as a delivery system for labile organic sunscreens. 

PLGA (poly- D, L-lactide-co-glycolide), a biocompatible polymer, nanoparticles were 

produced as vehicles for organic sunscreens for the prevention of photodegradation of the 

sunscreens [268]. The latest development of a carrier system for organic UV blockers was the 

sol-gel glass microcapsules. The organic UV blocker is encapsulated within a silica shell of a 

diameter ranging from 0.3 to 3 μm [269]. This new system reduces the contact between the 

UV blocker and skin, and hence the undesired effects related to this contact e.g. photoallergy 

and systemic absorption. Based on this technique the company Sol-Gel Technologies Ltd. is 

now manufacturing the product “UV-Pearls”. 

 
Table 5-1: A selection of the organic UV blockers permitted for use in Europe. 
 
UV blocker group UV blocker chemical name Trade name Protection 

range 
p-Aminobenzoic 
acid and its esters 

ethylhexyl dimethyl PABA Escalol 507 UV-B 

 
Salicylates 

ethylhexyl salicylate 
ethyl triazone 
homosalate 

Eusolex OS 
Uvinul T 150 
Eusolex HMS 

UV-B 
UV-B 
UV-B 

Cinnamates ethylhexyl methoxycinnamate 
octocrylene 

Parsol MCX 
Uvinul N539  

UV-B 
UV-B 

Benzophenones benzophenone-3, oxybenzone Eusolex 4360 UV-B/UV-A 
Dibenzoylmethanes butyl methoxydibenzoylmethane Parsol 1789/ 

Eusolex 9020 
UV-A 

 
Camphor 

derivatives 
3-benzylidene camphor 

4-methylbenzylidene camphor 
Mexoryl SD 

Eusolex 6300 
UV-B 
UV-B 

Phenols bis-ethylhexyloxyphenol methoxyphenyl triazine 
drometrizole trisiloxane 

Tinosorb S 
Mexoryl XL 

UV-B/UV-A 
UV-A 

 

5.1.2 Inorganic sunscreens 

The most used inorganic (physical) sunscreens (UV blockers) are zinc oxide (ZnO), titanium 

dioxide (TiO2), silicates and ferric oxide. The UV radiation blocking by these inorganic 

sunscreens is attributed to three mechanisms namely reflection, scattering, and in some cases 

absorption [255, 270]. The UV blocking properties of inorganic sunscreens are attributed to 

many factors such as particle size, number of particles (concentration), refraction index, 

crystalline form, dispersion media and semiconductor properties [179]. The advantages of the 

inorganic sunscreens are in general their stability, the broad spectrum of UV radiation 

protection, the lack of photosensitization and their low toxicity compared to the organic UV 

blockers [174]. But on the other hand inorganic UV blockers have some disadvantages. They 

have a visual appearance because of their solid consistency, they also leave white 
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pigmentation residues on the skin. In the last two decades preparations of improved quality 

were produced. The particles of zinc oxide and titanium dioxide were micronized or 

nanosized to reduce the reflection of the visible light and to give these inorganic sunscreens a 

more transparent appearance and a better skin feeling [271]. The micronization of the 

particles transforms the inorganic substances into reflectors and absorbents at the same time. 

Electrons of the metallic oxides are mobilized by the absorption of UV radiation and hence, 

forming either free radicals and/or reactive oxygen species by reducing the oxygen molecules 

(O2). It has been reported that the photocatalytic activity (the acceleration of a photoreaction 

in the presence of a catalyst) of TiO2 may alter cellular homoeostasis and damage cellular 

RNA and DNA [272]. In cosmetic preparations the TiO2 is coated to reduce the 

photocatalytic activity and skin penetration [174]. Coating materials can be organic such as 

stearic acid, PVP, methicone, dimethicone and glycin, or inorganic such as alumina, silica or 

aluminium phosphate [273]. 

 

Penetration of intact skin dependents partially on particle size, but there are also other key 

factors that influence skin penetration. These factors include the physicochemical properties 

of nanomaterials (e.g. shape, surface coatings, surface charge, composition and solubility), the 

presence of other substances or solvents that act as penetration enhancers and the condition of 

the skin (e.g. abrasions, blemishes, age) [274]. 

The potential of solid nanoparticles, size of 100 nm or less, to penetrate the stratum corneum 

and diffuse into underlying structures is at the center of the debate concerning their safety for 

topical use. The European Scientific Committee on Consumer Products has issued a number 

of opinions on the subject, but still believes that there is till now insufficient information for a 

proper safety evaluation of microfine (or nanosized) TiO2 and ZnO. 

Many studies have been performed and there is still a lack of available data demonstrating 

whether nanoparticles can gain access to the epidermis after topical application [275]. 

Nanoparticles administered on the skin are known to localize to regional lymph nodes, 

potentially via skin macrophages and Langerhans cells [276]. Observing that endothelial cells 

have a capacity to internalize nanoparticles more than larger particles of the same material 

increased the concerns of potential pro-inflammatory or cytotoxic potential of these 

nanomaterials [277]. 

Lademann et al. did not detect any absorption of nanosized TiO2 particles (crystal size 

approximately 17 nm) into the epidermis following repeated application of an o/w emulsion to 
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the forearms of volunteers over several days. Only the upper stratum corneum and hair 

follicles showed evidence of particle penetration [278]. 

Although nanoparticles of physical sunscreens do not appear to penetrate into the viable 

epidermis, there is a potential systemic exposure to the nanoparticulate inorganic sunscreens 

which may partially diffuse following topical application [279]. Penetration of nanosized 

TiO2 into human skin seems to be possible because of the mean particle size of 20 nm. A pilot 

study suggested that skin absorption of TiO2 nanomaterials took place [280]. Another pilot 

study that has been performed on selected patients scheduled to have skin surgery showed that 

the levels of TiO2 in the epidermis and dermis of subjects who applied the microfine TiO2 to 

their skin were higher than the level of TiO2 found in the controls [180]. Müller-Goymann 

investigated the in vivo and in vitro penetration behaviour of the nanosized TiO2 particles into 

human skin. Results showed that nanosized TiO2 penetrates deeper into human skin from an 

oily dispersion than from an aqueous one. The encapsulation of the micropigment into 

liposomes causes a higher penetration depth of the particles into the skin [281]. 

In a memorandum from Bergeson and Campbell sent to their firm clients it was cited that 

there is no evidence for skin penetration into viable tissues for nanoparticles of about 20 nm. 

On the other hand, there are less studies regarding skin with impaired barrier function e.g. 

atopic skin, acne, eczema or sunburned skin. Also mechanical effects on skin, e.g. flexing or 

shaving, might have an effect on nanoparticles penetration [282]. Actually it is knows that 

broken skin is an ineffective barrier and enables particles up to 7000 nm in size to reach the 

living tissues [283]. The European Union has also launched a research project called 

“Nanoderm” to investigate the quality of the skin as a barrier to formulations containing 

nanoparticles [181]. 

Studying the toxic effects of TiO2 to cellular components, some studies showed that TiO2 

does not penetrate the stratum corneum in viable skin. This was proven by investigating the 

dermal absorption of TiO2 by light and electron microscopy. The TiO2 particles were of 

different surface characteristics (hydrophobic or amphiphilic), sizes (from 20 nm to 100 nm) 

and shapes (cubic or needle). Non of the TiO2 pigments was detected in the deeper stratum 

corneum layers or epidermis [284]. 

On the other hand, other studies found that TiO2 could penetrate from dermal fibroblasts to 

skin tissue and cause damage to the cell structure and function [285]. It has been also reported 

that topical zinc ions cross the skin and can be found in dermis and blood [286]. 

Comparing micronized ZnO and micronized TiO2, ZnO was more efficient in the absorption 

of UV light, especially in the UV-A range. ZnO was also non-photoreactive and has a more 
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aesthetic appearance than micronized TiO2. This is because of its low reflection of visible 

light in this particular particle size range [287]. Nevertheless, the comparison depends on the 

particle size of the substances. ZnO is used as both UV-A and UV-B blocker while TiO2 is 

used mainly as a UV-B blocker, but the bigger a TiO2 particle is, the more UV-A protection is 

achieved [287]. ZnO is currently used in sunscreens but not permitted as a UV filter in 

Europe. Moreover, many sunscreen products contain organic UV blockers in addition to the 

inorganic UV blockers to achieve a higher SPF [288]. On the other hand, it has been reported 

that inorganic UV blockers can decrease the activity of the organic ones when they are 

together in one formulation [182]. Current FDA rules do not allow formulators to combine the 

organic UV-A blocker avobenzone with the titanium dioxide [289]. 

5.1.2.1 Placebo NLC 

Solid lipid nanoparticles (SLN) showed a UV blocking potential, i.e. they act as physical 

sunscreens on their own [290]. The crystalline lipid of the nanoparticles has the ability to 

scatter the UV radiation on its own leading to photoprotection without the need of molecular 

sunscreens [125]. 

Müller-Goymann et al. have incorporated different pigments including TiO2 into different 

lipid nanoparticles and studied the enhancement of the sun protection factor of these 

formulations. They also investigated the physical stability of these formulations and the 

entrapment efficacy of the TiO2 in the lipid nanoparticles [128, 291, 292]. 

5.1.3 Photoprotectors 

Antioxidants present in the skin neutralize the harmful chemical reactions occurred upon 

exposure to UV radiation. Hence, these antioxidants protect the skin and reduce its damages 

such as reduction of elasticity and formation of age spots [293]. Upon skin exposure to UV 

radiation the skin content of antioxidant enzymes and other small molecular weight 

antioxidants diminishes [294]. Therefore, and to re-establish the proantioxidant balance that 

was disturbed by the skin exposure to UV radiation, diverse chelating agents, excited state 

quenchers, free radicals scavengers and enzymes are applied [295]. Ethylenediamine triacetic 

acid and vitamin C can be mentioned as examples for chelating agents. Xanthine, melanin and 

β-carotenes are among the quencher molecules, whereas vitamin E (D α-tocopherol) and 

coenzyme Q 10 are considered to be free radical scavengers [296, 297]. 
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All in all, to overcome the disadvantages of the organic and inorganic sunscreens previously 

mentioned, e.g. systemic absorption, interaction with other sunscreens in the same 

formulation and undesired appearance or skin feeling, the encapsulation of these sunscreens 

might be an approach. Reduction of the skin penetration, improved photostability of the 

sunscreen, lowering the allergy potential, better appearance and skin feeling and avoiding 

incompatibility with other sunscreens are expected [269]. 

Based on this concept, the NLC can also be considered as a carrier system for some 

sunscreens. The UV blocking activity of placebo NLC and sunscreen-loaded NLC 

formulations has been studied [125, 252]. In this chapter further studies and tests have been 

performed on placebo NLC formulations and on different sunscreen-loaded NLC 

formulations. 

5.2 Placebo (Non-loaded) NLC 

Placebo NLC suspensions were produced and the UV absorption properties and the factors 

affecting them were studied. Furthermore, placebo NLC were admixed to a conventional 

cream and the UV protection activity of this cream containing placebo NLC was determined. 

5.2.1 Production of placebo NLC 

The production of the placebo NLC was performed as described in chapter 2. Shortly, the 

lipid blend is heated to 5-10ºC above the melting point of the solid lipid, and subsequently 

dispersed by high speed stirring at 8000 rpm for 20-30 sec in a hot aqueous 

surfactant/stabilizer solution of a same temperature. The obtained preemulsion is 

homogenized with a high pressure homogenizer applying a pressure of 800 bar and two 

homogenization cycles yielding a hot o/w nanoemulsion. The obtained nanoemulsion was 

filled in silanized glass vials, which were immediately sealed. A thermostated water bath 

adjusted to 15ºC has been used as cooling system to control the cooling rate of the obtained 

formulations. After cooling, the emulsion droplets crystallize forming lipid nanoparticles with 

solid particle matrix [196]. Nanoemulsions served as references and were produced in the 

same way after substituting the solid lipid with Miglyol 812. 

5.2.2 UV absorption properties of placebo NLC 

As an in vitro method to determine the UV absorption of the placebo NLC, the spectral 

absorption between 400 and 200 nm has been measured (UV radiation range) [298]. The NLC 

suspensions and the reference nanoemulsions were diluted with the same dilution factor to 

have an absorbance around 1, i.e. the lipid phase concentration (solid lipid or oil) was the 
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same in the measured samples of the NLC suspensions and the reference nanoemulsions. To 

develop an NLC formulation which has a high UV absorbance the effects of the lipid matrix 

and the particle size were investigated. 

5.2.2.1 Effect of placebo NLC lipid matrix on the UV absorption 

The UV absorption of an NLC suspension (consisting of 40% cetyl palmitate, 10% Cetiol 

MM, 3% PlantaCare 2000 and 47% water) was compared to a conventional nanoemulsion 

(consisting of 50% Miglyol 812, 3% PlantaCare 2000 and 47% water). The particle size 

distribution of both formulations was in the same range (PCS mean particle size 343±6 nm for 

the NLC and 332±7 nm for the emulsion). The samples were diluted so that the UV 

absorbance range is between 0.5 and 2. The lipid phase concentration was 0.1 μg/ml. It was 

observed that within the UV region the absorbance of the NLC is twice higher than the 

absorbance of the emulsion (Figure 5-1). This is due to the fact that the NLC suspension 

decreases spectral transmission to a greater extent than the droplets of the oil in the reference 

nanoemulsion. This decrease in spectral transmission is due to scattering of the UV light. 
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Figure 5-1: The absorption spectra of a placebo NLC suspension and a conventional nanoemulsion. The 
absorbance of the NLC is approximately twice higher than the absorbance of the emulsion, lipid phase 
concentration= 0.1 μg/ml (n=3). 
 

To determine if there is an influence of the solid lipid type on the UV absorption, the 

absorption spectra of 2 NLC formulations (consisting of 19% carnauba wax or cetyl 
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palmitate, 1% Miglyol 812, 1.8% TegoCare 450 and 78.2% water) were compared. The 

absorption spectrum of a conventional nanoemulsion (consisting of 20% Miglyol 812, 1.8% 

TegoCare 450 and 78.2% water) was also measured. The particle size distribution of the three 

formulations was in the same range (PCS mean particle size 302±5 nm for the carnauba wax 

NLC, 291±8 nm for the cetyl palmitate NLC and 297±3 nm for the nanoemulsion). The 

samples were diluted so that the UV absorbance range is below 1. The lipid phase 

concentration was 0.04 μg/ml. It was observed that the two NLC formulations have almost the 

same spectral absorption which is twice higher than the absorption of the nanoemulsion 

(Figure 5-2). 
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Figure 5-2: The absorption spectra of 2 NLC formulations (carnauba wax or cetyl palmitate) and a 
conventional nanoemulsion (Miglyol 812). The absorbance of the NLC samples is approximately twice 
higher than the absorbance of the nanoemulsion, lipid phase concentration= 0.04 μg/ml (n=3). 
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5.2.2.2 Effect of placebo NLC particle size on the UV absorption 

To study the effect of the particle size of the placebo NLC on the UV absorption two NLC 

formulations were produced using two different solid lipids (carnauba wax and cetyl 

palmitate). Each formulation was produced four times, each time with a different 

homogenization pressure and number of homogenization cycles, to obtain different particle 

sizes. The UV absorbance of these NLC formulations was measured. The composition of 

these NLC formulations, their PCS mean particle size, the homogenization pressure and the 

number of homogenization cycles are shown in Table 5-2. 

 
Table 5-2: Composition, PCS mean particle size, homogenization pressure and number of cycles of the two 
NLC formulations produced to study the effect of particle size on the UV absorption. 
 

Formulation Composition PCS size (nm) Homogenization pressure and 
cycle no. 

 
carnauba wax 

NLC 

carnauba wax 
Miglyol 812 
Inutec SP1 
water 

30.0% 
5.0% 
2.5% 
62.5% 

652±8 
533±7 
378±4 
324±5 

250 bar, 2 cycles 
400bar, 2 cycles 
500bar, 2 cycles 
500bar, 3 cycles 

 
 

cetyl palmitate 
NLC 

cetyl palmitate 
Cetiol MM 
Miglyol 812 
Inutec SP1 
water 

24.0% 
6.0% 
5.0% 
2.5% 
62.5% 

717±9 
533±8 
373±6 
353±6 

200 bar, 2 cycles 
300bar, 2 cycles 
500bar, 2 cycles 
500bar, 3 cycles 

 
 
From the absorption spectra of these NLC samples it was observed that there is an optimal 

size for the maximum UV absorption. This size was the same for both NLC formulas (about 

375 nm PCS mean particle size) (Figure 5-3, Figure 5-4). This can be explained as follows, 

when the particles become smaller the surface/volume ratio becomes higher, i.e. there are 

more surfaces where the light is reflected, absorbed, or refracted. But when the particles are 

smaller than a definite particular size (smaller that 370 nm) they become transparent, and 

hence the absorption of UV radiation decreases. Moreover, when the particle size is 

comparable to the wavelength of the UV radiation, the destructive interference of the particles 

with the radiation beam becomes very small, i.e. these very small particles do not absorb, 

refract or reflect the light as the relatively bigger ones [203, 299]. 

Figure 5-5 shows the possible interferences between a light beam and a spherical particle. The 

light can be either reflected, absorbed or refracted. The diameter of the particle in this drawing 

is significantly bigger than the incident light wavelength. 
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Figure 5-3: The absorption spectra of the carnauba wax NLC formulation with four different particle 
sizes. The UV absorption of the NLC sample having 378 nm mean particle size was the highest among the 
four samples, lipid phase concentration= 0.0525μg/ml (n=3). 
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Figure 5-4: The absorption spectra of the cetyl palmitate NLC formulation with four different particle 
sizes. The UV absorption of the NLC sample having 373 nm mean particle size was the highest among the 
four samples, lipid phase concentration= 0.035μg/ml (n=3). 
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Figure 5-5: The possible interferences between a light beam and a spherical particle. Light can be either 
reflected, absorbed or refracted, light absorption is expressed as a decrease in light intensity (thinner 
arrow) (modified after [299]). 
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5.2.3 UV blocking activity of creams containing placebo NLC 

NLC cream and NLC emulsion were prepared by admixing the placebo cetyl palmitate NLC 

formulation to a conventional cream or a conventional emulsion respectively. 5 g NLC 

dispersion were added to 95 g cream or emulsion. The UV blocking activity of these placebo 

cetyl palmitate NLC cream and emulsion and a conventional cream and conventional 

emulsion (without NLC) was compared. This was performed by measuring the concentration 

of a β-carotene solution in a quartz Petri dish covered with 0.3 g evenly spread layer of one of 

these creams or emulsions. The Petri dishes were exposed to artificial sun light containing UV 

radiation inside an artificial sunlight chamber Suntest (Heraeus GmbH, Hanus, Germany) and 

were irradiated with a radiation intensity of about 830 W/m2 (between 300 and 830 nm) for 60 

min (see chapter 2). The β-carotene concentration was assessed after 30 and 60 min of 

exposure. After 30 min of exposure to the artificial sun light the remaining β-carotene 

concentration for the two preparations (cream and emulsion) containing 5% placebo NLC 

dispersion was twice higher than the remaining β-carotene concentration for the conventional 

cream and emulsion. After 60 min the difference between the remaining β-carotene 

concentration of the NLC preparations and the conventional ones increased to be six times 

higher for the NLC cream in comparison to the conventional cream and 4 times higher for the 

NLC emulsion in compare to the conventional emulsion (Figure 5-6 and Figure 5-7). After 60 

min the color of β-carotene can still be detected in the Petri dishes covered with the placebo 

NLC cream (yellowish color), while no β-carotene could be detected in the Petri dishes 

covered with the conventional cream (Figure 5-8).Therefore, it can be concluded that the UV 
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blocking activity of the preparations containing 5% placebo NLC is clearly higher than the 

same cream or emulsion without the placebo NLC (conventional cream and emulsion). 
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Figure 5-6: The remaining concentration of β-carotene after 30 and 60 min of exposure to artificial sun 
light. After 30 min the placebo NLC cream showed twice higher remaining β-carotene concentration than 
the conventional cream (n=3). 
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Figure 5-7: The remaining concentration of β-carotene after 30 and 60 min of exposure to artificial sun 
light. After 30 min the placebo NLC emulsion showed twice higher remaining β-carotene concentration 
than the conventional emulsion (n=3). 
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Figure 5-8: β-carotene solution in Petri dishes after 60 min of exposure to the artificial sun light. No β-
carotene color can be seen in the upper three dishes (covered with conventional cream), while in the three 
lower dishes (covered with the placebo NLC cream) the β-carotene yellowish color can still be seen. 
 

5.2.4 Conclusion 

Placebo NLC suspensions are able to block the UV radiation on their own. This gives a 

chance to produce cosmetic products that have photoprotection properties without the need of 

using any sunscreens in the formulation. This is an advantage when there are tolerability 

problems with the conventional sunscreens. To achieve a maximum UV blocking activity the 

particle size of the NLC should be optimized. 
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5.3 BMBM-loaded NLC 
Avobenzone or butyl methoxydibenzoylmethane (BMBM) is an organic UV blocker used in 

sunscreen products to absorb the full spectrum of the UV-A rays. The most effective 

sunscreens contain BMBM and titanium dioxide. Therefore, BMBM has been used in 

combination with titanium dioxide and/or zinc oxide in many countries. However, in the USA 

combinations of BMBM and physical (inorganic) sunscreens are not permitted. BMBM has 

been reported to be unstable when contained in formulations with inorganic sunscreens [182]. 

Enclosing the BMBM in the NLC might have many advantages. It is expected to increase the 

UV blocking activity of BMBM and it will separate the BMBM from the physical blockers, 

this will make it possible to combine the two blockers in one product without having 

interaction between them, which might lead to BMBM instability. Also it might prevent the 

photodegradation of the BMBM and decrease or prevent its dermal absorption. 

5.3.1 Development of BMBM-loaded NLC 

5.3.1.1 Lipid screening  

The solubility of BMBM in 20 solid lipids (at 80ºC) has been assessed. The starting 

concentration of BMBM was 20% (w/w) and the concentration was increased to 30% (w/w) if 

the 20% (w/w) BMBM were soluble in the screened lipid (Table 5-3). 

 
Table 5-3: Results of BMBM lipid screening (solubility in the melted lipid at 80ºC), “-“ means no mixture 
was prepared. 
 

Lipid Melting point °C 20% (w/w) BMBM 30% (w/w) BMBM 
Apifil 73 soluble partially soluble 
Atowax 65 soluble partially soluble 
bees wax 66 soluble partially soluble 
cetyl alcohol 56 not soluble - 
Compritol HD5 69 soluble partially soluble 
Compritol 888 74 partially soluble - 
Dynasan 114 58 soluble soluble 
Dyansan 116 63 partially soluble - 
Dyansan 118 73 soluble not soluble 
Geleol 58 not soluble - 
glyceryl monostearate 67 not soluble - 
Inwitor 191 71 not soluble - 
Inwitor 900 64 not soluble - 
Precifac ATO 52 soluble soluble 
Softisan 134 36 soluble soluble 
Softisan 142 44 not soluble - 
Softisan 154 58 soluble partially soluble 
Syncrowax 73 not soluble - 
Witipsol S 58 33 not soluble - 
Witipsol E 85 44 soluble partially soluble 
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The results obtained from this lipid screening showed that the solubility of BMBM is the 

highest in Dynasan 114, Precifac ATO and Softisan 134 (30% (w/w)) among the investigated 

solid lipids. Therefore, these three lipids were selected for the production of the BMBM-

loaded NLC. Miglyol 812 was selected as oil for the production of the NLC because 30% 

(w/w) BMBM could be dissolved in it. 

5.3.1.2 BMBM-loaded NLC production and stability 

The BMBM-loaded NLC formulations were produced using the three selected lipids after the 

lipid screening (Dynasan 114, Precifac ATO and Softisan 134). The BMBM concentration in 

the lipid phase was either 30% (w/w), which is the concentration that could be dissolved in 

the selected three lipid according to the results of the lipid screening or half of this 

concentration (15% (w/w)). The concentration of the lipid phase was 20%, 30% or 40% (w/w) 

to the total formulation (Table 5-4). The aim of increasing the lipid phase concentration was 

to have a higher concentration of BMBM in the total formulation. The surfactant used was 

TegoCare 450 with a concentration of 1.8% (w/w). The homogenization conditions were 800 

bar and two homogenization cycles at 85ºC. 

 
Table 5-4: The composition of the BMBM-loaded NLC formulations. 
 

Composition % (w/w) 
BMBM concentration in the lipid phase % (w/w) 

 

Lipid phase 
% (w/w) 

15% 30% 
 
 

20% 

lipid 
Miglyol 812 
BMBM 
TegoCare 450 
water 

11.9% 
5.1% 
3.0% 
1.8% 
78.2% 

lipid 
Miglyol 812 
BMBM 
TegoCare 450 
water 

9.8% 
4.2% 
6.0% 
1.8% 
78.2% 

 
 

30% 

lipid 
Miglyol 812 
BMBM 
TegoCare 450 
water 

17.9% 
7.6% 
4.5% 
1.8% 
68.2% 

lipid 
Miglyol 812 
BMBM 
TegoCare 450 
water 

14.7% 
6.3% 
9.0% 
1.8% 
68.2% 

 
 

40% 

lipid 
Miglyol 812 
BMBM 
TegoCare 450 
water 

23.8% 
10.2% 
6.0% 
1.8% 
58.2% 

lipid 
Miglyol 812 
BMBM 
TegoCare 450 
water 

19.6% 
8.4% 
12.0% 
1.8% 
58.2% 

 
The BMBM-loaded NLC formulations were stored at three different temperatures (4ºC, 25ºC 

and 40ºC) and the formation of BMBM crystals, i.e. expulsion of the BMBM from the matrix 

of the lipid nanoparticles and recrystallization in the aqueous phase, was monitored using 

polarized light microscopy. The particle size was assessed using PCS and LD at defined time 

points during a period of three months. 
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After three months BMBM crystals could be seen by light microscopy (LM) in all the samples 

except the Precifac ATO NLC formulations. The BMBM crystals formed faster when the 

BMBM concentration in the lipid phase was higher (30% (w/w)), and it formed faster in the 

NLC samples produced using Softisan 134 (Figure 5-9). 

 

Figure 5-9: LM and SEM pictures of samples stored at RT containing 40% lipid phase of 30% (w/w) 
BMBM loading. 
A- LM picture of Dynasan 114 NLC, crystals of BMBM formed after six weeks, (magnification 63X10). 
B- LM picture of Softisan 134 NLC, crystals of BMBM formed after four weeks, (magnification 63X10). 
C- LM picture of Precifac ATO NLC, no crystals of BMBM were detected after three months, 

(magnification 100X10). 
D- SEM picture of Precifac ATO NLC. Lipid particles size is around 2 µm. No BMBM crystals were seen. 

35μm 35μm

20μm 5μm 

A B 

C D 

 

The BMBM crystals formation in the NLC samples stored at 4ºC was faster than in the NLC 

samples stored at higher temperatures. This is because the lower temperature (4ºC) promotes 

the formation of the more stable crystal form of the solid lipid and the BMBM in a shorter 

time due to the faster energy loss from the solid matrix. The formation of the more stable 

more ordered polymorph of the solid lipid (β polymorph) results in the expulsion of the 

BMBM from the lipid matrix to the aqueous phase. Because BMBM is a lipophilic compound 

the saturation solubility is easily reached and supersaturation occurs (also faster at lower 

 126



  Chapter 5: NLC for ultraviolet (UV) radiation protection 

temperatures). Because of this supersaturation, the BMBM starts to crystallize and the crystals 

grow larger with time. The formation of the crystals and their growth depend on many 

external factors like supersaturation, the solvent, the temperature, the presence of impurities, 

the range of interaction between the molecules and the concentration of the surfactant. They 

also depend on internal factors like the structure of the molecules and the bonds between the 

atoms of the molecules [300]. This explains the differences in the BMBM crystals which were 

detected in the Dynasan 114 and Softisan 134 NLC samples. The different solubility of the 

BMBM in the solid lipid matrix and the rate of reaching the supersaturation by the BMBM in 

the aqueous phase (depending on the formation of the solid lipid more stable polymorph and 

hence the BMBM expulsion) resulted in different crystal forms of BMBM. Because of the 

formation of BMBM crystals in the Dynasan 114 and Softisan 134 NLC samples, the particle 

size analysis of these samples was terminated. 

The particle size of the BMBM-loaded NLC formulations produced using Precifac ATO (30% 

(w/w) BMBM loading in the lipid phase) and stored at room temperature was measured at day 

0 and up to three months using PCS and LD (Figure 5-10 and Figure 5-11). From the PCS and 

LD results it is clear that when the lipid phase concentration was increased from 20% to 40% 

(w/w) the particle size had consequently increased. This is because by increasing the lipid 

phase concentration the homogenization efficacy decreases, while maintaining all 

homogenization conditions (homogenization pressure, number of homogenization cycles and 

temperature) the same. The increase of the lipid phase concentration means that there are 

more droplets of the melted lipid and larger surfaces to be formed between the lipid phase and 

the aqueous phase by the high pressure homogenization. Therefore, the same input of energy 

(homogenization pressure and number of homogenization cycles) to a larger amount of lipid 

phase will result in a larger particle size. 

The particle size of the formulations containing 20% and 30% (w/w) lipid phase remained 

unchanged, while a remarkable growth in the particle size was seen in the 40% (w/w) lipid 

phase formulation. This growth in particle size is because of the particle aggregation, which 

occurred due to the high lipid concentration. This is because the increase of the lipid phase 

concentration increases the probability of the particles to collide and hence to aggregate [214]. 

Moreover, gelation occurred to the Precifac ATO formulation with 40% (w/w) lipid phase and 

it became semisolid. This is due to the aggregation of the lipid particles and the 

recrystallization of the solid lipid to the more stable β modification [214]. The other two 

formulations of the BMBM-loaded NLC produced using Precifac ATO (20% and 30% (w/w) 
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lipid phase) did not become semisolid. Therefore the formulation with 30% (w/w) lipid phase 

was chosen to be incorporated in creams for the UV blocking activity test. 
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Figure 5-10: The PCS mean particle size of the BMBM-loaded NLC produced using Precifac ATO. The 
20% and 30% (w/w) lipid phase formulations were physically stable, while the mean particle diameter of 
the 40% (w/w) lipid phase formulation increased (n=10). 
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Figure 5-11: The LD 99% particle size of the BMBM-loaded NLC produced using Precifac ATO. The 
20% and 30% (w/w) lipid phase formulations were physically stable, while the particle size of the 40% 
(w/w) lipid phase formulation increased (n=3). 
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5.3.2 UV absorption properties of BMBM-loaded NLC 

The spectral absorption between 400 and 200 nm has been measured for a BMBM-loaded 

Precifac ATO NLC and a BMBM-loaded Miglyol 812 nanoemulsion and also for a placebo 

Precifac ATO NLC and a placebo Miglyol 812 nanoemulsion. All samples contained 30% 

(w/w) lipid phase (Table 5-5). The particle size of all the samples was the same (320-340 nm 

PCS mean particle diameter). All samples were diluted with the same dilution factor and the 

lipid phase concentration was 0.1μg/ml. Figure 5-12 shows that the BMBM-loaded Precifac 

ATO NLC has a twice higher UV absorption than the BMBM-loaded Miglyol 812 

nanoemulsion. The placebo Miglyol 812 nanoemulsion has no remarkable UV absorption 

while the placebo Precifac ATO NLC has a detectable UV absorption but less than the 

BMBM-loaded formulations (NLC and nanoemulsion). 

 
Table 5-5: The composition of placebo NLC, placebo nanoemulsion, BMBM-loaded NLC and BMBM-
loaded nanoemulsion. 
 

Composition % (w/w) 

Placebo BMBM-loaded  

NLC nanoemulsion NLC nanoemulsion 
Precifac ATO 
Miglyol 812 
 
TegoCare 450 
water 

23.7% 
6.3% 
 
1.8% 
68.2% 

 
Miglyol 812 
 
TegoCare 450 
water 

 
30.0% 
 
1.8% 
68.2% 

Precifac ATO 
Miglyol 812 
BMBM 
TegoCare 450 
water 

14.7% 
6.3% 
9.0% 
1.8% 
68.2% 

 
Miglyol 812 
BMBM 
TegoCare 450 
water 

 
21.0% 
9.0% 
1.8% 
68.2% 
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Figure 5-12: Absorption spectra of BMBM-loaded Precifac ATO NLC, BMBM-loaded Miglyol 
nanoemulsion, placebo Precifac ATO NLC and placebo Miglyol nanoemulsion. The BMBM-loaded NLC 
has the highest UV absorption, lipid phase concentration= 0.1μg/ml (n=3). 
 

5.3.3 UV blocking activity of creams containing BMBM-loaded NLC 

The UV blocking activity of four different creams was assessed. These four creams were 

BMBM-loaded Precifac ATO NLC cream, BMBM conventional cream, Placebo Precifac 

ATO NLC cream and conventional cream (compositions are listed in Table 5-5 and Table 

5-6). 

 
Table 5-6: The composition of the four creams prepared for the UV blocking activity test (all amounts are 
in % (w/w), “-“ means substance was not added). 
 

 Formulation 
Substance BMBM-loaded NLC 

cream 
BMBM 

conventional cream 
Placebo NLC 

cream 
Conventional 

cream 
BMBM-loaded 
NLC suspension 

10.00 - - - 

Placebo NLC 
suspension 

- - 10.00 - 

Precifac ATO - 1.47 - 2.37 
Miglyol 812 - 0.63 - 0.63 
TegoCare 450 - 0.18 - 0.18 
BMBM - 0.90 - - 
TegoSoft DO 4.00 4.00 4.00 4.00 
Montanov 202 7.00 7.00 7.00 7.00 
glycerol 5.00 5.00 5.00 5.00 
Inutec SP1 0.50 0.50 0.50 0.50 
water add 100 add 100 add 100 add 100 

 130



  Chapter 5: NLC for ultraviolet (UV) radiation protection 

This was performed by measuring the concentration of a β-carotene solution in a quartz Petri 

dish covered with 0.3 g evenly spread layer of one of these creams or emulsions. The Petri 

dishes were exposed to artificial sun light containing UV radiation inside an artificial sunlight 

chamber Suntest (Heraeus GmbH, Hanus, Germany) and were irradiated with a radiation 

intensity of about 830 W/m2 (between 300 and 830 nm) for 120 min (see chapter 2). The β-

carotene concentration was assessed after 60 and 120 min of exposure (Figure 5-13). 
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Figure 5-13: The remaining concentration of β-carotene after 60 and 120 min of exposure to artificial 
sunlight. After 120 min the BMBM-loaded NLC cream showed about four times higher UV blocking 
activity than the conventional BMBM cream, (n=3). 
 

After 120 min of exposure to the artificial sun light the remaining β-carotene concentration of 

the BMBM-loaded NLC cream was about four times higher than the β-carotene concentration 

of the conventional BMBM cream. This is an indication that the cream containing the 

BMBM-loaded NLC has about four times higher UV blocking activity than the conventional 

BMBM cream. This can be contributed to the synergistic effect achieved when the BMBM is 

incorporated in NLC. 

In the same way it can be concluded that the placebo NLC cream has about five times higher 

UV blocking activity than the conventional cream. Interesting is, the BMBM conventional 

cream and the placebo NLC cream, these two formulations have a comparable UV blocking 

activity. That means, with a cream containing 3% (w/w) placebo lipid nanoparticles (10% 

NLC suspension containing 30% (w/w) lipid phase) a UV blocking activity could be reached 
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that is comparable to the UV blocking activity of a cream containing 0.9% BMBM. This gives 

a chance of producing sunscreen formulations with low SPF which are free of organic 

sunscreens and have a remarkable UV blocking activity. These formulations will not have the 

disadvantages that the conventional sunscreen products containing organic UV blockers have. 

5.3.4 Conclusion 

BMBM, as a model for organic UV blockers, could be successfully incorporated in an NLC 

formulation. Enclosing this organic UV blocker in NLC increased the UV blocking activity of 

this blocker. This will give a chance to reduce the concentration of the organic UV blocker in 

the finished products while maintaining the desired high UV blocking activity. Using lower 

concentrations of the organic UV blockers will decrease the possibility of having the allergic 

reactions caused by these substances, and will also reduce the skin absorption of these organic 

UV blockers due to their inclusion inside the lipid particles and the lower total concentration 

applied to the skin. 
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5.4 Titanium dioxide (TiO2) loaded NLC 

TiO2 can be an optimal inorganic sunscreen if it is contained in an optimal formulation that 

prevents any undesired interaction or side effect. In this part of the work nanosized TiO2 

particles were incorporated in NLC and the UV blocking activity of these new formulations 

was compared with conventional preparations. 

5.4.1 Development of TiO2-loaded NLC 

Many types of TiO2 with different surface coatings are available in the market as it was 

mentioned previously. To incorporate the TiO2 in the lipid matrix of the NLC different types 

of lipophilic nanosized TiO2 pigments were selected and various solid lipids and oils were 

screened for the production of the NLC (Table 5-7). 

 
Table 5-7: The different nanosized TiO2 pigments, solid lipids, oils and surfactants used for the 
development of the TiO2-loaded NLC. 
 

_                               TiO2                               _ 

Trade name Surface coating Size (nm) 
Solid lipid Oil Surfactant 

UV-Titan M 160 
UV-Titan M 170 
UV-Titan X 195 

alumina, stearic acid 
alumina, silicone 

silica, silicon 

17 
14 
14 

Dynasan 118 
Dynasan 114 

cetyl palmitate 
Compritol 888 
carnauba wax 

Miglyol 812 
Decyl oleate 

Tween 80 
PlantaCare 2000 
TegoCare 450 

 

Not all formulations were successful, agglomerates of TiO2 particles were detected in some 

formulations, sediments of agglomerated TiO2 or TiO2 loaded lipid particles as well as phase 

separation occurred. This is mainly due to the affinity between the nanosized TiO2 particles 

from one side and the lipid and the surfactant used from the other side. When the affinity of 

the nanosized TiO2 particles to the surfactant is higher than the affinity to the lipid phase 

(solid lipid-oil blend), the TiO2 particles tend to agglomerate inside the surfactant micelles 

and hence, agglomerates of the TiO2 are formed. Moreover the surfactant is consumed 

forming these micelles and the lipid particles (oil droplets at high temperature) are left 

without a sufficient amount of surfactant. This leads to either larger droplets or insufficiently 

stabilized droplets. Hence, phase separation occurs shortly after homogenization (while the 

emulsion is still hot) or agglomerates of the lipid particles occur after short time (when the 

suspension is in storage). The phase separation was seen in the formulations containing 

Dynasan 114 and Dynasan 118. In these formulations the nanosized TiO2 particles 

agglomerated inside the micelles and the lipid phase was not sufficiently stabilized, hence 

phase separation occurred and it was not even possible to form a stable preemulsion (using 
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ultraturax) to be homogenized. Aggregates of the lipid particles were detected two days after 

production in the formulations containing cetyl palmitate. In this case the nanosized TiO2 

particles were, most likely, on the surface of the lipid particles and this led to particles 

aggregation due to insufficient stabilization. Micronized and nanosized TiO2 coated particles 

can form an interfacial film of densely packed solid particles between the lipid phase and the 

water phase (so called pickering emulsions). This has happened in the case of the cetyl 

palmitate formulations and therefore, the TiO2 particles were on the surface of the lipid 

particles after cooling down the homogenized emulsion. Moreover, these cetyl palmitate 

emulsions had a relatively large particle size and when the emulsions are cooled down the 

suspended lipid particles were bigger that 10 μm and due to their low density (less that the 

density of water) they tended to float. 

Carnauba wax and Compritol 888 were able to be successfully formulated with the nanosized 

TiO2 particles coated with alumina (UV-Titan M 160) and their NLC were physically stable. 

Table 5-8 shows the NLC formulations of these two lipids with different TiO2 loads. 

The lipid phase was heated to about 10°C above the melting point of the lipid and the TiO2 

powder was dispersed in it. Because the TiO2 powders were “ultrafine” (particle size around 

14-17 nm) the handling of these powders was tedious. To avoid agglomeration of the TiO2 

particles in the melted lipid phase, longer time of stirring using a magnet stirrer was necessary 

(around 20 min) to have a very well dispersed particles of TiO2. The surfactant solution was 

added to the lipid phase and the lipid phase was dispersed in the aqueous phase using an 

ultraturax at 10000 rpm. The homogenization conditions were two homogenization cycles and 

800 bar. 

 
Table 5-8: The composition of the TiO2-loaded NLC formulations produced. 
 

Carnauba wax NLC Compritol 888 NLC 
carnauba wax 
decyl oleate 
UV-Titan M 160 
PlantaCare 2000 
water 

10.0 % 
5.0 % 
2.0, 4.0, 6.0 % 
3.0 % 
add 100.0 % 

Compritol 888 
Miglyol 812 
UV-Titan M 160 
PlantaCare 2000 
water 

10.0 % 
5.0 % 
2.0, 4.0 % 
3.0 % 
add 100.0 % 

 

5.4.2 Characterization of TiO2-loaded NLC 

The particle size of the TiO2-loaded NLC was measured one day after production and up to 

six months using PCS and LD (Figure 5-14 and Figure 5-15). After six months no remarkable 

particle size growth was seen. It is noticeable that, the higher the TiO2 loading the bigger is 

the particle size. The increase in the size of the lipid particles can be attributed to the increase 

of the lipid phase viscosity due to the increasing amount of the TiO2 particles suspended in 
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the melted lipid phase. Hence, the energy input during the homogenization process needs to 

be higher to get the same particle size of the NLC with the lower TiO2 loading. By 

maintaining the homogenization conditions constant for all the samples, bigger particle size 

resulted for the formulations with the higher TiO2 loading. 
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Figure 5-14: PCS and LD particle size measurements of the TiO2-loaded NLC at day one. By increasing 
the TiO2-loading the particle size was bigger (n=3). 
 
 

 
Figure 5-15: PCS and LD particle size of the TiO2-loaded NLC after six months. No remarkable increase 
in particle size was seen (n=3). 

d50% d90% d99% PCS

day 1 

carnauba wax Compritol 888 

0

0.5

1

1.5

2

2% TiO2 4% TiO2 6% TiO2 2% TiO2 4% TiO2

LD
 p

ar
tic

le
 d

ia
m

et
er

 [µ
m

]

0

50

100

150

200

250

300

350

400

PC
S 

m
ea

n 
pa

rti
cl

e 
di

am
et

er
 [n

m
]

LD 50% LD 90% LD 99% PCS

Compritol 888 carnauba wax 

month 6 

 135



  Chapter 5: NLC for ultraviolet (UV) radiation protection 

The morphological characterization performed by scanning electron microscopy (SEM) 

confirmed the information obtained from the particle size measurements (Figure 5-16). The 

TiO2-loaded carnauba wax lipid particles are spherical and the mean size of the particles is 

about 1 μm. Figure 5-17 is a zoomed picture where the TiO2 nanoparticles can be seen as 

shiny points inside the lipid particle. 

 

Figure 5-16: SEM picture of TiO2-loaded carnauba 
wax NLC (6% loading). 

Figure 5-17: SEM picture (zoomed) of TiO2-
loaded carnauba wax NLC (6% loading). The 
TiO2 particles can be seen inside the lipid particle. 

3μm 

 
Energy Dispersive X-ray (EDX) analysis was used to identify which elements are actually 

present in the specimen under the electrons probe, which is in this instance the lipid 

nanoparticle in Figure 5-17. The EDX spectrum (Figure 5-18) shows that the TiO2 

nanoparticles are present on the surface of the NLC. The titanium (Ti) and aluminium (Al) 

peaks are coming surely from the TiO2 particles. The Al peak is coming from the alumina 

(Al2O3) coating the nanosized TiO2 particles. 
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Figure 5-18: The EDX spectrum obtained from scanning the lipid nanoparticle in Figure 5-17. 
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5.4.3 UV absorption properties of TiO2-loaded NLC 

The spectral absorption between 400 and 200 nm has been measured for two TiO2-loaded 

NLC (carnauba wax and Compritol 888, 2% TiO2 loading) and a 2% TiO2 nanoemulsion 

(decyl oleate). The particle size of all samples was comparable. All samples were diluted with 

the same dilution factor and the lipid phase concentration was 0.272 μg/ml. Figure 5-19 

shows that the TiO2-loaded carnauba wax NLC formulation has approximately three times 

higher UV absorption than the TiO2-loaded decyl oleate nanoemulsion. The TiO2-loaded 

Compritol 888 NLC formulation has approximately twice higher UV absorption than the 

TiO2-loaded decyl oleate nanoemulsion. 
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Figure 5-19: Absorption spectra of 2% TiO2-loaded carnauba wax NLC, 2% TiO2-loaded Compritiol 888 
NLC and 2% TiO2 decyl oleate nanoemulsion. The UV absorption of the NLC formulations was 
remarkably higher than the UV absorption of the nanoemulsion, lipid phase concentration= 0.272 μg/ml 
(n=3). 
 

The two NLC formulations have a higher UV absorption because of the increase of the UV 

scattering and absorption. This is because of the larger particle sizes in the nanometric scale 

(the NLC particles) enabling to reach upper wavelengths in the UV spectrum. It must be also 

considered that the type of the lipid matrix contributes to obtain a better UV blocking. The 

carnauba wax is partially composed of cinnamates, which by the combination with TiO2 

shows a synergistic effect to improve the UV blocking activity [291]. 
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To study the effect of increasing the TiO2 loading in the lipid matrix of the nanoparticles on 

the UV absorption of the formulation, the spectral absorption of the different TiO2-loaded 

carnauba wax NLC formulations was measured. All samples were diluted with the same 

dilution factor and the lipid phase concentration was about 0.04 μg/ml. A higher spectral 

absorption was measured when the TiO2 loading was increased in the NLC. The formulation 

with 6% TiO2 loading has the highest spectral absorption compared to the 4% TiO2 loading 

and the 2% TiO2 loading. All NLC formulations had a higher spectral absorption than the 

emulsion (Figure 5-20). This is because of the presence of a higher amount of the UV 

absorbing substance per unit weight (TiO2). 
 

0

0.2

0.4

0.6

0.8

1

200 250 300 350 400

wave lenght [nm]

sp
ec

tra
l a

bs
or

pt
io

n

6% TiO2 carnauba wax NLC (343 nm)
4% TiO2 carnauba wax NLC (275 nm)
2% TiO2 carnauba wax NLC (232 nm)
2% TiO2 decyl oleate nanoemulsion (263 nm)

 
Figure 5-20: Absorption spectra of 2%, 4%, 6% TiO2-loaded carnauba wax NLC and a 2% TiO2 decyl 
oleate nanoemulsion. The spectral absorption of the NLC formulations increased as the TiO2 loading 
increased, lipid phase concentration≅ 0.04 μg/ml (n=3). 
 

5.4.4 UV blocking activity of creams containing TiO2-loaded NLC 

The UV blocking activity of four different creams was assessed. These four creams were 

TiO2-loaded carnauba wax NLC creams with 2%, 4% and 6% TiO2 loading in the NLC 

suspension and a 2% TiO2 conventional cream (Table 5-9). This was performed by measuring 

the concentration of a β-carotene solution in a quartz Petri dish covered with 0.3 g evenly 

spread layer of one of these creams. The Petri dishes were exposed to artificial sun light 

containing UV radiation inside an artificial sunlight chamber Suntest (Heraeus GmbH, Hanus, 

Germany) and were eradiated with a radiation intensity of about 830 W/m2 (between 300 and 
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830 nm) for 60 min (see chapter 2). The β-carotene concentration was assessed after 15, 30 

and 60 min of exposure (Figure 5-21). 

 
Table 5-9: The composition of the four creams prepared for the UV blocking activity test (all amounts are 
in % (w/w), “-“ means substance was not added). 
 

 Formulation 
Substance TiO2-loaded NLC cream Conventional cream 

TiO2-loaded NLC 
(TiO2 loading is 2%, 4% or 6% (w/w)) 

10.0 - 

carnauba wax - 10.00 
decyl oleate - 5.00 
PlantaCare 2000 - 3.00 
UV-Titan M 160 - 2.00 
TegoSoft DO 4.00 4.00 
Montanov 202 7.00 7.00 
glycerol 5.00 5.00 
Inutec SP1 0.50 0.50 
water add 100 add 100 

 

The remaining concentration of the β-carotene in the different solutions showed that the TiO2 

-loaded NLC creams had a higher UV blocking activity than the conventional TiO2 cream. 

That was clearly seen after 60 min when the remaining β-carotene concentration of the 2% 

TiO2-loaded NLC cream was approximately three times higher than the remaining β-carotene 

concentration of the conventional TiO2 cream. By increasing the TiO2 concentration in the 

NLC (4% and 6%) a higher β-carotene concentration was measured indicating a higher UV 

blocking activity. 
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Figure 5-21: The remaining concentration of β-carotene after 15, 30 and 60 min of exposure to the 
artificial sun light (n=3). 
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Figure 5-22 shows the cuvettes filled with β-carotene solution to be analysed 

spectrophotometrically after 60 min exposure to artificial sun light. 

 

 

 

6% TiO2 
NLC cream 

4% TiO2 
NLC cream 

2% TiO2 
NLC cream 

2% TiO2 
cream 

Figure 5-22: Four cuvettes containing β-carotene solution collected from four different Petri dishes after 
60 min exposure to the artificial sun light. 
 

5.4.5 Conclusion 

TiO2, as inorganic UV blocker, could be successfully incorporated in NLC formulations. 

Enclosing TiO2 in NLC increased the UV blocking activity of this blocker. This will give a 

chance to reduce the concentration of the TiO2 in the finished products while maintaining the 

desired high UV blocking activity. Using lower concentrations of TiO2 and having it enclosed 

in the lipid matrix of the NLC will prevent or at least minimize the possible skin penetration. 

Also because the TiO2 is enclosed inside the NLC it can be formulated with organic UV 

blockers in the oil droplets of the cream or lotion without having the possibility of losing the 

organic UV blockers activity due to the direct interaction between the TiO2 and the these 

blockers. 

 



 

 

 

 142



  Chapter 6: Perfume-loaded NLC 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

6 PERFUME-LOADED NLC 
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6.1 Introduction 

A perfume is a mixture of fragrant essential oils (etheric oils) and aroma compounds, fixatives 

and solvents used to give the human body, objects and spaces a pleasant smell [301]. In many 

applications of perfumes it is desired to have a prolonged release. From ethanolic solutions 

(eau de toilettes) the ethanol evaporates very fast, the perfume oil remaining on the skin also 

evaporates relatively fast as a function of its vapor pressure. One approach to obtain a 

prolonged release of perfumes is to incorporate them into oils and emulsions. After 

evaporation of the water phase of the emulsion, the oil droplets containing the perfume remain 

on the skin. In contrast to ethanol, the oil (e.g. olive oil, castor oil) has a very low vapor 

pressure (around 0 kPa at 20ºC). Therefore the oil droplets remain on the skin, and the 

evaporation of the perfume is hindered. This can be explained by Raoult’s law which gives an 

approximation to the vapor pressure of mixtures of liquids. It states that the vapor pressure of 

a single phase mixture is equal to the mole fraction weighted sum of the components vapor 

pressures: 

 

bbaaba xpxpP +=+  

 

where p is the vapor pressure and x is the mole fraction. 

 

The term p xi i is the vapor pressure of a component i in the mixture. Raoult's Law is applicable 

only to non-electrolytes (uncharged species) and it is most appropriate for non-polar 

molecules with only weak intermolecular attractions, which is the case with perfumes and oils 

[302]. The perfume molecules need to diffuse first through the oil phase before they evaporate 

into the air. Figure 6-1 (left and middle) shows schematically the mechanisms of perfume 

evaporation from an ethanolic solution and from an emulsion. The rate-controlling factor of 

perfume release from emulsions is the vapor pressure of the oil. Thus, by decreasing the oil 

vapor pressure, the release can be prolonged. Ideally the liquid oil is replaced by a lipid, 

which is solid at room temperature and also at skin temperature. This was set forth in the 

concept of the NLC. The liquid lipid (oil) of o/w emulsions was replaced by a lipid blend, 

leading to nanoparticles which have a solid matrix at room temperature. The solid state of the 

matrix where the perfume is enclosed should theoretically lead to a further slower release in 

compare to emulsions (Figure 6-1 right), presumed the NLC structure is a solid matrix one. 

 

 144



  Chapter 6: Perfume-loaded NLC 

 
Figure 6-1: Mechanisms of evaporation of perfume from an eau de toilette, an o/w emulsion droplet and 
NLC (from left to right). 

→ evaporation of perfume 
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Former trials have been performed to incorporate volatile substances (perfumes, insects 

repellents) in solid lipid nanoparticles or nanostructured lipid carriers and their release from 

these matrices has been investigated [30, 90, 303, 304]. The sustainability of the perfume 

depends on many factors that have been further studied in this part of the work. 

6.2 Development of perfume-loaded NLC 

Many formulations were produced to monitor the different factors that might affect the 

stability of the formulation and the release profile of the perfume. Different solid lipids, 

surfactants (TegoCare 450, PlantaCare 2000 and Tween 80) and perfumes (CA, CT and 

Kenzo) were required for this study. 

6.2.1 Lipid screening 

The lipid screening was performed as described in chapter 2. More than ten solid lipids have 

been screened to determine which lipid has the highest perfume incorporation capacity 

(perfume CA). Turbidity or immiscibility of the melted solid lipid/perfume mixture indicated 

that the solid lipid is not suitable for perfume incorporation. After that the lipid/perfume 

mixtures were cooled down and the hardness of these solidified mixtures was investigated 

along with the inclusion of the perfume inside the lipid matrix. That was performed by simply 

putting a piece of the solidified mixture on a filter paper and observing if any oily spot is 

formed. Absence of oil means good inclusion of the perfume. Some screened lipids were 

chosen for a further lipid screening with higher amounts of perfume. Table 6-1 contains the 

lipids which have been screened. 
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Concerning the perfumes CT and Kenzo, the lipid screening was performed with the lipids of 

concern. Apifil showed a very good inclusion for both perfumes, while the lipid carnauba wax 

showed a lower inclusion for the perfume Kenzo. 

 
Table 6-1: Lipid screening results of some solid lipids with different concentrations of the perfume CA. 
 

Lipid % Perfume Miscibility with melted lipid Filter paper test 
 
 

Apifil 
 
 

5 
10 
20 
30 
40 

miscible 
miscible 
miscible 
miscible 
miscible 

no spot 
no spot 
no spot 
no spot 
no spot 

Atowax 5 miscible no spot 
Bees wax 5 miscible no spot 

Compritol ATO 888 
 

 

5 
10 
20 
30 
40 

miscible 
miscible 
miscible 
miscible 
miscible 

no spot 
no spot 
no spot 

spot 
spot 

Dynasan 114 5 miscible no spot 
 
 

Dynasan 116 
 
 

5 
10 
20 
30 
40 

miscible 
miscible 
miscible 
miscible 
miscible 

no spot 
no spot 
no spot 
no spot 

spot 
Dynasan 118 5 miscible no spot 

Hydrine 5 immiscible spot 
Imwitor 900 5 miscible no spot 

Precifac ATO 
 
 

5 
10 
20 
30 
40 

miscible 
miscible 
miscible 
miscible 
miscible 

no spot 
no spot 
no spot 
no spot 

spot 
Syncrowax 5 miscible no spot 

Witepsol  S 58 5 turbid spot 
 

6.2.2 Production of perfume-loaded NLC 

Production was performed as described in chapter 2. Homogenization was performed at 5°C 

above the melting point of the solid lipid applying two homogenization cycles at 800 bars 

(unless otherwise mentioned). To prevent perfume loss through fast volatilization (due to high 

temperature of the lipid melt) the perfume was added just before homogenization when the 

lipid melt reached the required temperature. The same procedure was followed with all the 

perfumes used. 
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6.3 Characterization of perfume-loaded NLC 

The shape and the physical properties of the perfume-loaded NLC have a great influence on 

the perfume release. Therefore, the following methods have been utilized to characterize the 

produced NLC suspensions. 

6.3.1 Light microscopy (LM) 

All produced samples were examined by light microscopy to determine roughly the particles 

size and most important to detect any presence of crystals. The samples that showed lipid 

crystals were excluded and no further measurements were performed. The four following 

figures show exemplarily some of the samples investigated. 

 

 
Figure 6-2: LM picture of NLC (Compritol ATO 
888, CA). Crystals of the lipid could be detected 
after 30 days of storage at RT (magnification 
63X10). 

Figure 6-3: LM picture of NLC (Witepsol S 58, 
CA). Crystals of the lipid could be already detected 
after 15 days of storage at RT (magnification 
63X10). 

 
Figure 6-4: LM picture of NLC (Apifil, CA) (2% 
(w/w) CA). No crystals could be detected after three 
months of storage at RT. Lipid particles size is 
below 1 µm (magnification 100X10). 

 
Figure 6-5: LM picture of NLC (Dynasan 116, CA) 
(2% (w/w) CA). No crystals could be detected after 
three months of storage at RT. Lipid particles size 
is below 3µm (magnification 100X10). 

50µm 50µm 

10µm 10µm 
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In the first two figures lipid crystals can be clearly seen. The appearance of these crystals 

might be because of the formation of the more stable β-modification of the solid lipid during 

the storage time. The other two figures show the perfume-loaded NLC which are 

homogeneous in particle size and contain no crystals. 

6.3.2 Scanning electron microscopy (SEM) 

As described in chapter 2, some selected perfume-loaded NLC samples were investigated 

using SEM. Figure 6-6 shows some lipid particles of a diameter between 1-2 µm produced 

using the lipid Precifac ATO 888 and loaded with the perfume CA (2% (w/w)). The smaller 

particles were melted and could be seen as dark spots due to the high temperature generated 

by the electrons beam focused on the sample. Because of this phenomenon higher 

magnification pictures could not be made for the NLC samples produced using relatively low 

melting point lipids. 

 

 
Figure 6-6: Electron microscopy picture of NLC (Precifac ATO 888, CA). Lipid particles of 2 µm size can 
be clearly seen. The dark spots are the smaller lipid particles which have melted by the heat generated 
from the electrons beam. 
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6.3.3 Particle size investigation 

The particle size of the produced perfume-loaded NLC samples was measured using LD and 

PCS as described in chapter 2. 

6.3.4 DSC analysis 

The produced perfume-loaded NLC formulations were also analysed using DSC to determine 

the melting point and the recrystallization index (RI) of the lipid matrix of the nanoparticles. 

The samples listed below (Table 6-2) were analysed using DSC on day 1 and after 10 weeks 

(Table 6-3). An unchanged melting point and RI during storage prove the physical stability of 

the NLC (samples containing Precifac ATO 888 and Dynasan 116). The melting point and RI 

of the two samples produced using Apifil and TegoCare 450 or Tween 80 increased after ten 

weeks. This indicates changes in the lipid matrix to the more stable lipid polymorph (β-

modification). This might cause changes in the perfume release profile. 

 
Table 6-2: The composition of the perfume-loaded NLC samples analysed using DSC. 
 

Sample name Composition % (w/w) 
Precifac ATO 888 8.8% 
Miglyol 812 1.0% 
CA 0.2% 
TegoCare450 3.0% 

 
 

Precifac TegoCare 

water 87.0% 
Precifac ATO 888 8.8% 
Miglyol 812 1.0% 
CA 0.2% 
Tween 80 3.0% 

 
 

Precifac Tween 

water 87.0% 
Dynasan 116 8.8% 
Miglyol 812 1.0% 
CA 0.2% 
TegoCare450 3.0% 

 
 

Dynasan TegoCare 

water 87.0% 
Dynasan 116 8.8% 
Miglyol 812 1.0% 
CA 0.2% 
Tween 80 3.0% 

 
 

Dynasan Tween 
 
 water 87.0% 

Apifil 12.0% 
CA 2.0% 
TegoCare450 1.2% 

 
Apifil TegoCare 

CA 
water 84.8% 
Apifil 13.0% 
CA 2.0% 
Tween 80 1.2% 

 

Apifil Tween 
CA water 84.8% 
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Table 6-3: The DSC analysis results of three bulk solid lipids and the perfume-loaded NLC samples 
produced using these lipids. 
 

Sample name  Measurement 
point 

Onset 
ºC 

Melting point 
ºC 

Enthalpy 
J/g 

Recrystallization 
index % 

day 1 48.0 52.0 222 100 Precifac ATO 888 bulk 
lipid week 10 47.9 52.1 227 100 

day 1 62.0 63.0 194 100 Dynasan 116 
bulk lipid week 10 62.1 63.0 191 100 

day 1 59.0 70.0 127 100 Apifil 
bulk lipid week 10 59.2 70.2 126 100 

day 1 41.3 46.1 99 53  

Precifac TegoCare week 10 40.9 46.4 94 51 
day 1 42.2 46.1 21 11  

Precifac Tween week 10 42.1 46.6 53 28 
day 1 52.3 59.6 132 54  

Dynasan TegoCare week 10 52.6 59.3 133 54 
day 1 54.9 57.6 18 7  

Dynasan Tween week 10 54.9 57.6 43 18 
day 1 37.1 55.5 69 23  

Apifil TegoCare CA week 10 36.2 57.3 148 50 
day 1 36.1 51.9 75 25  

Apifil Tween CA week 10 50.2 55.4 94 32 
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6.4 Stability of perfume-loaded NLC 

The stability of the perfume-loaded NLC was monitored by assessing the physical appearance 

of the suspensions (by eye and light microscopy), measuring the particle size after definite 

periods of time using LD and PCS and by investigating the crystallization using DSC. 

Some samples were stable over a year. Others showed an increase in viscosity and their 

consistency became gel-like, this was coupled with a significant increase in the 

recrystallization index. A simple explanation is that the lipids of these unstable samples were 

transforming from the metastable crystal modification to the stable one, causing the particle 

size to grow and the viscosity to increase [214]. For instance, the sample produced using 

Apifil as solid lipid, the perfume CA and TegoCare 450 as surfactant (Apifil TegoCare) 

showed a change in viscosity after ten weeks, and an increase in particle size along with the 

increase in RI (from 23% to 50%) (c.f. 6.3). 

6.5 Factors affecting the perfume release 

The release study was performed as described in chapter 2 to compare the capacity of 

different samples to retain the perfume incorporated for a longer time and release it slowly 

from the lipid matrix of the nanoparticles. Reference emulsions were also produced to 

compare the NLC samples with them concerning the release profile of the incorporated 

perfume. Many factors that could affect the release profile of the perfume from the NLC 

system were considered during this study. The effect of the particle size, the lipid matrix, the 

surfactant, the perfume concentration in the lipid matrix and the perfume type were studied. 

6.5.1 Particle size 

The particle size of a colloidal system (e.g. NLC) is a crucial factor for the release of the 

material(s) incorporated inside the particles. The perfume-loaded NLC matrix is considered to 

be a solid solution. This makes Higuchi equation ideal for the description of the perfume 

release from the system [305-309]. In Higuchi equation the released amount per unit surface 

area is proportional to the square-root time, and expressed as: 

 
tCCDQ s )( 0 −=      eq.1 

 
AmQ t /=      eq.2 

 
Where Q is the amount of incorporated perfume released after time t per unit of exposed area 

A, D is the diffusion coefficient of the perfume in the permeating fluid, C0 is the initial 

 151



  Chapter 6: Perfume-loaded NLC 

amount of perfume in the matrix per unit volume, Cs is the solubility of the perfume in the 

permeating fluid, mt is the amount of perfume released after time t and A is the surface area of 

the matrix exposed to the fluid. 

 
0.% Crelmt =      eq.3 

 
From eq.1, eq.2 and eq.3 the % released can be expressed as: 

 

tCCD
C
Arel s )(% 0

0

−=     eq.4 

 
The surface area of a sphere is expressed as: 
 

24 rA π=      eq.5 
 
where r is the sphere radius. 
 
The volume of a sphere is expressed as: 
 

3

3
4 rV π=      eq.6 

 
From eq.5: 

2

4
rA π=      eq.7 

 
From eq.6: 
 

2

4
3 r

r
V π=      eq.8 

That leads to: 
 

r
VA 3

=      eq.9 

Because V is constant for a given amount of lipid in the formulation 
 

r
KA 1

1=      eq.10 

 
That means when the particle size decreases, the total surface area of the particles increases. 
 
From eq.4 the slope of the release line is expressed as: 
 

)( 0
0

sCCD
C
ASlope −=     eq.11 

 
In other words: 
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AKSlope 2=      eq.12 

 
From eq.10 the slope can be expressed as: 
 

r
KSlope 1

=      eq.13 

 
It means when the particle size decreases, the slope of the release line will increase, in other 

words the smaller the particles, the faster the release. 

 

 

Three samples were chosen to investigate the role of the particle size on the release profile. 

These samples and their PCS mean particle sizes were as follow: L (263 nm), M (200 nm) and 

S (190 nm). All samples had the same lipid, lipid concentration, perfume load and surfactant 

type and concentration (Table 6-4). The difference between them was only the particle size. 

This was achieved by using different homogenization pressures during the production. The 

release of the perfume from these three samples was plotted against time and against the 

square root of time (Figure 6-7 and Figure 6-8 respectively). The slopes and R2 of the release 

lines plotted against the square root of time were also calculated (Table 6-5). From Figure 6-8 

it can be clearly seen that the release of the perfume follows Higuchi equation for release 

from a matrix. This is because the relation between the % released and the square root of time 

is linear. Also it can be concluded that the smaller the particle size the faster the release of the 

perfume from the matrix of the lipid particles. This is confirmed by the slopes of the different 

release graphs. The slope of the release line increases as the particle size decreases. 
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Table 6-4: The composition and the particle size of the perfume-loaded NLC samples used to study the 
effect of the particle size on the release profile. 
 

Sample name Composition % (w/w) Particle size analysis 
Apifil 13.0% PCS (nm) 190 ± 1 

CA 2.0% PI 0.14 ± 0.00 

TegoCare450 1.2% d 50% (μm) 0.120 ± 0.007 

water 83.8% d 90% (μm) 0.310 ± 0.006 

  d 95% (μm) 0.374 ± 0.004 

 
 

S 

  d 99% (μm) 0.476 ± 0.003 

Apifil 13.0% PCS (nm) 200 ± 3 

CA 2.0% PI 0.14 ± 0.00 

TegoCare450 1.2% d 50% (μm) 0.120 ± 0.007 

water 83.8% d 90% (μm) 0.310 ± 0.006 

  d 95% (μm) 0.374 ± 0.004 

 
 

M 

  d 99% (μm) 0.476 ± 0.003 

Apifil 13.0% PCS (nm) 263 ± 3 

CA 2.0% PI 0.18 ± 0.00 

TegoCare450 1.2% d 50% (μm) 0.230 ± 0.004 

water 83.8% d 90% (μm) 0.457 ± 0.017 

  d 95% (μm) 2.704 ± 2.111 

 
 

L 

  d 99% (μm) 32.603 ± 9.037 

 
 
Table 6-5: .The release lines equations, slopes and R2 of the perfume-loaded NLC formulas with different 
particle size plotted against the square root of time. 
 

Sample Equation Slope R2
 

Pf14c L y=2.04x – 0.26 2.04 0.9996 
Pf14c M y=2.15x + 0.059 2.15 0.9953 
Pf14c S y=2.45x + 0.21 2.45 0.9987 
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Figure 6-7: The release profiles of three perfume-loaded NLC samples having different particle size and 
produced using Apifil as solid lipid, CA as perfume and TegoCare 450 as surfactant (n=3). 
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Figure 6-8: The Higuchi plot of the release profiles of three perfume-loaded NLC samples having different 
particle size and produced using Apifil, the perfume CA and TegoCare 450 as surfactant (n=3). The % 
releases is plotted against the square root of time. 
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6.5.2 Lipid matrix 

Different lipid matrices lead to different release profiles. The lipids have different crystals 

order and crystallization modification, different melting points and different hydrophilic 

lipophilic balance (HLB) values, e.g. Apifil HLB = 9.4, Compritol 888 HLB = 2 [130, 144]. 

This makes the affinity of the perfume to be entrapped within the lipid matrix different from 

one lipid to another. A release study comparing between different perfume-loaded NLC 

formulations made from three different lipids (Apifil, Dynasan 116 and Precifac ATO 888) 

was performed. The particle size of the different samples was comparable (Table 6-6). Figure 

6-9 shows that by changing the lipid (while maintaining the other factors constant) the release 

profile of the perfume from the NLC system changes. 

 
Table 6-6: The composition and the particle size of the perfume-loaded NLC samples used to study the 
effect of the lipid matrix and the surfactant type on the release profile. 

Sample name Composition % (w/w) Particle size analysis 
Dynasan 116 8.8% PCS (nm) 243 ± 4 

Miglyol 812 1.0% PI 0.15 ± 0.06 

CA 0.2% d 50% (μm) 0.170 ± 0.091 

TegoCare450 3.0% d 90% (μm) 0.409 ± 0.037 

water 87.0% d 95% (μm) 0.459 ± 0.041 

 
 

Dynasan TegoCare 

  d 99% (μm) 0.548 ± 0.050 

Dynasan 116 8.8% PCS (nm) 177 ± 14 

Miglyol 812 1.0% PI 0.28 ± 0.10 

CA 0.2% d 50% (μm) 0.105 ± 0.001 

Tween 80 3.0% d 90% (μm) 0.205 ± 0.008 

water 87.0% d 95% (μm) 0.274 ± 0.024 

 
 

Dynasan Tween 

  d 99% (μm) 0.731 ± 0.330 

Precifac ATO 888 8.8% PCS (nm) 216 ± 4 

Miglyol 812 1.0% PI 0.16 ± 0.05 

CA 0.2% d 50% (μm) 0.181 ± 0.004 

TegoCare450 3.0% d 90% (μm) 0.388 ± 0.002 

water 87.0% d 95% (μm) 0.455 ± 0.003 

 
 

Precifac TegoCare 

  d 99% (μm) 0.584 ± 0.008 

Precifac ATO 888 8.8% PCS (nm) 179 ± 6 

Miglyol 812 1.0% PI 0.17 ± 0.04 

CA 0.2% d 50% (μm) 0.144 ± 0.000 

Tween 80 3.0% d 90% (μm) 0.968 ± 0.034 

water 87.0% d 95% (μm) 8.201 ± 0.103 

 
 

Precifac Tween 

  d 99% (μm) 24.370 ± 0.378 

Apifil 8.8% PCS (nm) 269 ± 6 

Miglyol 812 1.0% PI 0.23 ± 0.04 

CA 0.2% d 50% (μm) 0.534 ± 0.009 

TegoCare450 3.0% d 90% (μm) 2.029 ± 0.007 

water 87.0% d 95% (μm) 2.256 ± 0.011 

 
 

Apifil TegoCare 

  d 99% (μm) 2.585 ± 0.011 
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Figure 6-9: The release profiles of three perfume-loaded NLC samples with different lipid matrices. The 
NLC samples are produced using different solid lipids while keeping the same perfume (CA) and 
surfactant (TegoCare 450) (n=3). 
 

6.5.3 Surfactant 

Surfactants as they are used to stabilize the particles in the dispersion media (or emulsify the 

oil in water) may affect the structure of the lipid nanoparticles. This happens because of the 

interaction between the emulsifying agent molecules and the lipid molecules. Depending on 

the HLB of the surfactant and the molecular weight of the surfactant molecules, the affinity of 

the surfactant to the lipid differs. Having the surfactant molecules embedded in the lipid 

matrix might dramatically affect the crystallization of the lipid, and leave spaces in the lipid 

lattice. These spaces will give rise to higher loading capacity of perfume, incorporation in 

imperfections inside the particle matrix and eventually a slower release profile. Moreover, the 

ability of the surfactant to stabilize the oil droplets (in the lipid melted state during 

homogenization) and form smaller NLCs gives the surfactant also a role through the size of 

the formed lipid particles. Figure 6-10 shows the change in the release profile of the perfume 

when the surfactant is changed (detailed composition and particle size in Table 6-6). The 

Tween 80 stabilised samples had a slower release than the TegoCare 450 samples. The 

samples produced using TegoCare 450 as surfactant (Precifac TegoCare and Dynasan 

TegoCare) have a significantly higher recrystallization index in comparison to the samples 

produced using Tween 80 (Precifac Tween and Dynasan Tween), comparing the samples 

containing the same solid lipid with each other, c.f. Table 6-3. This indicates that the crystals 
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of the lipid matrix of the first two samples (with TegoCare 450) are more ordered and leaving 

less spaces in between. Therefore, the incorporated perfume is less enclosed and is faster 

released from the matrix of the particles. 
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Figure 6-10: The release profiles of four perfume-loaded NLC samples (perfume CA) made using Precifac 
ATO 888 and Dynasan 116 as solid lipids and TegoCare 450 and Tween 80 as surfactants (n=3). 
 

6.5.4 Perfume loading 

Perfume loading might affect the release profile. It depends on the affinity of the perfume to 

mix with the lipid and be enclosed in the matrix. It can be seen clearly by comparing the 

samples produced using the perfume Kenzo and the two lipids Apifil and carnauba wax. Table 

6-7 shows the detailed composition and the particle size of the different samples. With Apifil 

a slower perfume release was achieved by decreasing the perfume concentration in the lipid 

phase (Figure 6-11). While with carnauba wax the release rate was the same in all the samples 

with different perfume loading (Figure 6-12). 

This is because the perfume was not enclosed in the carnauba wax lipid matrix while it was 

very well incorporated in the Apifil. When the perfume enclosing capacity of Apifil was 

exceeded a faster release of the perfume occurred. In the carnauba wax NLC samples the 

perfume was already outside the lipid matrix, and changing the concentration did not change 

the release profile. 
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Table 6-7: The composition and the particle size of the perfume-loaded NLC samples used to study the 
effect of the perfume loading on the release profile. 
 

Sample name Composition % (w/w) Particle size analysis 
Apifil 13.0% PCS (nm) 182 ± 2 

Kenzo 2.0% PI 0.23 ± 0.04 

TegoCare450 1.5% d 50% (μm) 0.120 ± 0.000 

water 83.5% d 90% (μm) 0.214 ± 0.001 

  d 95% (μm) 0.246 ± 0.002 

 
 

Apifil  
Kenzo 2% 

  d 99% (μm) 0.303 ± 0.005 

Apifil 11.0% PCS (nm) 180 ± 3 

Kenzo 4.0% PI 0.20 ± 0.04 

TegoCare450 1.5% d 50% (μm) 0.126 ± 0.001 

water 83.5% d 90% (μm) 0.256 ± 0.010 

  d 95% (μm) 0.393 ± 0.007 

 
 

Apifil  
Kenzo 4% 

  d 99% (μm) 1.405 ± 0.017 

Apifil 7.0% PCS (nm) 193 ± 4 

Kenzo 8.0% PI 0.19 ± 0.04 

TegoCare450 1.5% d 50% (μm) 0.130 ± 0.002 

water 83.5% d 90% (μm) 0.293 ± 0.004 

  d 95% (μm) 0.482 ± 0.005 

 
 

Apifil  
Kenzo8% 

  d 99% (μm) 1.561 ± 0.001 

Apifil 5.0% PCS (nm) 195 ± 4 

Kenzo 10.0% PI 0.20 ± 0.03 

TegoCare450 1.5% d 50% (μm) 0.134 ± 0.001 

water 83.5% d 90% (μm) 0.217 ± 0.004 

  d 95% (μm) 0.242 ± 0.007 

 
 

Apifil  
Kenzo 10% 

  d 99% (μm) 0.285 ± 0.097 

carnauba wax 13.0% PCS (nm) 743 ± 50 

Kenzo 2.0% PI 0.70 ± 0.32 

TegoCare450 1.5% d 50% (μm) 4.275 ± 0.142 

water 83.5% d 90% (μm) 7.686 ± 0.226 

  d 95% (μm) 8.703 ± 0.214 

 
 

Carnauba wax 
Kenzo 2% 

  d 99% (μm) 10.453 ± 0.239 

carnauba wax 11.0% PCS (nm) 605 ± 35 

Kenzo 4.0% PI 0.45 ± 0.27 

TegoCare450 1.5% d 50% (μm) 3.636 ± 0.089 

water 83.5% d 90% (μm) 7.414 ± 0.182 

  d 95% (μm) 10.051 ± 0.415 

 
 

Carnauba wax 
Kenzo 4% 

  d 99% (μm) 22.980 ± 0.885 

carnauba wax 7.0% PCS (nm) 434 ± 98 

Kenzo 8.0% PI 0.80 ± 0.25 

TegoCare450 1.5% d 50% (μm) 7.599 ± 0.113 

water 83.5% d 90% (μm) 247.50 ± 15.98 

  d 95% (μm) 316.15 ± 30.05 

 
 

Carnauba wax  
Kenzo8% 

  d 99% (μm) 456.35 ± 27.65 

carnauba wax 5.0% PCS (nm) 275 ± 6 

Kenzo 10.0% PI 0.15 ± 0.04 

TegoCare450 1.5% d 50% (μm) 0.293 ± 0.001 

water 83.5% d 90% (μm) 0.700 ± 0.004 

  d 95% (μm) 1.458 ± 0.007 

 
 

Carnauba wax  
Kenzo 10% 

  d 99% (μm) 2.120 ± 0.097 
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Figure 6-11: The release profiles of four perfume-loaded NLC samples produced using Apifil as solid lipid 
and the perfume Kenzo with different perfume loads (2, 4, 8 and 10% (w/w)) (n=3). 
 

 

 
Figure 6-12: The release profiles of four perfume-loaded NLC samples produced using carnauba wax as 
solid lipid and the perfume Kenzo with different perfume loads (2, 4, 8 and 10% (w/w)) (n=3). 
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6.5.5 Perfume type 

The perfume type affects the release profile because with the different compositions of 

perfumes there are different affinities to the lipid matrix. But in the studies performed in this 

work no differences were noticed when the perfume was changed. Figure 6-13 and Figure 

6-14 show the release profile of the perfumes CA and CT from the same formulations. The 

perfume concentration was always 2% (w/w). Table 6-8 shows the detailed composition and 

the particle size of the different samples. 

 
Table 6-8: The composition and the particle size of the perfume-loaded NLC samples used to study the 
effect of the perfume type on the release profile. 
 

Sample name Composition % (w/w) Particle size analysis 
Dynasan 116 12.0% PCS (nm) 444 ± 6 

CA 2.0% PI 0.29 ± 0.05 

Tween 80 3.0% d 50% (μm) 0.271 ± 0.002 

water 83.0% d 90% (μm) 0.449 ± 0.005 

  d 95% (μm) 0.497 ± 0.008 

 
 

Dynasan Tween 
CA 

  d 99% (μm) 0.587 ± 0.010 

Dynasan 116 13.0% PCS (nm) 248 ± 4 

CT 2.0% PI 0.26 ± 0.16 

Tween 80 3.0% d 50% (μm) 0.143 ± 0.001 

water 83.0% d 90% (μm) 0.383 ± 0.003 

  d 95% (μm) 0.425 ± 0.003 

 
 

Dynasan Tween 
CT 

  d 99% (μm) 0.493 ± 0.001 

Precifac ATO 12.0% PCS (nm) 450 ± 4 

CA 2.0% PI 0.16 ± 0.03 

Tween 80 3.0% d 50% (μm) 0.235 ± 0.003 

water 83.0% d 90% (μm) 0.419 ± 0.003 

  d 95% (μm) 0.466 ± 0.003 

 
 

Precifac Tween 
CA 

  d 99% (μm) 0.548 ± 0.004 

Precifac ATO 13.0% PCS (nm) 334 ± 11 

CT 2.0% PI 0.18 ± 0.03 

Tween 80 3.0% d 50% (μm) 0.229 ± 0.004 

water 83.0% d 90% (μm) 0.432 ± 0.002 

  d 95% (μm) 0.486 ± 0.001 

 
 

Precifac Tween 
CT 

  d 99% (μm) 0.585 ± 0.001 

Apifil 12.0% PCS (nm) 250 ± 1 

CA 2.0% PI 0.30 ± 0.05 

TegoCare450 1.2% d 50% (μm) 0.120 ± 0.007 

water 84.8% d 90% (μm) 0.310 ± 0.006 

  d 95% (μm) 0.374 ± 0.004 

 
 

Apifil TegoCare 
CA 

  d 99% (μm) 0.476 ± 0.003 

Apifil 13.0% PCS (nm) 248 ± 6 

CT 2.0% PI 0.30 ± 0.26 

TegoCare450 1.2% d 50% (μm) 0.215 ± 0.002 

water 84.8% d 90% (μm) 0.418 ± 0.007 

  d 95% (μm) 0.469 ± 0.011 

 
 

Apifil TegoCare 
CT 

  d 99% (μm) 0.553 ± 0.021 
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Figure 6-13: The release profiles of three different perfume loaded NLC samples produced using the 
perfume CA (n=3).  
 

 

 
Figure 6-14: The release profiles of three different perfume-loaded NLC samples produced using the 
perfume CT (n=3). 
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6.6 Positively charged perfume-loaded NLC 

Preparing positively charged perfume-loaded NLC has the advantage that the nanoparticles 

can adhere to the biological surfaces like hair and skin, as well as to textiles [310]. These 

charged particles can be admixed to shampoos, body care preparations and even to washing 

materials and softeners to have a more sustainable perfume after using these preparations. In 

this part of the work two formulations were produced containing different positively charged 

surfactants: Kenzo 1 and Kenzo 2 (Table 6-9). These formulas were admixed to a smell-

neutral fabric softener and tested for the perfume sustainability. 

 
Table 6-9: The composition and the particle size of the positively charged perfume-loaded NLC samples. 
 

Sample name Composition % (w/w) Particle size analysis 
Apifil 11.5% PCS (nm) 102 ± 1 

Kenzo 12.0% PI 0.14 ± 0.00 

TegoCare 450 2.0% d 50% (μm) 0.100 ± 0.001 

PlantaCare 2000 1.0% d 90% (μm) 0.205 ± 0.008 

Maquat BTMC 85% 1.0% d 95% (μm) 0.274 ± 0.024 

 
 

Kenzo 1 

water 73.05% d 99% (μm) 0.631 ± 0.330 

Apifil 11.5% PCS (nm) 101 ± 1 

Kenzo 12.0% PI 0.16 ± 0.00 

TegoCare 450 2.0% d 50% (μm) 0.110 ± 0.001 

PlantaCare 2000 1.0% d 90% (μm) 0.200 ± 0.010 

Maquat SC 18 1.0% d 95% (μm) 0.300 ± 0.020 

 
 

Kenzo 2 

water 73.05% d 99% (μm) 0.651 ± 0.230 

 

The measured zeta potential of these two formulations confirmed that they have a positive 

charge. The zeta potenitail of Kenzo 1 and Kenzo 2 formulations was +60.3 ± 2 and +65.6 ± 3 

respectively. This positive charge is due to the use of the cationic surfactants Maquat BTMC 

85% and Maquat SC 18. 
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6.6.1 Panel’s nose test 

Four different formulas were tested to determine the sustainability of the perfume Kenzo 

using the positively charged NLC as a carrier system. The different samples were fabric 

softeners perfumed with either Kenzo perfume, Kenzo NLC 1, Kenzo NLC 2 or Kenzo 

cyclodextrin complex. The amount of the perfume loading in all samples was the same (2% 

(w/w)). The intensity of the perfume was assessed after 3, 6, 18, 24, 28 and 48 hrs (Figure 

6-15). Each sample was tested three times (n=3). During the test period the intensity of the 

perfume was higher in the towels treated with the softeners containing the perfume-loaded 

NLC (both Kenzo NLC 1 and Kenzo NLC 2). The cyclodextrin perfume complex and the 

control showed less perfume intensities than the NLCs. After 28 hrs most of the perfume odor 

was gone from all the towels. 
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Figure 6-15: Panel’s nose test results, the intensity of the perfume was assessed after 3, 6, 18, 24, 28 and 48 
hrs. During the test period the intensity of the perfume was higher in the towels treated with the softeners 
containing the perfume-loaded NLC, (n=3). 
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6.6.2 Solid phase microextraction (SPME) test 

Three samples were taken from each towel prepared for the panel’s nose test (c.f. 6.6.1) and 

were analyzed using SPME. Figure 6-16 shows the spectra obtained. 

 

 
Figure 6-16: The SPME spectra of the control Kenzo fabric softener, two Kenzo-loaded NLC softeners 
and cyclodextrin-Kenzo complex softener. 

control 
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NLC Kenzo2 
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From the SPME spectra perfume-loaded NLC made slight improvement on substantivity 

compared to the controls (free perfume and cyclodextrin complex). The perfume-loaded NLC 

failed to control the release of the volatile components of the perfume Kenzo (e.g. d-

limonene, linalool) which have very poor substantivity. But they showed good control of the 

release of the heavy components (e.g. benzyl benzoate and galaxolide). 
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6.7 Conclusion 

Technically, the incorporation of perfumes in NLC is possible. Many factors should be taken 

into consideration to produce a formulation that has a perfume prolonged release profile. It 

was found that the interaction between the perfume and the solid lipid is the essential factor. 

When the perfume was enclosed in the solid lipid matrix a slower release of the perfume from 

the lipid matrix of the NLC was achieved. This release follows Higuchi equation for release 

from a solid matrix. Fine tuning of the release profile could be achieved by controlling the 

particle size and by changing the type of lipid and surfactant used. Smaller particle sizes gave 

faster perfume release. Positively charged NLC were successfully produced and the positive 

charge maintained the NLC on the fabrics for a prolonged perfume release. 
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7.1 Summary 

The present work concentrates on the development of nanostructured lipid carriers (NLC) for 

dermal application. It also shows the advantages of using the NLC in dermal and personal 

care formulations and studies the factors that affect these advantages. 

 

Production optimization of NLC 

The optimal NLC production conditions were 2 homogenization cycles, 800 bar 

homogenization pressure and a homogenization temperature about 10°C above the melting 

point of the solid lipid. Increasing the surfactant concentration led to a decrease in the particle 

size. On the other hand, the particle size did not noticeably decrease when the concentration 

of the surfactant was over 2%. Moreover, excessive amount of surfactant led to foam 

formation during homogenization. After homogenization the formulations were cooled down 

using a 15°C water bath. 

 

NLC as a carrier system for chemically labile actives 

Coenzyme Q 10 and black currant seed oil loaded NLC and retinol-loaded NLC were 

produced and the physicochemical properties of these formulations were evaluated. The 

production of physically stable formulations, in terms of particle size, was successful for both 

formulations. By incorporating Coenzyme Q 10, black currant seed oil and retinol in NLC the 

chemical stability of these materials was improved. The developed formulations can be used 

in final topical products to achieve improved chemical stability. Regarding the Coenzyme Q 

10 and black currant seed oil loaded NLC, the formulation based on carnauba wax and 

PlantaCare 2000 had the best physical and chemical stability. The most stable retinol 

formulations based on Retinol 15 D were the formulations containing 1% (w/w) retinol. The 

best two formulations were the NLC of the lipid Compritol ATO 888 and the surfactant 

Tween 80 and the NLC of the lipid Elfacos C 26 and the surfactant Miranol 32 (about 80% 

remaining retinol at RT after 1 year). Moreover, the formulation based on Retinol 50 C 

(containing 3% (w/w) retinol) showed a very good physical and chemical stability (about 77% 

remaining retinol at RT after 1 year). 
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NLC for ultraviolet (UV) radiation protection 

This study showed that placebo NLC block UV radiation. This makes it possible to produce 

cosmetic products that have photoprotection properties without the need of using any 

sunscreens in the formulation. To achieve a maximum UV blocking activity the particle size 

of the NLC was optimized (about 400 nm). 

Butyl methoxydibenzoylmethane (BMBM) as a model for organic UV blockers and titanium 

dioxide (TiO2) as inorganic UV blocker, were successfully incorporated in NLC. This 

incorporation increased the UV blocking activity of these UV blockers. Hence, it is possible 

to reduce the UV blocker concentration in the finished products while maintaining the desired 

high UV blocking activity. This will decrease the possibility of allergic reactions and skin 

irritations and will also prevent, or at least reduce, the possible skin absorption of the organic 

UV blocker. 

 

Perfume-loaded NLC 

Different perfumes were successfully incorporated in NLC. Factors influencing the perfume 

release profile were studied. It was found that the interaction between the perfume and the 

solid lipid is an essential factor. When the perfume was enclosed in the solid lipid matrix a 

slower release of the perfume from the lipid matrix of the NLC was achieved. This release 

follows Higuchi equation for release from a solid matrix. Fine tuning of the release profile 

was achieved by controlling the particle size and by changing the type of lipid and surfactant 

used. Smaller particle sizes gave faster perfume release. Positively charged NLC were 

successfully produced and the positive charge maintained the NLC on the fabrics for a 

prolonged perfume release. 
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7.2 Zusammenfassung 

Die hier vorliegende Arbeit beschäftigt sich mit der Entwicklung von NLC für die dermale 

Anwendung. Die Vorteile der Verwendung von NLC in Dermatika und Körper-

pflegeprodukten wurde aufgezeigt und die Faktoren, die diese Vorteile beeinflussen, 

untersucht. 

 
Optimierung der Produktion von NLC 

Als optimale Produktionsbedingungen für NLC erwiesen sich 2 Homogenisationszyklen, 800 

bar Homogenisationsdruck und eine 10°C über dem Schmelzpunkt des festen Lipids liegende 

Homogenisationstemperatur. Eine Zunahme der Tensidkonzentration führte zu kleinerer 

Partikelgröße, welche sich jedoch ab einer Konzentration von 2% nicht mehr merklich 

verringerte und bei weiterem Überschuss Schaumbildung während der Homogenisation 

bewirkte. Nach der Homogenisation wurden die Formulierugen im Wasserbad auf 15°C 

abgekühlt. 

 
NLC als Trägersystem für chemisch labile Wirkstoffe 

Zuerst wurden NLC, beladen mit Coenzym Q 10 und Schwarzem Johannisbeerkernöl, sowie 

beladen mit Retinol hergestellt, dann wurden die physikalisch-chemischen Eigenschaften 

bestimmt. In Bezug auf die Partikelgröße war die Produktion von physikalisch stabilen 

Formulierungen für beide Erzeugnisse erfolgreich. Durch Einschluss von Coenzym Q 10, 

Schwarzem Johannisbeerkernöl und Retinol in die NLC wurde die chemische Stabilität 

verbessert. Die entwickelten Formulierungen können in topischen Endprodukten verwendet 

werden, um eine verbesserte chemische Stabilität der Wirkstoffen zu erreichen. Die mit 

Coenzym Q 10 und Schwarzem Johannisbeerkernöl beladenen NLC zeigten die beste 

physikalische und chemische Stabilität bei Verwendung von Carnaubawachs und PlantaCare 

2000. Die stabilste Retinol-Formulierung wurde mit Retinol 15 D und einer 

Retinolkonzentration von 1% (w/w) erreicht. Als die zwei besten Formulierungen können die 

NLC des Lipids Compritol ATO 888 stabilisiert mit dem Tensid Tween 80 und die NLC des 

Lipids Elfacos C 26 stabilisiert mit dem Tensid Miranol 32 bezeichnet werden (ca. 80% 

Retinolgehalt nach 1 Jahr Lagerung bei RT). Ausserdem zeigten die Formulierungen, in 

denen Retinol 50 C benutzt wurde (Retinolkonzentration 3% (w/w)), sehr gute physikalische 

und chemische Stabilität (ca. 77% Retinolgehalt nach 1 Jahr Lagerung bei RT). 
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NLC zum Schutz vor ultravioletter (UV) Strahlung 

Diese Studie zeigte, dass Placebo-NLC selbst schon UV-Strahlen blockieren. Dies erlaubt die 

Erzeugung von Lichtschutzeigenschaften aufweisenden Kosmetikprodukten ohne chemische 

Sonnenblocker. Um eine maximale UV-blockierende Aktivität zu erreichen, wurde die 

Partikelgröße der NLC optimiert (ca. 400 nm). 

Sowohl die Modellsubstanz Butyl Methoxydibenzoylmethane (BMBM), ein organischer UV-

Blocker als auch TiO2, ein anorganischer UV-Blocker wurden erfolgreich in NLC 

inkorporiert, wobei eine erhöhte UV-blockierende Aktivität erzeugt wurde. Daher konnte die 

Konzentration der UV-Blocker im Endprodukt unter Beibehaltung der gewünschten hohen 

UV-blockierenden Aktivität niedrig gehalten werden. Dies reduziert mögliche allergische 

Reaktionen und Hautirritationen und verhindert bzw. vermindert eine eventuelle Absorption 

der organischen UV-Blockers in die Haut. 

 
Parfüm-beladene NLC 

Verschiedene Duftstoffe wurden mit Erfolg in NLC inkorporiert und die das 

Freisetzungsprofil beeinflussenden Faktoren untersucht. Es zeigte sich, dass die Interaktion 

zwischen dem Parfüm und dem festen Lipid für die Freisetzung ausschlaggebend ist. Durch 

Einschluss des Parfüms in die feste Lipidmatrix der NLC wurde eine verlangsamte 

Freisetzung erreicht, welche durch die Higuchi-Gleichung für die Freisetzung aus fester 

Matrix beschrieben werden kann. Eine Optimierung des Freisetzungsprofils wurde durch 

Kontrolle der Partikelgröße und Austausch von Lipidtyp und Tensid bzw. Stabilisator erzielt. 

Die Parfüms wurden bei kleinerer Partikelgröße schneller freigesetzt. Zudem ist es gelungen, 

positiv geladene NLC herzustellen, was zu verlängerter Haftung der NLC auf den Textilen 

führte und somit eine verlängerte Perfümwirkung auf den Textilen zu Folge hatte. 
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