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FORMULATION AND CHARACTERIZATION OF BEESWAX/ROSEMARY 

OIL NANOSTRUCTURED LIPID CARRIER FOR DRUG DELIVERY SYSTEM                                                                                           

ABSTRACT 

A stable colloidal suspension of nanostructured lipid carriers (NLCs) was synthesized 

from natural source of lipid. The toxicity and insolubility of drugs in water remain a 

significant problem and has led to the development of food-grade drug delivery systems 

such as nanostructured lipid carriers (NLCs). NLCs composing various amount of 

beeswax (BW), rosemary oil (RO) and poloxamer 188 (P188) were prepared by melt-

emulsification combined with ultrasonication method. The physicochemical properties of 

NLC also were determined. Optimization of the formulation (F) was performed based on 

the criteria of stability. Formulation with the smallest particle size and highest magnitude 

of zeta potential was selected to be loaded with terbinafine hydrochloride (TBHC1) and 

hydrophilic molecule, which is calcein. Drug separation methods that applied in this study 

were centrifugal ultrafiltration and size exclusion chromatography method. The 

percentage of encapsulation efficiency, drug loading efficiency and drug release were 

evaluated. The optimized formulation composing 3.75 % BW, 1.25 % RO, 3 % P188 and 

92 % deionized water. The mean of particle size and zeta potential for optimize NLC 

were (174  2) nm and (-36  5) mV, respectively. By using x-ray diffractometer (XRD) 

and differential scanning calorimeter (DSC), the optimized formulation of NLC showed 

a lower degree of crystallinity and melting enthalpy compared to solid lipid nanoparticle 

(SLN) of BW. The morphology of NLC was observed as spherical shape with a dense 

appearance in the transmission electron microscope (TEM) images. The encapsulation 

efficiency and loading efficiency were found dependent on the amount of TBHCl and 

calcein. The release of TBHC1 and calcein from the optimized formulation were (62.87± 
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0.04) % and (41.70 ± 0.09) % respectively. It can be concluded that NLC prepared from 

natural source of lipid may serve as a potential carrier for drug delivery. 

Keywords: colloidal, beeswax, lipid, nanostructured lipid carrier 
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RUMUSAN DAN PENCIRIAN LILIN LEBAH/MINYAK ROSMARI 

PEMBAWA LIPID NANOSTRUKTUR UNTUK SISTEM PENGHANTAR 

DADAH                                                                                                             

ABSTRAK 

Ampaian koloid yang stabil bagi pembawa lipid nanostruktur (NLC) telah disintesis dari 

sumber semula jadi lipid. Ketoksikan dan ketidaklarutan dadah dalam air merupakan 

masalah utama yang menjurus kepada pembangunan sistem penghantar dadah seperti 

pembawa lipid nanostruktur (NLC). NLC yang dirumus mengandungi pelbagai jumlah 

lilin lebah (BW), minyak rosmari (RO) dan poloxamer 188 (P188) yang telah disediakan 

melaui kaedah pengemulsian cair yang digabungkan bersama ultrasonikasi. Sifat 

fizikokimia NLC juga dinilai. Pengoptimuman rumusan (F) dilakukan berdasarkan 

kriteria kestabilan. Rumusan dengan saiz zarah terkecil dan magnitud keupayaan zeta 

tertinggi telah dipilih untuk dimuatkan dengan terbinafin hidroklorida (TBHC1) dan 

molekul hidrofilik, yang merupakan calcein. Kaedah pemisahan dadah yang digunakan 

untuk kajian ini adalah kaedah pengultraturasan emparan dan kromatografi penyisihan 

saiz.  Peratusan kecekapan pengkapsulan, kecekapan pemuatan dan pembebasan dadah 

dinilai.  Perumusan yang dioptimumkan merangkumi 3.75% BW, 1.25% RO, 3% P188 

dan 92% air ternyahion. Purata saiz zarah dan keupayaan zeta untuk rumusan optimum 

NLC ialah (174  2) nm dan (-36  5) mV. Dengan menggunakan  pengukur pembelauan 

sinar-x (XRD) dan kalorimeter pengimbasan perbezaan (DSC), perumusan NLC yang 

dioptimumkan memperlihatkan darjah kehabluran dan entalpi lebur yang lebih rendah 

berbanding dengan nanopartikel lipid pepejal (SLN) dari lilin lebah. Morfologi NLC 

dapat diperhatikan sebagai berbentuk sfera dengan penampilan padat dalam imej 

mikroskop penghantaran electron (TEM). Kecekapan pengkapsulan dan pemuatan telah 

didapati bergantung kepada jumlah TBHC1 dan calcein. Kadar pelepasan TBHC1 dan 

calcein dari rumusan optimum masing-masing adalah (62.87 ± 0.04) % dan (41.70 ± 0.09) 
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%. Dapat disimpulkan bahawa, NLC yang disediakan dari sumber semula jadi lipid boleh 

berpotensi berfungsi sebagai pembawa penghantaran dadah. 

Kata Kunci: koloid, lilin lebah, lipid, pembawa lipid nanostruktur 
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CHAPTER 1: INTRODUCTION 

1.1 Background Study 

Drug toxicity is one of the factors that contributes to the development of colloidal drug 

carriers. The evolution of colloidal drug carrier is prominent to improve drug safety and 

minimize the toxicity (Lim et al., 2012). Besides, colloidal drug carrier is able to enhance 

its bioavailability, avoid from chemical degradation, and reduce the bitterness taste of 

drug (Garg et al., 2017). The expansion of nanoscale drug delivery system including lipid-

based nanoparticles also has been emerged as an alternative. It has the power of being a 

less chronic toxic for in vivo application and the ingredients usually are lipids of  

biocompatible and biodegradable (Ganesan & Narayanasamy, 2017).  

NLCs is one type of lipid-nanoparticles that was firstly formulated at the end of the 

1990s (Tamjidi et al., 2013; Granja et al., 2017). It was evolved from SLNs system. NLCs 

has attracted much attention in past decades as an alternative dosage form because of their 

biocompatibility, biodegradable, high bioavailability and good shelf-life. Besides, it can 

be readily produced in a large scale using certain tools at economical cost (Okonogi & 

Riangjanapatee, 2015). NLCs consists a mixture of solid lipid and liquid lipid (oil) 

(Weber et al., 2014). However, the solid lipid is the major component with the suggested 

amount in the range of 70 % to 99 %. In addition, solid lipids are existed in the form of 

solid phase at room and body temperature such as triglycerides, phospholipids and waxes 

(Doktorovova et al., 2014; Woo et al., 2014). The end product of NLCs has been 

represented as a cosmetic excipient and pharmaceutical product in the market. The 

example of marketed NLCs will be described in the literature review’s chapter later 

(Pardeike et al., 2009; Saez et al., 2018). The Illustration diagram of NLCs has been 

displayed in the figure 1.1 (Livney, 2015). 
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Characterization of NLCs is an essential procedure due to the complexity of NLCs 

formulation system. It is fundamental to supervise its quality, stability and release kinetics 

(Rizwanullah et al., 2016). 

 

 

 

Figure 1.1: Illustration of NLCs 

1.2 Problem Statement 

The toxicity and insolubility of drug in water has been a main problem that lead to the 

development of drug delivery system like NLCs (Chime & Onyishi, 2013). BW and RO 

were chosen as solid and liquid lipid respectively in this research. Although many works 

have been reported on the preparation of NLCs but there is no study on the mixture 

between BW and RO. RO has been chosen in this experiment due to the antioxidant, 

antimicrobial and anticarcinogenic properties that possessed in this oil. Many studies have 

investigated the preparation of NLCs using a variety of lipid materials, for instance, fatty 

acids, triglycerides, phospholipids, and waxes (that are found as solid lipids at both room 

and body temperature); however, only a limited number of these reports have involved 

food-grade lipids that are generally recognised as safe (GRAS) that approved by Food 

and Drug Administration (FDA). Good applicability of NLCs from edible sources has 
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been demonstrated in the agricultural, food, and pharmaceutical industries (Nguyen et al., 

2012; Lasoń et al., 2013).  

The use of natural remedies as food preservative in the preparation of nanocarriers will 

create an inexpensive, renewable system with high acceptability among consumers 

(Keivani Nahr et al., 2018). Nowadays, the awareness among consumers regarding the 

connection between their nutritional habits and general health is increasing; hence, they 

are looking for foods containing multifunctional ingredients besides those necessary 

nutrients (Babazadeh et al., 2016). NLCs are also a potential encapsulation system in food 

science, which could be achieved using food-grade components. NLCs composed of 

food-grade drug and nutraceutical delivery formulations are a novel prospect of 

nanotechnology in nanodelivery science. The safety standard of food science is 

considered as important as pharmaceutical standards; however, it will have more serious 

consequences due to the long-term use of food as compared with drugs. Drugs are taken 

occasionally, while foods are consumed regularly; hence, health and safety standards used 

in food science could certainly be practiced in pharmaceutical sciences. NLCs can also 

aid oral delivery of bioactive food components that can protect and improve their 

functionality (Babazadeh et al., 2016).  

Lipids are the major components of NLCs that can affect the stability, drug loading 

capacity and maintained the release behavior of the formulations. There also exist a few 

studies related to wax-based NLCs. Wax-based NLCs are believed to become a more 

stable system and display good particle size distribution (Soleimanian et al., 2018).  

In this study, NLCs was prepared by using melt-emulsification combined with 

ultrasonication method. This preparation method is simple and environmental friendly 

due to no organic solvent used throughout their preparation. It is a current trend in NLC 

preparation. Organic solvent is use to solubilize the lipid. (Ganesan & Narayanasamy, 

2017). 
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1.3 Significance of Study 

SLNs has highly ordered crystal lattice due to the only solid lipid using in preparation. 

As a result, accommodation of drug in SLNs is limited. In order to enhance the drug 

loading capacity, liquid lipid is introduced in the formulation. The presence of liquid lipid 

creates the imperfection of crystal lattice which provides more space to accommodate 

drug. So, this is the reason to blend two different states of lipids to produce the best drug 

delivery system (Wissing et al., 2004). 

NLCs can improve the stability of chemically-sensitive lipophilic ingredients (Yadav 

et al., 2013). In this context, the degradation rate of the active ingredients is slowed in the 

solid matrix as compared with the liquid matrix. The micro-phase separation between the 

active ingredients and carrier lipid, and within individual particles, can be managed to 

avoid the accumulation of active compounds at the surface of lipid particles where 

degradation used to take place. In addition, NLCs can maintain their solid state at room 

temperature by tuning the proportion of liquid lipid, aiding controlled release of the drug 

(Fu-Qiang Hu, 2005). Besides, NLCs can reduced the risks of drug leakage during storage 

by mixing the solid and liquid lipid in NLC formulations (Cirri et al., 2012).  

1.4 Scope of Study 

NLCs varying in composition of BW, RO and P188 were prepared. The 

physicochemical properties of the formulated NLCs such as particle size, zeta potential, 

crystallinity and morphology were investigated. The optimized formulation was 

determined according to the particle size and zeta potential values. Then, two types of 

drug were encapsulated in this optimized NLCs, which are TBHC1 as a hydrophobic 

drug, and calcein as a hydrophilic drug. The encapsulation and drug loading efficiency 

were determined from the encapsulated NLCs. Lastly, the drug release was evaluated.  

Univ
ers

iti 
Mala

ya



5 

1.5 Objectives 

The objectives of this research are: 

1) To formulate a physically stable NLCs from BW, RO and P188.   

2) To study the physicochemical properties of the formulated NLCs. 

3) To evaluate encapsulation, drug loading efficiency and drug release of NLCs 

1.6 Thesis Outline  

This thesis is structured into five chapters. 

Chapter 1 presents a general review on NLCs that able to work as a good drug delivery 

system. The significance and scope of study also has been clearly described along with 

the objectives of work.  

Chapter 2 highlights on the review of drug delivery system, materials that used in the 

preparation of NLCs, preparation methods and physico-chemical properties of NLCs. The 

separation method, drug release and applications of NLCs also has been reviewed.  

Chapter 3 explains methodology that involved in this research works. Such as 

formulation of NLCs, encapsulation of TBHC1 and calcein. Then, characterization of 

physico-chemical properties also has been presented.  

Chapter 4 reports and discuss on the result obtained from experiment itself. 

Chapter 5 concludes all the research works that has been done. In this chapter, the 

results have been summarized while future works also has been structured.  
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CHAPTER 2: LITERATURE REVIEW 

2.1 Drug Delivery System  

Drug delivery systems can help to introduce foreign substances into our body through 

various techniques and generate the desired effect for disease treatments. In addition, this 

system is able to transport medicines to the exact location (illness area) in our body where 

a drug is released into the body. It is capable in reducing or even eliminating the side 

effects of drugs and the damage of surrounding tissue at treatment site. 

Drug delivery system or colloidal drug carrier is very crucial to help the delivery 

process of active ingredient (drug) into a human body efficiently. In general, most drugs 

have poor water solubility and high toxicity characteristics that can lead to enzymatic 

deterioration. These posed a great challenge in drug delivery systems due to the limited 

absorption process of drugs in human body. Thus, development of new formulation 

strategies is escalating over the years to overcome this limitation. Many researchers have 

joined hands to create the excellent drug carrier that able to incorporate and shield the 

drug to transport it to the action site. There are many types of lipid-based drug delivery 

systems (LDDS) including liposomes, microemulsion, SLNs and NLCs have been created 

and capable to solve the current problems (Chime & Onyishi, 2013). 

2.1.1 Liposomes 

Liposomes is a spherical vesicle that produced by the hydration of surfactant that 

mixed with water under a low shear force. It comprises membrane that consists of one or 

more lipid bilayer. Usually, the bilayer is formed from phospholipid. Liposome is a 

flexible carrier that has the ability to entrap water-soluble and water-insoluble ingredients 

(Tamjidi et al., 2013). The encapsulated drug liposome can prevent the toxicity of drug 

and capable to target the drug delivery to the site of action. Unfortunately, the main 
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limitation of liposomes is instability during storage. It has high tendency to aggregate and 

fuse during storage (Meland et al., 2014). 

2.1.2 Microemulsion 

Microemulsions is a transparent, thermodynamically stable and isotropic liquid 

dispersion. The basic materials needed to prepare microemulsion are oil, surfactant, co-

surfactant and dispersed phase (Güngör et al., 2013). A ternary phase diagram is 

commonly prepared in the formulation of microemulsion. It represents the behavior of 

dispersed phase, oil, surfactant and co-surfactant. The properties of microemulsion can 

be investigated through its solubility, and viscosity. During the changes of environmental 

condition, they are disposed to disintegrate. Eventually, they are regularly difficult to 

encapsulate large lipophilic molecules in particle structure due to the optimum curvature 

of the surfactant monolayer (Tagavifar et al., 2018). 

2.1.3 Solid Lipid Nanoparticles (SLNs) 

SLNs is an oil in water emulsion containing solid lipids as the oil phase. This system 

is produced from a single or blends of solid lipid. It is an alternative formulation to unite 

all the advantages of others drug delivery systems and to avoid some of their deficiencies. 

It has a highly ordered crystalline structure due to the solid nature of lipid. However, there 

is a restricted space remains for drug incorporation. Drug leakage may occur during 

storage due to the lipid transformation from high energy modification into more ordered 

modification (ꞵ) (Uner, 2006; Fathi et al., 2018). 

2.2 Nanostructured lipid carrier (NLCs) 

   NLCs is a new generation of drug delivery system that has been developed to overcome 

the limitations of SLNs. NLCs was prepared from the combination of solid and liquid 

lipid. This lipids combination generates an imperfect matrix that enable incorporation and 

protection of the bioactive compounds efficiently. In addition, benefits of NLCs including 
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high encapsulation efficiency, good stability, non-toxicity, suitability for industrial 

processing and higher drug release compared to the SLNs. Besides, it also can reduce the 

drug expulsion during storage and avoid the risk of gelation in formulations (Tetyczka et 

al., 2017). 

2.2.1 Types of NLCs 

     Different types of NLC can be obtained based on the preparation method and 

composition of lipids blend. There are imperfect type (imperfectly structured solid 

matrix), amorphous type (structureless solid amorphous matrix) and multiple type 

(multiple oil in fat in water (O/F/W) carrier). 

2.2.1.1 Imperfect Type (Imperfectly Structured Solid Matrix) 

It can be prepared by mixing solid lipids with sufficient amount of liquid lipids (oil) 

in NLC formulation. The formation of imperfect NLCs can be achieved by the using of 

caprylocaproylmacrogol-8-glycerides (Labrasol®) and oleoyl macrogol-6-glycerides 

(Labrafil® M 1944 CS) (Liu et al., 2014; Safwat et al., 2017). With the addition of 

glycerides that contained different fatty acid chain length, the NLCs matrix is not able to 

form a highly ordered structure. Therefore, it created an available space and imperfect 

solid matrix with many voids that enable incorporation of active ingredient (Ganesan & 

Narayanasamy, 2017). 

2.2.1.2 Amorphous Type (Structureless Solid Amorphous Matrix) 

This type of NLCs can be accessed by combining solid lipids for examples hydroxyl 

octacosanyl hydroxy stearate, isopropyl myristate, isopropyl palmitate and dibutyl 

adipate. Lipid matrix of NLCs is existed in the non-crystalline (amorphous state) lipid 

nanoparticles. In addition, it is capable to reduce the crystallinity properties of NLCs after 

homogenization and cooling process. As known, drug expulsion will be happened from 
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the process of lipid crystallization during storage. So, it can be prevented by adding the 

special structure of lipid in NLC formulations (Singhal et al., 2011).  

2.2.1.3 Multiple type (multiple oil in fat in water (O/F/W) carrier)  

Multiple type of NLCs can be prepared by mixing the higher amount of liquid lipid 

compared to the solid lipid in the formulation. Nano-compartment oil is formed inside the 

solid lipid matrix of NLCs. From that, the drug will be more solubilize in the liquid lipid 

compared to the solid lipid. Drug expulsion also can be avoided by preventing the 

crystallinity of solid lipid with the addition of higher amount of liquid lipid in it 

(Rizwanullah et al., 2016). 

2.3 Materials used in the formulation of NLCs 

The basic materials required to prepare NLCs are lipid, surfactant and water. NLCs 

can be produced by using a different starting material. Table 2.1 displayed the examples 

of NLCs in the past research, while marketed NLCs applied in cosmetic products are 

listed in the table 2.2
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Table 2.1: Examples of NLCs 

Solid Lipids Liquid Lipids Drugs Surfactants References 
Stearic acid Oleic acid Donepezil Lecithin and sodium 

taurodeoxycholate 
(Mendes et al., 2019) 

Aceclofenac P188 (Patel et al., 2012) 

Clobetasol propionate 

 

Sodium dodecyl sulfate (Hu et al., 2005) 

Fluconazole Span 80 and Tween 80 (Kelidari et al., 2017) 

Progesterone Tween 20, monostearin & 
polyethylene glycol 

monostearate 

(Yuan et al., 2007) 

 
Simvastatin Pluronic F-68 and lecithin (Fathi et al., 2018) 

Glyceryl monostearate Labrasol TBHC1 Pluronic F-127 (Gaba et al., 2015) 

Univ
ers

iti 
Mala

ya



 

11 

Table 2.1: Continued 

Solid Lipids Liquid Lipids Drugs Surfactants References 

Hydrogenated soybean 
lecithin 

Castor oil - P188 (Dora et al., 2012) 

Cetyl palmitate Capmul® MCM (mono-
diglyceride of medium 

chain fatty acid) 

Resveratrol P188, tween 80 and acrysol 
K150 

(Rajput & Butani, 2019) 

1)Fully hydrogenated 
sunflower oil 

2)Fully hydrogenated 
rapeseed oil 

1) Soybean oil 

2) Medium chain 
triglycerides (MCT) 

Conjugated linoleic acid Tween 80 (M. Zheng et al., 2013) 

Glyceryl monostearate Castor oil Bromonidine tartrate P188 (pluronic F68) (El-Salamouni et al., 2015) 
Glycerol monostearate Oleic acid Simvastatin Poloxamer 407 (Tiwari & Pathak, 2011) 

Orange Wax Rice bran Oil Lycopene Eumulgin SG (Kaur et al., 2015) 
Glyceryl 

palmitostearate 
Medium chain triglycerides Betasitosterol Poloxamer 407 and Tween 80 (Bagherpour et al., 2017) 

Saturated fatty acid of 
C18 and glyceryl 

behenate 

Castor oil and 
caprylic/capric triglycerides 

Flurbiprofen Tween 80 (González‐Mira et al., 
2011) 

Glyceryl 
palmitostearate 

Triacetin and phosal® 53 
MCT 

Bicalutamide Poloxamer 407 (Kumbhar & Pokharkar, 
2013) 

Glyceryl 
palmitostearate 

Squalene Triamcinolone acetonide P188 (Araújo et al., 2011) Univ
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Table 2.1: Continued 

Solid Lipids Liquid Lipids Drugs Surfactants References 
Glyceryl monostearate 

and stearic acid 
Media chain triglyceride Quercetin Soy lecithin (Chen-yu et al., 2012) 

Glycerin monostearate Oleic acid Oleanolic acid and 
gentiopicrin 

P188 (Zhang et al., 2013) 

Tristearin Oleic acid Minoxidil P188 (Uprit et al., 2013) 
Glycerol monostearate Medium triglyceride chain Oridonin P188, polyethylene glycol 

monostearate and lecithin 
(Jia et al., 2012) 

Glyceryl palmitostearate Sunflower oil Astaxanthin Tween 40 and poloxamer 
407 

(Rodriguez-Ruiz et al., 
2018) 
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Table 2.2: Marketed NLCs in cosmetic products 

Product name Producer/distributor Main active ingredients Year 
Cutanova cream 

Nanorepair Q 10 
Dr. Rimpler Q 10, polypeptide, hibiscus extract, ginger extract, ketosugar 2005 

SURMER Elixir du 
Beauté Nano-Vitalisant 

Isabelle Lancray Coconut oil, Monoi Tiare Tahiti®, pseudopeptide, milk extract 
from coconut, wilder ginger, Noni extract 

2006 

Supervital Amore Pacific Coenzyme Q 10, co-3 and co-6 unsaturated fatty acids 2007 
NanoLipid Basic CLR Dr. Kurt Richer, 

CLR Berlin 
Caprylic/capric triglycerides 2006 

Reconstruction Serum 
hexapeptide-8, highly 

active oligosaccharides 

Beate Johnen Q10, actyl 2007 

Olivenöl Anti Falten 
Pflegekonzentrat 

Dr. Theiss Olea, europaea oil, panthenol, acacia Senegal, tocopheryl 2008 

Regenerationscreme 
Intensive 

Scholl Macadamia ternifolia seed oil, avocado oil, urea, black currant 
seed oil 

2007 

  (Müller et al., 2007; Pardeike et al., 2009; Kaul et al., 2018; Battaglia & Ugazio, 2019) 
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2.3.1 Lipid 

Lipid is an organic compound that consists of fatty acid and its derivatives. Some of 

lipids may soluble in alcohol. Carboxylic acid of fatty acid offers a good interaction 

between fatty acid and alcohol via ester linkage. Solid lipids can be divided into several 

classes depend to their chemical composition, which are homolipids, heterolipids and 

complex lipids (Attama et al., 2012). 

Homolipids are esters of fatty acid with alcohols. This type of lipid consists of carbon 

(C), hydrogen (H) and oxygen (O). So, it is referred to as a simple lipid. The number of 

carbon in the long-chain fatty acid is usually range between 14 to 24 carbons. It is found 

typically in a common fat. Besides, the medium-chain fatty acid possesses 6 to 12 

carbons. Homolipids is regularly found in coconut oil and palm kernel oil in the form of 

triacylglycerol. Examples of homolipids are explained in the table 2.3. 

 

Table 2.3: Examples of homolipids 

Types Examples 
cerides – Simple lipids that are esters of higher   

monohydroxy alcohols and fatty acids. 
waxes: beeswax, carnauba wax, 

glycerides – Ester of glycerol especially with fatty 
acids. 

fat and oils 

steride esters of cholesterol with fatty 
acids 

 

2.3.1.1 Beeswax (BW) 

BW is obtained from the honeycombs of bees after removal of honey by centrifugation. 

The combs are melted with hot water, steam or exposed to solar heat to remove insoluble 

impurities. Insoluble impurities were possibly come from brood comb. After that, the 

liquid wax is sent for further purification by re-melting and treatment with activated 

carbon, aluminium, magnesium silicates or diatomaceous earth. Then, the treated melt is 
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eventually submitted to the pressure filtration to obtain a food-grade yellow BW. 

Bleaching the BW is also available to yield a white BW by using hydrogen peroxide, 

sulphuric acid or sunlight. 

Yellow BW became brittle when cold and appears as dull, granular and non-crystalline 

fracture when broken. It has a properties of honey odor. BW is insoluble in water and 

moderately soluble in alcohol. However, it is very soluble in chloroform, ether, 

hydrocarbon solvent and volatile oils. It is partially soluble in a cold carbon disulphide 

and completely soluble in it at the temperature of 30 °C and above. BW contains 

flavonoids, antioxidant, antibacterial and antifungal compound. These compounds 

capable to treat dermatitis, psoriasis and skin fungal infections. BW also has been used in 

food application. It adopted as a component in dietary food supplements (soft gelatine 

capsules and tablets), glazing and coatings, chewing gum, flavoured drinks and as a 

carrier for food additive (Al-Waili, 2005). 

BW is made up from combination of organic substances. It mainly composed of 

palmitate, palmitoleate, hydroxypalmitate and oleate esters of long chain (C30-C32) 

aliphatic alcohol. It’s usually existed as an ester with long hydrocarbon chains as 

displayed in figure 2.1. Hydrolysis of BW yields a straight chain of carboxylic acid and 

alcohol. The presence of significant amount of free fatty acids contributes to the 

viscoelastic behaviour of BW (Fabra et al., 2009). However, the composition of BW is 

depending to some extent on the subspecies of the bees, the age of wax and the climatic 

circumstances of its production. This variation in composition occurs mainly in the 

relative amounts of the different components present, rather than in their chemical identity 

(Negri et al., 2000). 

 BW has been used in the colloidal systems as drug delivery vehicles. From the past 

research, BW and carnauba wax were used to produce SLNs that encapsulated  ketoprofen 
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(drug) (Kheradmandnia et al., 2010). As mentioned by Rosita and the group, SLNs has 

been produced from BW and glyceryl monostearate that loaded with para methoxy 

cinnamic acid (drug) (Rosita et al., 2014). Moreover, lipid matrices also has been 

formulated from BW and goat fat by Attama and the team (Attama et al., 2007). The same 

group researches also have developed a lipid matrices between theobroma oil and BW 

(Attama et al., 2006). 

 

Figure 2.1: Molecular structure of BW 

2.3.1.2 Rosemary oil (RO)  

 RO is a long-lasting evergreen aromatic herb that extensively spread and cultivated in 

the Mediterranean region. It consists of phenolic constituents mainly monoterpenes such 

as 1,8 -cineole, α-pinene, camphor and camphene as shown in the figure 2.2. It possess 

various therapeutically effects include antioxidant, antimicrobial and anticarcinogenic 

(Turasan et al., 2015). Hence, RO is a suitable candidate in the formulation of NLCs for 

topical application. 

 

Figure 2.2: Constituents of RO (1,8-cineole, α-pinene, champene)   
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RO also has been formulated with cetyl palmitate, glyceryl oleate and 

polyoxyethylene-20-oleyl ether in the preparation of NLCs (Montenegro & Pasquinucci, 

2017). However, RO also has been implemented in the other drug delivery systems, which 

were emulsion, nano-liposome, gel, SLNs and nanocapsules (Akbari et al., 2015; Turasan 

et al., 2015; Aarabi, 2017; Montenegro & Pasquinucci, 2017; Rubenick et al., 2017). 

2.3.2 Surfactant 

Surfactant is ‘surface-active’ molecule, that usually existed in aqueous solutions. This 

surface-active molecule will adsorb at the interfaces. The adsorption action can be 

occurred as a response to the solvent used (dispersed phase like DW and phosphate buffer 

saline solution) and chemical structure of the surfactant itself. The structure of surfactant 

is a combination of both polar and non-polar group in a single molecule, which is called 

an amphiphile. So, it has both of hydrophilic and hydrophobic moieties or “head” and 

“tail”, respectively that enable adsorption of the molecule at interfaces effectively.  

Figure 2.3 showed a general structure of surfactant (surface-active material). It 

includes hydrophilic head group and hydrophobic tail. Hydrophilic head or lyophilic 

group having a high affinity towards water or solvent. While, hydrophobic tail or 

lyophobic group having low affinity towards water or solvent. 
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Figure 2.3: The general structure of surfactant 

Type of surfactants is depending to its structure, which is head and tail group of 

surfactants. The head group can be charged or neutral in with a small or compact size. 

Normally, the hydrophilic part responsible for its solubility in a solvent through the 

formation of ionic interaction or hydrogen bonding. Generally, the tail group can be 

existed in a single or double chain. Furthermore, it can be straight or branched 

hydrocarbon chain. However, it may also be existed as a fluorocarbon, siloxane or 

aromatic groups. 

Surfactant should be used in the formulation of NLCs to stabilize the lipid dispersion. 

Variety of emulsifiers different in charge and molecular weight could be used. Without 

the presence of surfactant in NLCs, it is impossible to reach a stable NLCs formulation. 

It also helps in manipulating the size of NLCs into nanometer range. In certain condition, 

blending of two or more surfactants will form a sufficient coverage viscosity that can 

promote stability in NLCs (Trotta et al., 2003). As mentioned by Mendes and the group, 

the mixture between lecithin and sodium taurodeoxycholate can produced a more stable 

NLCs formulation than the use of only lecithin (Mendes et al., 2019). 
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Cationic surfactants like linear alkyl-amines and alkyl-ammoniums are more toxic 

compared to anionic surfactants like soaps and other carboxylates. However, nonionic 

surfactants such as P188, polysorbates, polyethylene glycol (PEG) and polyvinyl alcohol 

are investigated as a safest surfactant compared to the others surfactant. This is because 

nonionic surfactant was reported as a non-toxic within certain specific limit.  

(Rizwanullah et al., 2016).  

2.3.2.1 Poloxamer 188 (P188) 

P188 is a non-ionic surfactant with hydrophile-lypophile balance (HLB) number ~29. 

The other name of P188 is Pluronic F-68. It does not ionize in aqueous solutions. 

Therefore, it is less sensitive to electrolyte compared to the ionic surfactants. Furthermore, 

it was found compatible with the other colloidal carriers and has been used in the 

formulation of pharmaceuticals, cosmetics and food products. It exhibits minimum 

toxicity that able to control a release and targeted a delivery applications (Tamjidi et al., 

2013). Clinical testing presented that P188 would cure the constipation disease by 

increase the hydration of faeces for easier passage during defecation. Furthermore, it 

could increase the membrane repair capacity in various cell and tissues. It also can work 

as an antimicrobial agent for certain species of microbes. Besides, P188 can caused a 

declined of bacterial growth to the below of control cultures level. 

 P188 can sterically stabilize the NLCs by covering the surface of NLCs. Figure 2.4 

showed the molecular structure of P188 (Singh-Joy & McLain, 2007). It is a triblock 

copolymer that consisted central polyoxypropylene molecule, which is connected by two 

hydrophilic POE chains. They are ethylene oxide and propylene glycol (PEG) (Singh-Joy 

& McLain, 2007). Refer to the molecular structure of P188, there is no charges for the 

triblock copolymer in it. Thus, it has less interaction towards the lipids. Toxicity studies 

of P188 also has been tableted in the table 2.4. 
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Figure 2.4: Molecular structure of P188
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Table 2.4: Toxicity studies of P188 

Toxicity studies References 
Amount applied Samples (Human/Animal) Results 

- Humans - 10 volunteer’s 
forearms 

No skin irritation was observed. After 10 days 
rest, no skin sensitization data had realized in any 

volunteers. 

(Singh-Joy & McLain, 2007) 

10% Rabbit 0.5% hemolysis (Lowe et al., 1995) 
More than 4% Rat blood Minor hemolysis 

10% Rat blood (4.7 ± 1.5) % mean hemolysis. 
10% Rat Mean of hemolysis was noticed only at (0.5 ± 0.3) 

%. The researchers conclude that the using of 
purified P188 may be preferable for intravascular 

applications formulation. 
- Red blood cell It could decrease a red blood cell aggregation. (Armstrong et al., 2001) 

(30, 100, 300, 720, 
2400 or 72000 

mg/kg/day) were 
given continuously 

via intravenous 
infusion for 30 

days 

Twenty male and female dogs Afterwards, plasma samples were taken during 
and after infusion. At the day 7, it reached a safe 

state for all dose group and remained stable 
throughout the administration. In conclusion, it 

displayed no effect of dose and gender of the P188 
concentration on the plasma concentration. 

(Grindel et al., 2002) 
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2.4 Preparation methods of NLCs 

   A numerous attractive chemical method has been evolved for the formulation of 

NLCs. It is very challenging in order to optimize the green preparation method of NLCs. 

A variety of methods have been developed in NLCs as shown in the table 2.5. 

 

Table 2.5: List of NLCs preparation methods 

No. Methods References 
1) High Pressure Homogenization (Hung et al., 2011; Tetyczka et al., 

2017) 
2) Ultrasonication/ High Speed 

Homogenization 
(Nnamani et al., 2014; Kelidari et al., 

2017; Khurana et al., 2017) 
3) Solvent Emulsification- Evaporation 

Technique 
(Sjöström et al., 1995; Dubes et al., 

2003; Shahgaldian et al., 2003; Wissing 
et al., 2004) 

4) Solvent Emulsification-Diffusion 
Technique 

(Yuan et al., 2007) 

5) Supercritical fluid method (Chattopadhyay et al., 2007; Chen et 
al., 2009) 

6) Microemulsion based method (Lin et al., 2007) 
7) Spray Drying Method (X. Zhang et al., 2008; Livney, 2015; 

Xia et al., 2016) 
8) Double Emulsion Method (Häuser et al., 2015; Pelegri-O’Day & 

Maynard, 2016) 
9) Solvent Injection Technique (Pandita et al., 2009) 
10) Membrane Contractor Method (Charcosset et al., 2005) 

 

2.4.1 High pressure homogenization 

There are two general methods to achieve high pressure homogenization, which are 

hot homogenization and cold homogenization (Jain et al., 2017). The benefits of this 

method are low in capital cost and can be demonstrated at the lab scale. However, this 

method required intensive process energy, produce unproven scalability, polydisperse 

distribution of particle size and can cause biomolecule damage. The procedure of this 

technique can be referred in the figure 2.5. 
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Figure 2.5: High pressure homogenization 

For hot high pressure homogenization, drug was added to the mixture of the molten 

solid and liquid lipid. Then, it was dispersed in pre-heated surfactant solution by high 

speed stirring. Next, it formed a hot pre-emulsion. Later, this hot pre-emulsion was 

homogenized by high pressure homogenizer. After that, the NLCs was formed by cooling 

it at room temperature. 
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In addition, for cold high pressure homogenization, drug was blended to the mixture 

of molten solid and liquid lipid. After that, this active mixture was cooled down and 

ground it to form lipid microparticles. Afterwards, this lipid microparticles was dispersed 

in a cold surfactant solution by high-speed stirring to form cold pre-suspension. 

Subsequently, the sample must be cooled at room temperature before subjected to high 

pressure homogenizer to produce NLCs. 

2.4.2 Ultrasonication and/or high-speed homogenization 

Small size NLCs can be acquired by using combination of these two methods, which 

are ultrasonication and high-speed homogenization. These techniques are easy to be 

carried out and accessible in most of the laboratory. The mixture of lipids is melted at 

temperature higher than 5 °C to 10 °C from its melting point. Then, hot surfactant solution 

is dispersed in lipids mixture at the same temperature under high-speed homogenization. 

Then, NLCs is formed by cooling down the pre-emulsion to room temperature (Uner, 

2006). 

Comparing with the other technique, the advantage of this technique is can reduce a 

shear stress, which is tending to cause deformation of material by slippage along a plane 

or planes parallel to the imposed stress. However, metal contamination may occur in 

NLCs product and unproven scalability will be produced (Ganesan & Narayanasamy, 

2017). 

2.4.3 Solvent emulsification-evaporation technique 

In this preparation technique, the lipophilic material and hydrophobic drug were 

dissolved in water immiscible organic solvents (for example cyclohexane, 

dichloromethane, toluene and chloroform). Then, it was emulsified in an aqueous 

emulsifier solution by using high speed homogenizer. Next, the pre-emulsion was directly 

passed through the microfluider to enhance the efficiency of fine emulsification process. 
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After that, the organic solvent was evaporated through a mechanical stirring at room 

temperature (Singhal et al., 2011). However, this method will produced a low 

concentration of final NLCs in a solvent residue (Tamjidi et al., 2013). 

2.4.4 Melt-emulsification combined with Ultrasonication Method 

This method was chosen for this work. Firstly, the mixture of lipids will be melted at 

10 C higher than the solid lipid’s melting point. Then, a hot surfactant solution will be 

poured into the molten lipids. It will be homogenized and sonicated after the addition of 

surfactant by using homogenizer or probe sonicator. Finally, this emulsion will be poured 

into cold water to form NLCs. The advantages of this method are simple, and no organic 

solvent required in the preparation. 

2.5 Characterization of NLCs 

Characterization of the prepared NLC formulations is very important. It is also 

essential procedure due to the complexity of NLC formulation system. It is fundamental 

to supervise its quality, stability and release kinetics (Rizwanullah et al., 2016). The 

physicochemical properties are also necessary to control the quality and monitor the 

stability of formulated NLCs. The physicochemical properties will be studied by using 

various instruments, which are: 

2.5.1 Photon correlation spectroscopy (PCS) 

Photon correlation spectroscopy (PCS) or zetasizer is used to study the particle size, 

zeta potential and polydispersity index of NLCs. It is also known as dynamic light 

scattering instrument. The fluctuation of scattered light intensity caused by particles 

movement is measured. This technique could measure the diffusion of particles that move 

under the brownian motion principle and correlate with hydrodynamic particle size.  
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2.5.1.1 Particle size and polydispersity index 

The physical stability of NLCs is very crucial in determine the potential product 

application. NLCs are heterogeneous system and thermodynamically unstable. It tends to 

lose their physical stability during storage. So, it is important to monitor the NLCs size 

within certain period of time to ensure the formation of a stable dispersion with limited 

or no aggregation. Changes of particle size can be used  as an instability characteristics  

because the size is possible to rise before a macroscopic changes appear (Heurtault et al., 

2003). The particle size of NLCs can be influenced by variety parameters, such as lipid 

matrix, surfactant, production methods, conditions and the storage period (K. Zheng et 

al., 2013).  

The NLC formulation with high surfactant concentration will promote a complete 

emulsification process and more produce formation of NLCs with rigid structure. Thus, 

the size of NLCs can be modified. The small size of NLCs tends to form a stable 

dispersion and against sedimentation. Based on the past research, the size of NLCs was 

seen decreased with the increasing amount of surfactant (Heurtault et al., 2003). The 

presence of surfactant reduced the interfacial tension between lipid and solvent which 

increases the surface area of the dispersed solvent-lipid droplets that start to form a 

smaller particle. Furthermore, the insufficient of surfactant concentration may lead to 

instability of NLCs dispersion (Michael et al., 2009). 

The particle size of NLCs previously prepared from various synthetic and petroleum 

type of lipids are in the range of (1090 ± 6) nm to (165 ± 6) nm. Garcia-Orue and the team 

produced NLCs in the size of (220 ± 54) nm. They prepared NLCs from Precitol®  ATO 

5 (solid lipid), Miglyol® 812 N (liquid lipid), P188 and Tween® 80 (surfactant) (Garcia-

Orue et al., 2016). Besides, Beloqui and the group formulated NLCs in the range of size 

(1090 ± 6) nm and (165 ± 6) nm (Beloqui et al., 2013). In addition, the size of NLCs was 
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found at (231.3 ± 15.7) nm and (212.9 ± 26.7) nm by Mendes and the group. They 

synthesized NLCs from a different composition of glyceryl behenate, triglyceride of 

capric/caprylic acids and Tween® 80 (Mendes et al., 2013). Zhang and friends have 

prepared NLCs in the size of (208 ± 4.52) nm and (209.5 ± 2.53) nm from a different ratio 

of isopropyl myristate (solid lipid), stearyl alcohol (liquid lipid), poloxamer 407 and 

sodium hydrogen N-(-1-oxooctadecyl)-L-glutamate) (Zhang et al., 2017). 

Polydispersity index (PDI) is a parameter for analysis of particle size homogeneity. 

The PDI varied from 0 to 1 value. If the PDI value is near to zero, it indicates a high 

homology size of NLCs. If the PDI value is close to 1, the size of particle are polydisperse. 

With the low PDI value, the NLCs size distribution is uniform and presented a good 

reproducibility. Ammar and the team prepared NLCs in the range of PDI value from 0.13 

until 0.39 (Ammar et al., 2016). Based on the past research, all formulation of NLCs 

exhibited a similar value of PDI in the range value of 0.2 (Baek et al., 2015). 

2.5.1.2 Stability and zeta potential 

Zeta potential (Taymouri et al.) is a parameter to estimate the stability of a colloidal 

system. It is an essential aspect that acknowledges the prediction physical stability of a 

colloidal dispersion. The higher magnitude of zeta potential, either positive or negative, 

tends to produce a stable formulation. In general, a colloidal suspension is considered as 

a stable system when ZP value is higher than the absolute value of 30 mV (Iqbal et al., 

2012). Normally, particle aggregation is less likely to happen among charged particles 

(high zeta potential) due to electrostatic repulsion. It has been reported that, the reduction 

of zeta potential value will reduce the physical stability in NLCs (Fan et al., 2014).  

Stability of NLCs can be explored with the existence of steric effect from nonionic 

surfactant. From the past experiment, self-associated micelles due to polyoxyethylene 

chains in Tween 80 and alkene oxide derivatives in poloxamer 407. These micelles 

Univ
ers

iti 
Mala

ya



28 

formed on the surfaces of nanoparticles where the core of micelles is surrounded by the 

soft “brush” of highly hydrated in polar region that start to an extension of the diffuse 

layer. Hence, depression of the ZP value happen (Tan et al., 2010). 

Negative charge of ZP value reflects the negative surface charge of a particle. The 

surface charge of a particle is contributed by the charged head group of anionic surfactants 

and/ or the non-ionic surfactant by the polarization of its head group and adsorption of 

polarized water molecules at the surface of a particle (Karthik et al., 2016). As studied by 

Khurana and the team, ZP value of NLCs was found between -10.41 mV to -42.1 mV. 

This can be attributed  from the interaction of PEG-esters and glycerides fraction with  

lipid and nonionic surfactant in NLCs (Khurana et al., 2017). From the others literature, 

ZP value of NLC formulations were reported in the range of -30 mV. It showed that, the 

NLCs particles were stable in dispersion with no tendency to aggregate due to the 

repulsion forces that promoted by their surface charge (González‐Mira et al., 2011; 

Granja et al., 2017). However, ZP value of NLCs with ionic surfactant (sodium cholate 

and sodium lauryl sulphate) was stated lower compared to the NLCs with a nonionic 

surfactant (Tween 80 and poloxamer 127) (Tan et al., 2010). 

In addition, the sample concentration of NLCs could affect the ZP value. As stated by 

Mendes and the team, ZP value increased when increased the sample dilution. ZP value 

was found nearly zero (≈ -2.62 mV) without dilution and increased up to a +50 mV after 

a sample dilution correspond to sample concentrations that lower than 10 % (v/v) with 

the presence of cationic surfactant (benzalkonium chloride). This is due to the high 

concentration of NLCs sample causes high light absorption or scattering to the sample. 

(Medrzycka, 1991; Lage et al., 2012; Mendes et al., 2013).  

Moreover, the value of ZP was reported decreased when increasing the surfactant 

concentration in NLC formulation due to the reduced thickness of diffuse layer on the 
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particle (Tan et al., 2010; Emami et al., 2012) At certain level, the adsorption of surfactant 

just enough to saturate a monolayer at the stern layer that produces the highest achievable 

ZP value for NLCs system. However, concentrations of surfactant beyond the 

requirement will saturate the stern layer and reducing the ZP as a result of expanding 

diffuse layer (Duro et al., 1998). 

Furthermore, the amount of liquid oil did not influence the value of ZP (Mitrea et al., 

2014). However, some liquid oil has shown their influence on the ZP value. For example, 

the increasing amount of oleic acid from 15 % to 30 % in NLC formulations will 

decreased the absolute value of zeta potential from (-19.7 ± 0.23 mV) to (-12.7 ± 0.19 

mV) (Emami et al., 2012). Similar to  corn oil, ZP value of NLCs became more negative 

from -44 mV to -55 mV when increased the amount of corn oil from 0 % to 100 %  due 

the smaller particle size that had the higher surface charge density (Nguyen et al., 2012). 

The value of ZP is affected by pH. As discussed by Choi and group, ZP value showed 

an almost zero mV at pH 2 and 4. The carboxyl group of oleic acid (liquid lipid used) in 

this formulation was protonated at low pH. However, gradual increase of pH resulted in 

a decreased of ZP to negative value. This is due to deprotonation of carboxylic acid at 

high pH to carboxylate that causes a negative ZP value. Furthermore, NLCs that coated 

with chitosan and positively charged chitosan derivative (HTCC) also displayed a highly 

positive ZP value at low pH. It's due to the protonation of amino group for chitosan and 

quaternized ammonium group from HTCC (Choi et al., 2016). 

2.5.2 Differential scanning calorimeter (DSC) 

DSC is used to identify the thermal properties such as melting point and melting 

enthalpy. It is also used to obtain the crystallization behavior of NLCs. The degree of 

crystallinity can be calculated from the ratio of NLCs enthalpy to the bulk lipid enthalpy, 

which is calculated from the basis of total weight. DSC is a thermo-analytical technique 
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in which different amount of heat as a function of temperature was applied to increase the 

temperature of sample and reference (empty aluminium pan). Both sample and reference 

are maintained at the same temperature throughout the experiment. The temperature 

program for DSC analysis is designed that, the sample holder temperature increases 

linearly as a function of time. The reference sample should have a well-defined heat 

capacity over the range of temperatures scanned. The technique was developed by E. S. 

Watson and M. J. O’Neill in 1962. It was introduced commercially in 1963 at Pittsburgh 

Conference on Analytical Chemistry and Applied Spectroscopy.   

The connection between solid and liquid lipid in NLCs can be illustrated by DSC 

thermograms. As mentioned by Pan and team, the melting temperature, melting peak 

height and melting enthalpy were decreased when the percentage of liquid lipid is 

increasing in NLC formulations. Moreover, the solidification temperature, solidification 

peak height and solidification enthalpy decreased when increasing the percentage of 

glyceryl trioctanoate (liquid lipid) in the production of NLCs. It also could minimize the 

formation of eicosane (solid lipid) crystals with the presence of liquid lipid composition 

(Pan et al., 2016). It indicated a change in the polymorphic state of lipid from crystalline 

to amorphous with more deficiency in the crystal lattice which can provide space for drug 

loading (Sadati Behbahani et al., 2019). According to Zhao and friends, the addition of 

oleic acid as liquid lipid will formed more liquid nanocompartments of oil in the solid 

matrix and did not change the structure of NLCs (Zhao et al., 2016). 

The presence of surfactant in NLCs influence the appearance of DSC thermogram. As 

mentioned by Lin and Duh, NLCs that composing sodium dodecyl sulfate (surfactant) in 

the aqueous phase, had the low enthalpy of fusion. It is because the sodium dodecyl 

sulfate hindered the recrystallization rate of lipids in NLCs. The similar result were 

reported by Kalam and group, the reduction in recrystallization rate of mixed lipids was 
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noticed with the presence of P188 as a surfactant in NLC formulation (Kalam et al., 2010; 

Lin & Duh, 2016). 

DSC profiles are applied to determine if drug is dispersed and encapsulated in NLCs 

completely. Lin and Duh used lansoprazole as an active ingredient to be encapsulated in 

NLCs. The endothermic melting peak of lansoprazole was disappeared in NLCs. This 

observation indicated that, lansoprazole was solubilized in the lipids (Lin & Duh, 2016). 

Similarly, the melting point of pure doxorubicin hydrochloride (drug) was disappeared in 

the thermogram of doxorubicin hydrochloride loaded NLCs. Therefore, it indicated that 

doxorubicin hydrochloride did not form precipitated on the surface of NLCs but remained 

as a molecular dispersion in NLCs (Zhao et al., 2016). 

2.5.3 X-ray diffractometer (XRD) 

In XRD, the monochromatic beam is diffracted at a specific angle by the spacing of 

the planes in the crystals. The type and arrangement of the atoms will be recorded by a 

detector as a certain pattern. The intensity and position of the diffraction peaks are 

exclusive to each type of crystalline materials.  

XRD diffractogram is applied to determine the arrangement of lipid molecule, phase 

behavior and the structure of lipid. XRD is an important analysis to study the length of 

long and short spacing of the lipid lattice. The crystallinity of NLCs can be identified by 

using XRD. The polymorphism status of NLCs also can be detected by XRD 

diffractogram.  

It has been reported that, XRD diffractogram is capable to explain the phase behavior 

and describe the structure of drug molecules in NLCs. From the past literature, the 

docetaxel (drug) was loaded in formulated NLCs. The high crystalline characteristic 

peaks of pure docetaxel can be detected in the 2θ scattered angle at 11°, 13°, 14°, 16°, and 
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17° in XRD diffractogram.  However, the blank NLCs and docetaxel loaded in NLCs only 

showed one significant peak at 24°. The crystallinity properties of pure docetaxel 

disappeared after being loaded in NLCs. So, it was assumed that docetaxel had been fully 

dispersed and encapsulated in NLCs (Qiua et al., 2012; Chen et al., 2014). 

Quercetin was used as an active ingredient by Sun and group. Quercetin exhibited a 

high crystalline structure from the immense peak produced in XRD diffractogram. Then, 

quercetin was completely disappeared in the XRD pattern of quercetin loaded NLCs. It 

was discovered that the molecule of quercetin was dispersed in the hydrophobic core 

region and formed an amorphous complex with the matrix of NLCs (Sun et al., 2014).  

As stated by Behbahani and team, the sharp intensity of stearic acid (solid lipid) in the 

2θ scattered angle at 7.01, 11.72, 21.54 and 23.84 was reduced with the presence of 

caprylic/capric triglyceride (liquid lipid) in NLC formulation. Thus, it is indicating a 

lower crystallinity of NLCs with the reduced intensity of stearic acid in it. (Sadati 

Behbahani et al., 2019). 

2.5.4 Field emission scanning electron microscope (FESEM) and transmission 

electron microscope (TEM) 

The surface morphology and shape of NLCs can be observed from these two 

microscopy techniques. There is not much difference between SEM and FESEM except 

the type of beam gun. SEM used electromagnetic, while thermionic for FESEM. FESEM 

is capable to produce micrograph with high magnification and resolution. It will have a 

better quality compared to the SEM micrograph. FESEM employs the concept of 

electrons scattered from the surface of samples. The appearance of NLCs sample can be 

in the form of lyophilized or non-lyophilized to be viewed under FESEM. However, 

NLCs sample need to be dried before viewing its surface morphology. NLCs is placed on 

the aluminum specimen stubs that covered with the carbon double-sided tape or carbon 
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paste. Then, NLCs sample is submitted to a gold or palladium coating by using sputtering 

system at certain current for several minutes under a vacuum condition.  

Coating is a very important for non-conducting samples like NLCs. It will minimize 

the electron charging within the sample during viewing. The specimen is irradiated with 

an electron beam. For non-conducting sample, it causes accumulation of static electric 

charges on the specimen surface and charging effects can be arise from it. This static 

charge can influence the electron signals and lead to disintegrate of image information.  

Figure 2.6 illustrated the differences of secondary electron emission during FESEM 

analysis between coating and non-coating NLCs sample. Figure 2.6 (a) represented a 

coating sample of NLCs. The charges are passed to the ground via conducting layer. 

Hence, negative charges are not accumulated over the sample. On the other hand, figure 

2.6 (b) representing a non-coating sample of NLCs. Secondary electrons emitted from the 

sample may be less due to the decrease of incident electron that can be landed on the 

sample. The electron just sticks on the sample’s surface and does not passed through the 

layer. This form a negative charge of sample that will reject the electrons and causing 

them to distort in paths and show a deteriorated image.  

 

Figure 2.6 :(a) Coating NLC sample (b) Non-coating NLC sample 
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    Figure 2.7 showed the SEM micrographs from the previous research for modified 

beeswax, medium chain triglycerides oil, alkylpolyglucoside and ethanol sample. Refer 

to the past experiments, most of the micrographs indicated spheroid-like particles spread 

on the rough surface. In addition, some micrograph represented the agglomeration of 

NLCs that may be due to the lipid nature of carrier and the drying process during sample 

preparation before FESEM analysis (Kuo & Chung, 2011). 

 

Figure 2.7: SEM micrograph of NLC prepared from modified beeswax, medium 
chain triglycerides oil, alkylpolyglucoside and ethanol (reprinted permission has 
obtained from Elsevier) 

(Lasoń et al., 2016) 

TEM is capable to capture image at higher resolution compared to light microscopes. 

This enables TEM to snap a fine detail image even as small as a single column of atoms, 

which is thousand times smaller than a resolvable object seen in a light microscope. 

Negative staining towards the NLCs specimen is necessary for contrasting a thin 

specimen with an optically opaque fluid. Once the background is stained, the actual 

specimen is left untouched, thus it became visible. Phosphotungstic acid and uranyl 

acetate are the examples of negative staining agent. The concentration of negative staining 

agent should be adjusted until it reaches the suitable transparency to display the 

micrograph on the computer (Bello et al., 2010). Figure 2.8 represented the micrographs 
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of TEM from the previous research. Most of them showed a non-aggregated particle with 

a spherical shape. 

 

Figure 2.8: TEM micrograph of NLC prepared from triglycerides of caprylic/capric 
acid, glycerol monostearate type 1 EP and lauroyl macrogol-6-glycerides EP 
(reprinted permission has obtained from Elsevier) 

(Ammar et al., 2016) 

2.6 Optimization study of NLCs 

Optimization is the method that capable to explore and determine the problem of 

minimizing or maximizing an objective function that connect the variable to optimize the 

design and operating variables. In this experiment, optimization of NLCs formulation is 

very important in order to get the best formulation before proceeds with the encapsulation 

efficiency and drug release study. Most of the optimized formulations will be selected 

based on the particle size, zeta potential value and also PDI value (Araújo et al., 2011; 

Hejri et al., 2013; Baig et al., 2020) 

Various NLC Formulations had been optimized from the previous works. As stated by 

Lakhani and friends, three level response surface design (Box-Behnken Design) was 

applied to optimize the PEGylated NLC for maximum drug loading, minimum particle 

size and polydispersity index (PDI). The experiment design was produced and interpreted 

by using Design Expert® version 8 (Stat-Ease, INC, MN, US). From this experiment, the 
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optimized formulation was found to be 218 ± 5 nm and 0.3 ± 0.02 for particle size and 

PDI respectively (Lakhani et al., 2019).  

Besides, NLC formulations loaded with retinoids (drug) had optimized by using the 

software STATISTICA 10 (StatSoft, Inc., 2010, EUA). The optimized formulation will 

be chosen based on the three responses which are particle size, zeta potential and 

encapsulation efficiency. In this experiment NLC Particles sizes of 134.5 ± 5.4 nm and 

zeta potential value of -57.0 ± 2.8 mV were obtained as optimized formulation (Pinto et 

al., 2019). 

According to the past research, Baig and the group was optimized NLC formulations 

by operating Box Behnken design method (BBD). In this experiment, they found the 

optimized NLC formulation in the range of 98.04 to 230.12 nm, 0.144 to 0.351 and 12.83 

to 26.65 mV for particle size, PDI and zeta potential value respectively (Baig et al., 2020). 

 

2.7 Terbinafine hydrochloride (TBHC1) 

  TBHC1 is a synthetic allylamine drug commonly used as antifungal. It has a 

comprehensive activity against yeast, fungi, molds and dermatophytes. It is a poor water-

soluble drug and highly lipophilic (log P 3.3) in nature. Figure 2.9 represented the 

molecular structure of TBHC1.  
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Figure 2.9: Molecular structure of TBHC1 

In the past research, TBHC1 had been encapsulated in NLCs that contained glyceryl 

monostearate, Labrasol® and poloxamer 407 for topical delivery. In this experiment, the 

entrapment efficiency and drug loading of optimized NLC formulation were determined 

at (80.24 ± 4.56) % and (14.26 ± 1.82) % , respectively (Gaba et al., 2015). The other drug 

delivery systems as listed in the table 2.6. The dosage and administration of TBHC1 to 

the adult was 250 mg per day (Karthik et al., 2016). Toxicity studies of TBHC1 has been 

recorded in the table 2.7. 

 

Table 2.6: TBHC1 incorporated in drug delivery systems 

Drug delivery 
system 

Remarks References 

Chitosan 
hydrogel 

Drug content in chitosan hydrogel was 
detected between 88.8 and 93.5 %. 

(Sen et al., 2000; 
Özcan et al., 2009) 

SLNs Entrapment efficiency of TBHC1 
in SLNs was presented at 74.56 ± 1.41 
%, while drug content was found to be 

0.98 ± 0.04 %. 

(Vaghasiya et al., 
2013) 

Liposome Entrapment efficiency of TBHC1 
in liposome was determined at 84.38 ± 

2.13 %. 

(Tanriverdi & Ozer, 
2013) 

Ethosomes Entrapment efficiency of TBHC1 
in ethosomes was reported at 59.25 ± 

1.9 %. 

(AbdelSamie et al., 
2016) 
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Table 2.7: Toxicity studies of TBHC1 

Toxicity studies References 
Amount 

applied 
Samples 

(Human/Animal) 
Results 

120 mg/kg 
orally once a 

day 

Red-tailed 
hawks 

Exhibited 
regurgitation 

(undigested food) within 
3 hours of 

administration. 

(Bechert et al., 
2010) 

   
97 mg/kg 

orally once a 
day for 1 year 

Rats Without death or 
organ toxicity. 

(Schmitt et al., 
1990) 

   
100 mg/kg 
and 200 

mg/kg gave 
orally at the 

once day 

Rabbits Infected with the 
coccidiomycosis (valley 
fever) and aspergillosis 
(disease caused by the 

infection of fungi). They 
had no significant effect 

on the disease 
progression. 

(Sorensen et al., 
2000; Kirkpatrick et 

al., 2005) 

   
20 mg/kg 

orally once a 
day 

Horses Adverse effects (like 
pawing at the ground, 

curling of the lips, head 
shaking and anxiety) 

were detected in 1 out 6 
horses 

(Williams et al., 
2011) 

   
 

2.8 Calcein 

Calcein also known as fluorexon or fluorescein complex. It is a water-soluble 

polyanionic fluorescein derivative with photosensitizing properties. It has an orange 

crystals appearance. It has been used as an indicator in drug release studies of lipid vesicle 

and as a contrast agent in retinal angiography (Kopechek et al., 2008). Furthermore, it is 

traditionally employed as a complexometric indicator for titration of calcium ions with 

EDTA and for fluorometric determination of calcium. Calcein was also applied as a 

model of hydrophilic drug in a variety of drug delivery systems as reported in table 2.8. 

The molecular structure of calcein is shown  in the figure 2.10 (Gao et al., 2017). 
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Table 2.8: Calcein in drug delivery system 

Drug 
Delivery 
Systems 

Functions Results References 

Liposome Hydrophilic 
marker 

(interaction 
study between 

drug and 
liposome) 

It was found to permeate 
into liposomal membrane in 
response to osmotic pressure 
gradient that created across 

the membrane. 

(Kopechek et 
al., 2008; 

Maherani et al., 
2013) 

Hydrogel Model drug  The calcein encapsulation 
efficiency in hydrogel was 

reported between 20.0 to 80.1 
%. 

(Han et al., 
2005) 

Metal-
organic 

framework 

Hydrophilic 
molecule in 

metal organic 
framework 

The drug loading was 
determined between 1.0 ‒ 

15.2 %. 

(Orellana-
Tavra et al., 

2015; Orellana-
Tavra et al., 

2016) 
Bacterial 

ghost platform 
Water-

soluble 
substance 

By using fluorescence 
microscope, 27 % of bacterial 
ghost platform was filled well 

with calcein. 

(Paukner et 
al., 2003) 

Mesoporous 
silica 

nanoparticles 

Model drug Total loaded of calcein 
was revealed between 

1136.48 ‒ 1950.80 μg. 

(Huang et al., 
2014) 

Microneedle Hydrophilic 
molecule 

The skin permeability of 
calcein was reported highest 
when 0.1 g of calcein gel was 
coupled to the 500 μm-depth 
microneedle (154 ea/cm2). It 
showed an approximately 5- 

and 3.6-fold increase in 
calcein permeation into the 

rat skin. 

(Oh et al., 
2008) 
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Figure 2.10: Molecular structure of calcein 

2.9 Separation of non-encapsulated drug from NLCs 

There are diverse methods can be applied to separate the non-loaded drug from those 

drug loaded in NLCs. The hydrophobic drug molecules homogeneously diffuse in the 

lipid matrix or enrich in the lipid core. Inversely, aqueous and interfacial phases are the 

main locations for encapsulation of hydrophilic drug (Fang et al., 2013). 

Centrifugation method is widely used to separate the drug loaded in NLCs from those 

non-loaded. From the past research, NLCs dispersion was acidified with 0.1 N 

hydrochloric acid for aggregation and isolation of lipid nanoparticles. It was then 

submitted to a high-speed centrifuge at 10,000 rpm (5590×g) for 30 minutes. Supernatant 

decanted and the pellets were resuspended in 10 mL methanol and analyzed via high 

performance liquid chromatography (HPLC). The Encapsulation efficiency (EE) 

obtained was in the range of 66 % to 95 %, while Drug loading efficiency (DLE) was in 

the range between 6.5 % and 9.4 % (Khan et al., 2016; Swidan et al., 2016). 

Filtration is another method that was employed to discrete drug from NLCs. According 

to Nguyen and team, NLCs dispersion was filtered using a cellulose ester membrane of 1 

mm pore size to remove non-encapsulated drug that has been precipitated in the solution. 
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After that, NLCs dispersion was diluted 5-fold with distilled water followed by dissolving 

in organic solvents. The encapsulated drug was determined by using HPLC at certain 

wavelength. EE of NLC formulations was found between 41.1 % and  83.6 % (Nguyen 

et al., 2012). The other result indicated that, by filtering NLCs with 0.45 μm cellulose 

nitrate membrane, the EE obtained was in the range of 86. 73 % and 92.96 % (Li et al., 

2016). As studied by Bondi and group, the freeze-dried of NLCs were dissolved in 1:1, 

acetonitrile: chloroform solution. Next, it was filtered with 0.45 μm 

polytetrafluoroethylene (PTFE) filters before analyzed by HPLC. The EE of tyrphostin 

AG-1478 (drug loaded NLCs) was obtained in the range of 28 % and 70 %, while in the 

range of 1.7 % and 24.0 % for DLE respectively (Bondì et al., 2014). 

The combination between filtration and centrifugation method also has been practiced 

for the same purpose. According to the previous research, NLCs filtrate was diluted to 

100-folds with acetone. The drug was extracted completely from lipid to acetone by using 

cyclomixer. Then, drug content was determined by using HPLC. The amount of non-

encapsulated drug was measured by ultrafiltration. It used centrifugal filter tubes with 

molecular weight cut off 300 kDa (Millipore, Ireland). Then, it was centrifuged at 5827×g 

for 10 minutes. Amount of drug in aqueous phase was determined by using HPLC. The 

EE and DLE were found to be 93 % and 1.06 % respectively (X. Zhang et al., 2008). By 

using the same technique with a different setting, NLCs exhibited EE in the range of 89.1 

% and 93.6 % (Kelidari et al., 2017). Ammar and the team (2013) conducted the 

experiment by using this separation method. The supernatant was filtered and diluted with 

methanol after centrifuge about 1 hour in 7000 rpm at -4 °C. Then, the free drug was 

determined spectrophotometrically. NLCs was presented a high EE that above 95 %. 

Commonly, a high EE is obtained in NLCs due to the high lipophilicity and low water 

solubility of drug (Ammar et al., 2016). 

Univ
ers

iti 
Mala

ya



42 

Centrifugal ultrafiltration method has been employed to separate non encapsulated 

drug from NLCs dispersion. NLCs dispersion was placed into the upper chamber of 

centrifugal tubes. After that, it was centrifuged for a certain period of time and speed. 

Then, the concentration of free drug in supernatant was determined 

spectrophotometrically. From the past research, by using the same method, EE for 

triamcinolone acetonide (drug) obtained by Araújo and friends were at 94. 82 %, while 

0.26 % for DLE (Araújo et al., 2011). Beloqui and team (2013) analyzed that, NLC 

formulations displayed an almost ~100 % for EE, while 0.9 % for DLE (Beloqui et al., 

2013). This method is convenient and able to separate the free drug without damage the 

carrier (Shi et al., 2013). 

Lastly, size exclusion chromatography technique is another alternative method applied 

in the previous literature to separate non-encapsulated drug from encapsulated drug in 

NLCs. The separation concept is correlated to the size of molecules and the pore size of 

the solid phase. Gel used is varying in molecules and pore size. It can be used as a solid 

or stationary phase in a column. Most of the researchers used Sephadex, which is a cross-

linked dextran gel that used to separate the drug from the drug carrier itself. The gel 

should be soaked in the eluent or mobile phase for a sufficiently long period to reach the 

maximum swelling phase. It is important to ensure the gel reach its maximum swelling 

and functioning efficiently. Besides, it is necessary to ensure there is no air bubbles 

trapped in the column during the process of column packing. Solid phase of gel particles 

consisted tiny spherical beads with defined pore size on their surface. Hence, non-loaded 

drug with smaller size will be encapsulated or trapped in NLCs during separation process. 

On the other hand, NLCs loaded drug are larger in size that leads them to pass by the pore 

and eluted first from the column. However, this method is time consuming and causes 

sample dilution. As mentioned by Kumbhar and Pokharkar, the EE of NLCs was found 

decrease when increasing the amount of drug added in formulation without increase the 
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lipid composition by using this separation technique (Kumbhar & Pokharkar, 2013). In 

addition, Zhang and the group has determined that, the EE and DLE were 48.34 % and 

8.06 %, respectively (Zhang et al., 2013). By using the same method, the other researchers 

found EE at 90.2 % for the separation of phenylethyl resorcinol (model drug) from NLCs. 

These researchers used sephadex with a difference pore size as a stationary phase in a 

column (Fan et al., 2014). 

2.10 Drug release of NLCs 

The drug release response from NLCs depends on the production temperature, 

emulsifier constitution and oil percentage that included in the lipid matrix (Hu et al., 

2006). The drug adsorp on the outer shell or particulate surface of NLCs is released in a 

fast manner, while the drug incorporated in NLCs core is released in a prolonged way. 

The constant release of drug can be interpreted from a drug partitioning between lipid 

matrix and water as well as the barrier function of the interfacial membrane (Yuan et al., 

2007).  

The methods used in the study of in vitro drug release involves diffusion of drug either 

through Franz cell or dialysis tubing. The set-up of drug release studies should simulate  

the in vivo environment, such as temperature, ionic strength, and pH (Chen et al., 2010; 

Kuo & Chung, 2011; Poonia et al., 2016). 

Regularly, the synthetic membrane is mounted as a barrier between donor and receptor 

compartment in the Franz diffusion cell (Bronaugh & Stewart, 1985). Variety type and 

pore size of membrane can be used in the Franz diffusion cell. The diffusion membrane  

should compose of inert and non-adsorbing material with receptor chamber (diffusate 

chamber) volumes about 0.5 – 10 mL and surface areas of exposed membrane about 0.2 

– 2 cm2. Then, it was run in a static cell (vertical or side-by-side) not in continuous flow 

cell. It is usually employed when evaluating drug delivery system such as sonophoresis, 
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iontophoresis or electroporation. Besides, the receptor fluid is continuously stirred at a 

certain speed and stop at the appointed time (Bartosova & Bajgar, 2012). In Franz 

diffusion cell, the drug release of lidocaine (active ingredient) from NLCs was noticed at 

69 % and 59 % for two different NLC formulations. A burst release was also observed in 

the first 30 minutes for NLC formulation. It released lower compared to lidocaine solution 

(~97) % itself  (Ribeiro et al., 2016). The cumulative drug release of isoliquiritigenin  

(active ingredient) from NLCs was found in the range of 17.50 % and 20.88 % after 24 

hours of analysis (Noh et al., 2017). Besides, lutein (active ingredient) was released below 

0.4 % at the certain parameter of Franz diffusion cell. This is because, the solid shell in 

NLCs could preserve and immobilize lutein in the core of lipid (Liu & Wu, 2010). 

Dialysis tubing or visking tube is a type of semi-permeable membrane tubing that is 

used in diffusion drug release studies. A chosen medium is placed on opposite site of a 

dialysis membrane which contains pores of a manufactured size-range. The pore size-

range of dialysis membrane is referred to the molecular weightcut-off (MWCO) of 

membrane. Generally, a membrane’s MWCO refer to the smallest average molecular 

mass of a standard molecule that will not effectively diffuse across the membrane. There 

are various MWCO dialysis membrane have been commercially introduced, like 5000 

Da, 10000 Da, 30000 Da and 50000 Da. Diffusion through dialysis membrane was 

adequately fast to qualify the Float-a-Lyzer for an in vitro release system as shown in the 

figure 2.11 (D’Souza & DeLuca, 2005). Univ
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Figure 2.11: Illustration of set-up for in vitro release from microspheres using the 
Float-a-Lyzer 

By using dialysis bag, the mangiferin (active ingredient) was released higher than 80 

% within 20 hours analysis from NLCs into the 0.1 N HCI and phosphate buffer (medium) 

(Khurana et al., 2017).  

By using the same technique, 14 % of brucea javanica oil (drug) was approximately 

released from NLCs at the first 12 hours, while, less than 60 % of the drug was released 

from dialysis bag within 108 hours analysis (Lv et al., 2016). As eloquently stated by 

Mendes and team, the miconazole (drug) was released at 22 % after 48 hours run. The 

rapid released drug was observed in the first half an hour (Mendes et al., 2013). 

In addition, Jain and the team indicated that the quercetin dihydrate solution (drug 

solution) was released higher at 92 % compared to the NLC and SLN formulations in this 

experiment. NLC and SLN were significantly released with 55 % and 45 % at the end of 

24 hours respectively. The release of quercetin dihydrate from SLN was release lower 

than NLC due to the looser nanoparticulate matrix of NLC with the presence of oil in the 

formulation (Jain et al., 2013; Nasirizadeh & Malaekeh-Nikouei, 2020). 
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Besides, tilmicosin was used as the active ingredients in NLC formulation. The release 

rate of tilmicosin from NLC was found significantly lower than tilmicosin solution at 

(59.96 ± 0.64) % and (81.94 ± 0.71) % respectively (Zhang et al., 2019).  

According to the Gönüllü and group, the release of lornoxicam (drug used in this 

experiment) from NLC formulation was analyzed higher compared to SLN formulation. 

With the addition of liquid lipid in NLCs it will be made more easier for drug diffusion 

of release process from the drug system itself (Gönüllü et al., 2015). 

Drug release kinetics is the mathematical model applications of drug release study. It 

involved the study of drug release rate, diffusion study and factors that affect the drug 

release rate. It is crucial to investigate the drug release pattern because it can represent 

the efficiency of drug formulation system. There are various mathematical models that 

applied in the drug release study (Taymouri et al., 2019). Examples like Korsmeyer-

Peppas, Higuchi, First Order and Baker-Londale. The equation for each model has been 

showed in table 2.9 (Zhang et al., 2010). 

Table 2.9: Equations of Mathematical Models 

Mathematical Models Equations 
Korsmeyer-Peppas 𝑘𝐾𝑃𝑡𝑛                            (2.1) 

Higuchi 𝑘𝐻𝑡0.5                            (2.2) 
First Order 100[1 − 𝑒−𝑘𝑡]               (2.3) 

Baker-Londale  

3

2
[1 − (1 −  

𝐹

100
)

2

3
] −

𝐹

100
= 𝑘𝐵𝐿𝑡    (2.4) 

 

 

𝑘𝐾𝑃 is a release constant incorporating structural and geometric characteristics of the 

drug dosage form, 𝑡 is a time in hours, 𝑛 is a diffusional exponent indicating the drug-
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release mechanism or release exponent value,  𝑘𝐻  is a Higuchi release, 𝑘 is a first order 

release constant,  𝐹

100
 is a fraction of drug release and 𝑘𝐵𝐿 = [3 × 𝐷 ×  𝐶𝑆 (𝑟0

2⁄  ×  𝐶0)], 

where 𝐷 is the diffusion coefficient, 𝐶𝑆 is the saturation solubility, 𝑟0is the initial radius 

for a sphere or cylinder or the half-thickness for a slab, and 𝐶0 is the initial drug loading 

in the matrix. 

Korsmeyer-Peppas is a simple relationship which described drug release from a 

polymeric system. The value of 𝑛 is used to characterize a different release mechanism. 

First order release kinetics is a drug release rate that depends on the concentration. A 

graphical representation is the log of remaining drug percent versus time.  

Higuchi’s model represents the amount of drug released versus square root of time. It 

can illustrate the drug release as a diffusion process based on the Fick’s Law which is 

square root time dependent. Its equation can be applied to other types of drug delivery 

systems, like controlled release transdermal patches or films for oral controlled drug 

delivery. Then, Baker-Londale model is for a controlled release from spherical matrix. 

This model also can applied for linearization of the release drug from microcapsules 

formulation (Paarakh et al., 2018). 

Referring from the previous experiment that conducted by Choi and the team, NLC 

formulations were fitted well with Korsmeyer-Peppas model compared to the other 

kinetic models due to the highest regression coefficient value (R2)  were resulted as 0.955, 

0.9372 and 0.9645 (Choi et al., 2016). The equivalent result also has been found from 

previous work that handled by Cunha and the team (Cunha et al., 2020). 

2.11 Applications of NLCs 

Table 2.10 has detailed the list of NLCs applications in the past research works.
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Table 2.10: Applications of NLCs 

List of Applications Research Highlights References 
Drug carrier by topical administration ❖ NLCs assure increase penetration of drug into epidermis 

by close contact with stratum corneum. 
❖ NLCs can be used to upgrade the occlusive properties. 
❖ NLCs has lipid matrix that able to prevent the burst 

release in typical topical formulations. 

(Aliasgharlou et al., 2016; Ghate et 
al., 2016) 

Drug carrier by oral administration ❖ Protect the water insoluble drugs or else that were easily 
damaged by digestive enzymes such as antibiotics and 
enzymes. So, this is the reason it must incorporate in 

NLCs. 
❖ NLCs can absorb through the lymphatic system. 

❖ The controlled-release particles can slow down drug 
degradation and elimination. 

❖ Able to enhance the bioavailability of drugs 
 

(Puglia et al., 2008; Chen et al., 
2010) 

Cancer chemotherapy ❖ NLCs offered a promise to solve some of cancer 
chemotherapy’s limitations. 

❖ The limitations are poor specificity, high toxicity and 
responsiveness to induce the pharmaceutical resistance. 

(Selvamuthukumar & Velmurugan, 
2012; Di et al., 2016) 
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Table 2.10: Continued 

List of Applications Research Highlights References 
Drug carrier by intravenous 

administration 
❖ NLCs has been transformed to a colloidal solution or 

freeze-dried powder. 
❖ NLCs has achieved a sustain release and prolong the 

residence time of the drug in the circulatory system or 
target site. 

(Z. Zhang et al., 2008; Prabhu et al., 
2016) 

Cosmeceuticals ❖ NLCs contains some properties which protect the 
sensitive compound against chemical degradation. 
❖ It can enhance the chemical stability of active 

ingredients in NLCs. 
❖ Increase skin hydration. 

❖ Improved skin bioavailability of actives and skin 
targeting. 

(Müller et al., 2007; Uraiwan & 
Satirapipathkul, 2016) 

Agriculture ❖ NLCs promote photo-protection for the incorporated of 
active ingredient (pesticide) in it. 

(Nguyen et al., 2012) 
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Table 2.10: Continued 

List of Applications Research Highlights References 

Food science ❖ Food grade NLCs offered interesting structures which 
can upgrade the stability of encapsulated bioactive, 
improves loading capacities and promotes sustained 

release profiles. 
❖ Food grade NLCs must be used ingredients that 

reached the Generally Recognized as Safe (GRAS) 
status that approved by Food and Drug Administration 

(FDA). 
❖ The formulated NLCs offered a potential 
application in soft beverage. The particles size 

was found constant in simulated beverage 
solutions for 2 months. 

(Livney, 2015; Katouzian et al., 
2017) 
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Among these applications, NLC presented to be particularly advantageous as carriers 

for topical administration of active pharmaceutical ingredient. NLC possess occlusive 

properties due to film formation on the skin surface. They can reduce the trans-epidermal 

water loss and enhance the penetration of drugs through the stratum corneum by increased 

hydration and consequently enhance the treatment efficiency. NLC also offer a prolonged 

release and improved bioavailability of the drug at the site of action. 
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CHAPTER 3: MATERIALS AND METHODOLOGY 

3.1 Chemicals 

    Beeswax, cera alba (refined, yellow), decanoic acid, palmitic acid, kolliphor el, 

rosemary oil (RO), phosphate buffer saline (PBS tablet), poloxamer 407, TBHC1, and 

sephadex® G-50 were purchased from Sigma Aldrich. P188 and calcein were purchased 

from Merck. Cocoa butter from MP Biomedicals and oleic acid from Friendemann 

Schmidt. Virgin coconut oil from Inti Food Sdn. Bhd, isopropyl myristate from Spectrum 

Chemical. Ethanol was bought from R&M Chemicals. All solutions and samples were 

prepared by using DW with a resistivity of 18.2 MΩ.cm at 25 ˚C. All reagents used were 

of pharmaceutical, food and analytical grade  

3.2 Formulation NLCs and SLNs 

3.2.1 Melt-emulsification combined with ultrasonication method 

The mixture of lipids and surfactant was preheated at 75  1 ˚C (which is higher than 

the melting point of the BW used), homogenized, and sonicated for 4, 6, and 10 minutes 

using a sonic dismembrator (Model 505, Fisher Scientific, USA) at an amplitude of 20 

%, 35 %, 50 %, and 70 % prior to being topped up with an appropriate amount of cold 

water to form an emulsion. The influence of the sonication time and amplitude percentage 

on the particle size of NLCs were also studied in this experiment. An excellent dispersion 

can be acquired by elevating the production time, stirring rate, emulsification time and 

stronger ultrasound power (Hou et al., 2003). However, the manufacturing of NLCs with 

high pressure homogenization, high temperature and high surfactant concentration will 

cause a burst release formulation. Therefore, the optimization of preparation method is 

prominent to produce NLCs with the required criteria as a drug carrier.  

From previous research, 10 minutes was sufficient to obtain small sized formulations 

(Baek et al., 2015). Homogenization and sonication for longer than 10 minutes would 

likely cause metal contamination from the probe, which would decrease the quality of the 
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SLNs and NLCs (Liu & Wu, 2010). There is not much difference between the preparation 

method for SLNs and NLCs; NLCs require solid and liquid lipids heated together with a 

surfactant, whereas SLNs need only solid lipid heated together with surfactant. 

3.2.2 Design of experiments 

The effects of the relative proportions of the lipids, surfactant, and solvent on the 

particle size and zeta potential of the formulated lipid carriers were evaluated with an 

extreme vertices mixture design using JMP® 12 Statistical DiscoveryTM from SAS (USA). 

Table 3.1 shows the ranges of the investigated variables and their linear constraints, 

whereby the randomized design matrix is illustrated on table 3.2. Formulations in table 

3.3 has been applied for the comparison of RO composition purpose. 

The responses obtained were modelled with a Scheffe's quadratic polynomial as a 

function of relative proportion of the components, 𝑋𝑖 that represented as equation (3.3): 

𝑦𝑖 = ∑ 𝛽𝑖𝑋𝑖𝑖 + ∑ 𝛽𝑖𝑗𝑋𝑖𝑋𝑗𝑖,𝑗                                                                                      (3.3) 

where 𝛽𝑖 are linear coefficients, and 𝛽𝑖𝑗 are binary interaction coefficients of 

components 𝑖 and 𝑗 (𝑖 ≠ 𝑗). 

Table 3.1: Ranges and constraints of the mixture proportions 

Control variable Composition 
Min  Max  

BW 𝑥1 0 0.1 
RO 𝑥2 0 0.05 
P188  𝑥3 0.01 0.05 
DW 𝑥4 0 0.94 

Linear constraints 
0.05 ≤ 𝑥1 + 𝑥2 ≤ 0.1                  Equation (3.1) 
𝑥1 ≥ 𝑥2                                        Equation (3.2) 
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Table 3.2: The designed matrix and responses 

Run/Formulation 𝑥1 𝑥2 𝑥3 𝑥4 Mean particle size, 𝑦1/nm Mean zeta potential, 

 𝑦2/ mV 
F1 0.05 0.05 0.05 0.85 163  2 -32  5 
F2 0.05 0.05 0.01 0.89 727  102 -38  7 
F3 0.075 0 0.05 0.875 144  1 -34  3 
F4 0.0375 0.0375 0.03 0.895 217  6 -38  4 
F5 0.05625 0.01875 0.01 0.915 585  65 -39  7 
F6 0.05 0.05 0.03 0.87 265  4 -38  5 
F7 0.075 0.025 0.05 0.85 188  2 -38  4 
F8 0.1 0 0.01 0.89 836  164 -39  6 
F9 0.05 0 0.05 0.9 140  2 -34  4 
F10 0.075 0.025 0.03 0.87 269  7 -39  5 
F11 0.05 0 0.01 0.94 448  73 -41  6 
F12 0.025 0.025 0.05 0.9 133  1 -33  3 
F13 0.1 0 0.05 0.85 168  2 -35  3 
F14 0.05 0 0.03 0.92 163  2 -37  5 
F15 0.0375 0.0375 0.05 0.875 155  2 -34  4 
F16 0.0375 0.0125 0.03 0.92 174  2 -36  5 
F17 0.0375 0.0125 0.01 0.94 418  46 -39  7 
F18 0.05625 0.01875 0.05 0.875 161  1 -34  4 
F19 0.05625 0.01875 0.03 0.895 219  3 -38  5 Univ
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Table 3.2: Continued 

Run/Formulation 𝑥1 𝑥2 𝑥3 𝑥4 Mean particle size, 𝑦1/nm Mean zeta potential, 

 𝑦2/ mV 
F20 0.0375 0.0125 0.05 0.9 122  2 -30  4 
F21 0.025 0.025 0.03 0.92 184  1 -42  8 
F22 0.1 0 0.03 0.87 216  2 -38  3 
F23 0.075 0.025 0.01 0.89 532  63 -37  6 
F24 0.075 0 0.03 0.895 215  2 -39  5 
F25 0.075 0 0.01 0.915 597  104 -39  5 
F26 0.0375 0.0375 0.01 0.915 632  76 -42  7 
F27 0.025 0.025 0.01 0.94 452  49 -43  7 

 

 

Table 3.3: Formulations for the comparison of RO composition 

Formulation BW 
composition 

RO composition P188 
composition 

DW 
composition 

F28 0.05 0.04 0.03 0.88 
F29 0.05 0.03 0.03 0.89 
F30 0.05 0.02 0.03 0.9 
F31 0.05 0.01 0.03 0.91 Univ
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3.2.3 Long-term stability studies 

A stability study was implemented to evaluate the effect of storage on the average 

particle size, polydispersity index, and zeta potential value of the formulations. The 

measurement of these parameter was performed in triplicates. The formulations were 

stored in airtight container and kept at room temperature (27 °C) for 84 days.  

3.3 Encapsulation of TBHC1 or calcein in NLCs 

TBHC1 or calcein were added to the mixture of BW and RO prior heating and 

sonication to solubilize the drug with lipids. Hot P188 in DW at the same temperature (75 

°C) was added to the mixture, which was subsequently homogenized and sonicated to 

form an emulsion using a sonic dismembrator. Cold water was then added to the emulsion 

to form NLC-encapsulated TBHC1 or calcein.  

The solubility study of TBHC1 in solid and liquid lipids need to be observed since it 

is hydrophobic drug. It was necessary to investigate which lipid is the most compatible 

with TBHC1. The solubility of TBHC1 in solid lipid was tested using decanoic acid, 

cocoa butter, BW, and palmitic acid. It was performed by the addition of TBHC1 with 

increments of 2 mg into 0.1 g solid lipid, until it failed to dissolve further in the molten 

solid lipid (which were heated at 5 °C above their melting point) and formed a drug crystal 

(Baek et al., 2015). The required amount of solid lipid to solubilize TBHC1 was 

calculated. 

Approximately 3 mL liquid lipid was poured into a centrifuge tube; the liquid lipids 

used were isopropyl myristate, virgin coconut oil, oleic acid, RO and kolliphor el. 

Subsequently, 4 mg TBHC1 was added to the liquid lipids, and the centrifuge tubes were 

closed tightly and shaken continuously on an orbital shaker for 72 hours at 27 °C. 

Afterwards, the mixtures were centrifuged for 30 minutes at 5000 rpm. The supernatant 

was collected and dissolved in methanol. The solubility of TBHC1 in various liquid lipids 
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was quantitated using a UV-Visible spectrophotometer (Cary®50) at 25 °C (Gaba et al., 

2015). The concentration of TBHC1 in each oil was determined from the standard 

calibration curve (0.002 – 0.012 mg mL-1) with an R2 value of 0.999; and equation (3.4): 

 𝑦 = 21.8𝑥 +  0.0068                                                                                            (3.4) 

3.4 Freeze-drying of NLCs and SLNs dispersion 

SLNs and NLCs dispersions were frozen in a deep freezer to below -20 °C for 24 hours 

without the use of a cryoprotector. The samples were then transferred to a freeze-dryer 

(Labconco) for at least 12 hours to obtain the NLC powders. The collected samples were 

used for DSC and XRD analysis. 

3.5 Physico-chemical properties characterization  

The best NLC formulation was selected from the characterization that had been done 

for drug delivery study. This study included drug encapsulation efficiency, drug loading 

efficiency and drug release.  

3.5.1 Particle size and zeta potential measurement 

Determination of particle size and zeta potential of SLNs and NLCs were conducted 

using a Malvern Nano series Zetasiser (Malvern Instrument, UK) as shown in figure 3.1 

at 25 °C with a backscattering angle of 173˚. A sample volume of 0.5 mL was diluted in 

25 mL DW prior to analysis. It is imperative to prepare a highly disperse system with 

minimum opacity in a sample; if the sample is too concentrated, the light scattered by one 

particle will be scattered by another particle or interpreted as multiple scattering. This 

condition produces a variable and inconsistent measurement. Three measurements were 

performed for each sample. The sample was filled into the capillary cell as shown in 

figure 3.2. 
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Figure 3.1: Malvern Nano series Zetasizer (Malvern Instrument, UK) 

 

Figure 3.2: Capillary cell 

3.5.2 Differential scanning calorimeter (DSC) 

The thermal properties of BW, P188, SLNs, and NLCs were studied by DSC (TA 

Instrument, Model Q20) as presented in the Figure 3.3. Sample with mass of 5‒10 mg 

was sealed in a 40 µL aluminum sample pan and heated from 10 °C to 100 °C, at a rate 

of 5 °C min-1. An empty aluminum pan was used as a reference. Nitrogen gas was purged 

to provide an inert atmosphere during sample scanning. 
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Figure 3.3: Differential scanning calorimeter 

3.5.3 X-ray diffractometer (XRD)  

XRD analysis of freeze-dried samples were carried out using an X-ray diffractometer 

(PANanalytical, Empyrean). Lyophilized sample was placed on top of sample holder and 

ready to be examined by XRD as shown in the figure 3.4. Samples were exposed to Cu 

Kα radiation at a scanning rate of 0.0263 s/step. The diffraction angle ranged, 2θ, was 

measured from 5 to 90°. The XRD pattern was measured at 40 kV working voltage and 

40 mA current.  

 

Figure 3.4: XRD sample 
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3.5.4 Field emission scanning electron microscope (FESEM) 

The morphology of the NLCs was obtained using a FESEM (Hitachi, SU8220). A 

diluted NLCs sample was dropped onto a silicon slide. It was left air-dried before coated 

with platinum under vacuum condition prior examined by FESEM as represented in 

figure 3.5. Coating was necessary for non-conducting sample to reduce the electron 

charging during viewing. There were several ways that can apply during the sample 

preparation or analysis to reduce electron charging, which were: 

1) Use low accelerating voltage 

2) Coating the non-conducting sample with a thin conductive film. 

3) Apply some biasing voltage to the surface of sample  

4) Using low vacuum (available in some FESEM) 

5) Mounting the sample with a conductive bridge that can connect between top of 

the sample to the sample holder by using some conductive coating or carbon tape 
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Figure 3.5 :(a) Sputter coater (b) Platinum coating process of sample 

3.5.5 Transmission electron microscope (TEM) 

The morphology of the NLCs was viewed under a TEM (Carl Zeiss Libra®, 120). A 

drop of sample solution was placed on a 400-mesh copper grid and left to adhere for 15 

minutes. Excess sample solution was removed by blotting with filter paper, and the grid 

was then air dried and negatively stained with 1 % phosphotungstic acid. The sample was 

air-dried prior to visualization under TEM. An acceleration voltage of 150 kV was 

applied. 

TEM employs a high voltage electron beam that has been emitted by a cathode. The 

electrons are travel through a vacuum in the column of microscope. TEM uses 

electromagnetic lenses to focus the electrons into a very thin beam. Afterwards, the 

 (b) 

 (a) 
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electron beam is transmitted through the specimen of NLCs by carrying the information. 

Then, this information (the “image”) is magnified and focused onto an imaging device, 

such as a fluorescent screen, a layer of a photographic plate or a light-sensitive sensor like 

a charge-coupled device (CCD) camera. The image detected by CCD will display at the 

same time on a monitor or computer. Figure 3.6 illustrated how the TEM works to 

produce a micrograph.  

 

Figure 3.6: Diagram of TEM 
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3.6 Preparation of standard calibration curve of TBHC1 in DW for 

encapsulation and drug loading efficiency study  

Stock solution of 0.1 mg/mL of TBHC1 in DW was prepared by dissolving 10 mg of 

TBHC1 in 100 mL DW. Ultrasonicator bath was employed to ensure complete dissolved 

of TBHC1 in DW. A series of TBHC1 solution with the concentration of 0.05 mg/mL, 

0.04 mg/mL, 0.03 mg/mL, 0.02 mg/mL, 0.015 mg/mL and 0.012 mg/mL were prepared 

by diluting the TBHC1 stock solution. The prepared TBHC1 solutions were measured 

spectrophotometrically in the wavelength range of 255 to 305 nm. UV-Vis absorption 

spectrums of TBHC1 in DW is illustrated in figure 3.7. The maximum λ absorption of 

TBHC1 at 284 nm was selected to plot standard calibration curve as shown in the figure 

3.8. 

 

Figure 3.7: UV-VIS absorption spectrum of TBHC1 in DW 
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Figure 3.8: Standard calibration curve of TBHC1 in DW 

3.7 Preparation of calcein standard calibration curve in DW for encapsulation 

and drug loading efficiency study  

Stock solution of 0.02 mg/mL of calcein in DW was prepared by dissolving 2 mg of 

calcein in100 mL DW. Ultrasonicator bath was employed to sonicate the solution to make 

sure all calcein solutes dissolved in DW. A series of calcein solution with concentration 

of 0.006 mg/mL, 0.005 mg/mL, 0.004 mg/mL, 0.003 mg/mL, 0.002 mg/mL and 0.0001 

mg/mL were prepared by diluting the calcein stock solution. The prepared calcein 

solutions were measured spectrophotometrically between 390 to 530 nm by using UV-

Visible spectrophotometer (Cary®50). UV-VIS absorption spectrums of calcein in DW is 

shown in the figure 3.9. The maximum wavelength absorption of calcein at 490 nm was 

selected to plot standard calibration curve as shown in the figure 3.10.  
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Figure 3.9: UV-VIS absorption spectrum of various calcein concentration in DW 

 

Figure 3.10: Standard calibration curve of calcein in DW 

3.8 Encapsulation and drug loading efficiency of TBHC1 

TBHC1 was encapsulated in the optimized formulation of NLCs. The ultrafiltration 

method was adapted to separate the non-encapsulated TBHCl from that encapsulated in 

NLCs. The concentrator body and filtrate vessel of Vivaspin® 6 compose of 

polycarbonate, while the membrane compose of polyethersulphone. The width and active 

membrane area of Vivaspin® 6 is 17 mm and 2.5 cm2, respectively. Approximately 5 mL 

TBHC1 NLC dispersion was placed in the upper chamber of centrifugal filter tubes with 
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a 30 kDa cut-off (Vivaspin® 6, Sartorius stedim Biotech, Germany). Subsequently, the 

filled Vivaspin® 6 was centrifuged (Dynamica, Velocity 18R, as presented in the figure 

3.11) for 1 hour 30 minutes at 7000 rpm (5182 × g) to separate the non-encapsulated 

TBHC1 as the filtrate. NLC-encapsulated TBHCl remained in the upper chamber of the 

centrifugal filter tube. Figure 3.12 shows the centrifugal filter tube (a) before and (b) after 

centrifuge. The supernatant in the lower part of the centrifugal tube was diluted to 5 mL 

with DW. The concentration of free drug in the supernatant was determined using a UV-

Visible spectrophotometer (Cary®50) in a clear quartz cuvette, with a 1 cm path length, 

at a constant temperature of 25 °C. The concentration of drug in each sample was 

determined from the standard calibration curve (0.012 ‒ 0.05 mg mL-1) at wavelength of 

284 nm. 

Encapsulation efficiency (EE) and drug loading efficiency (DLE) were calculated by 

using the following equation (3.5) and (3.6), respectively:  

EE =  
𝐶𝑜𝑛.𝑇−  𝐶𝑜𝑛.𝐹

𝐶𝑜𝑛.𝑇
  ×   100                                                                                              (3.5) 

DLE =  
 𝐶𝑜𝑛.𝑇−  𝐶𝑜𝑛.𝐹

 𝐶𝑜𝑛.𝐿
  ×   100                                                                                         (3.6) 

 

Con.
T
 is the weight of total drug in NLCs, Con.

F
 is the weight of free drug in 

supernatant and Con.L is the weight of total lipid. 
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Figure 3.11: Centrifuge (Dynamica, Velocity 18R) 

 

Figure 3.12: (a) Centrifugal filter tube before centrifuge and (b) centrifugal filter 
tube after centrifuge  

 

 (a)  (b) 
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3.9 Encapsulation and drug loading efficiency of calcein 

Size exclusion chromatography method was applied to determine the encapsulation 

and drug loading efficiency of calcein in the optimized formulation of NLC. A plastic 

syringe with 10 cm length and 1 cm diameter was adapted in this method as a column. It 

was firstly packed with sephadex® G-50 as the solid phase where DW as the eluent or 

mobile phase. The pre-treatment of sephadex® G-50 is necessary before packing it in the 

column. Firstly, sephadex® G-50 was washed 3 times by DW. Afterwards, pre-saturation 

of sephadex® G-50 was done by soaking it in the eluent for a certain time to ensure all the 

sephadex® G-50 beads swell to their maximum size. Next, about 45 μL of calcein 

encapsulated in NLCs was introduced dropwise into the column as shown in the figure 

3.13. Approximately every 0.5 mL of eluate was collected, and each fraction diluted with 

DW to 5 mL. Lastly, the concentration of loaded and free calcein in diluted eluent was 

determined spectrophotometrically by using UV-Visible spectrophotometer (Cary®50) 

with 1 cm path length clear quartz cuvette at constant temperature of 25 °C. The amount 

of calcein in each sample was determined from the standard calibration curves (0.0001 - 

0.006 mg/mL) at the wavelength of 490 nm. 

 

Figure 3.13: Calcein encapsulated in NLCs introduced dropwise onto the column 
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3.10 Preparation of TBHC1 standard calibration curve in 1:1 (v/v) ethanol: 

phosphate buffer saline for In vitro release study 

Stock solution of 0.1 mg/mL of TBHC1 was prepared by dissolving 10 mg of TBHC1 

in 1:1 (v/v) ethanol: phosphate buffer saline (PBS) solution. Ultrasonicator bath was 

employed to ensure all TBHC1 solutes dissolved completely in the solvent used. A series 

of TBHC1 solution with the concentration of 0.008 mg/mL, 0.005 mg/mL, 0.004 mg/mL, 

0.003 mg/mL and 0.002 mg/mL were prepared by diluting the TBHC1 stock solution. 

The prepared TBHC1 solutions were measured spectrophotometrically between 255 to 

305 nm. Besides, UV-VIS absorption spectrums of TBHC1 in ethanol: PBS (1:1) is 

shown in the figure 3.14. The maximum wavelength at 284 nm was selected to plot 

standard calibration curve as shown in the figure 3.15. 

 

Figure 3.14: UV-VIS absorption spectrum of TBHC1 in 1:1 (v/v) ethanol: PBS 
solution 
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Figure 3.15: Standard calibration curve of TBHC1 in 1:1 (v/v) ethanol: PBS solution 

3.11 Preparation of calcein standard calibration curve in 1:1 (v/v) ethanol: PBS 

solution for In vitro release study 

Stock solution of 0.1 mg/mL of calcein was prepared by dissolving 10 mg of calcein 

in 1:1 (v/v) ethanol: PBS solution. A series of calcein solution with the concentration of 

0.008 mg/mL, 0.005 mg/mL, 0.004 mg/mL, 0.003 mg/mL, 0.002 mg/mL and 0.001 

mg/mL were prepared by diluting the calcein stock solution. The prepared calcein 

solutions were measured spectrophotometrically between 400 to 540 nm. UV-VIS 

absorption spectrums of calcein in 1:1 (v/v) ethanol: PBS solution was displayed in the 

figure 3.16. The maximum wavelength at 490 nm was selected to plot standard calibration 

curve as shown in the figure 3.17. 
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Figure 3.16: UV-VIS absorption spectrums of calcein in 1:1 (v/v) ethanol: PBS 
solution 

 

 

Figure 3.17: Standard calibration Curve of calcein in 1:1 (v/v) ethanol: PBS solution 

3.12 In vitro drug release studies of TBHC1 and calcein 

In vitro drug release studies were completed by using automated Franz diffusion cells 

(Hanson MicroettePlus™) as displayed in the figure 3.18. The diffusion system was 

equipped with a vertical clear glass diffusion cell of 0.9 cm orifice diameter, 1 mL donor 

volume and 4 mL receptor volume as showed in the figure 3.19. A cellulose dialysis 
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membrane with a 5 kDa cut-off was soaked in the receptor medium for at least 12 hours 

prior to mounting between the donor and receptor chambers. The donor chamber 

contained 1 mL sample dispersion, while the receptor chamber was filled with 1:1 (v/v) 

ethanol: PBS solution at pH 7.5, maintained at 37 °C with magnetic stirring at 400 rpm. 

At predetermined time intervals, the sample was automatically collected from the receptor 

chamber and replaced with the same volume of ethanol: PBS solution from the reservoir. 

The concentration of TBHC1 and calcein in the collected samples were determined using 

a Cary® 50 UV-Visible spectrophotometer as shown in the figure 3.20, with a 1 cm path 

length quartz cuvette. The amount of TBHC1 in each sample was determined from the 

standard calibration curve (0.002 ‒ 0.008 mg/mL) at the wavelength of 284 nm, while, 

the amount of calcein in sample was determined from the standard calibration curve 

(0.001 – 0.008 mg/mL) at the wavelength of 490 nm. Replicates were conducted for each 

sample. Evaluation of the kinetic model was completed using the DDSolver software, an 

add-in program in Microsoft Excel that contains a mathematical model component in its 

library. 

 

 

Figure 3.18: Franz diffusion cells (Hanson MicroettePlus™) 
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Figure 3.19: Vertical clear glass diffusion cell 

 

 

 

Figure 3.20: Cary® 50 UV-Visible spectrophotometer 
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CHAPTER 4: RESULTS AND DISCUSSION 

4.1 Solubility study of TBHC1 in solid and liquid lipid 

The solubility studies of TBHC1 in the lipid matrix is the one factor that determine 

drug encapsulation and drug loading efficiency in NLCs. Hence, it is necessary to 

examine the solubility of TBHC1 in various solid and liquid lipids. The result of TBHC1 

solubility was given in the table 4.1. Factors that affect the solubility value of TBHC1 are 

temperature, polarity, volume, pressure, lipophilicity of drug, pH and content of the fluid. 

From the result, TBHC1 displayed a highest solubility in the BW with 12 % compared to 

the other type of solid lipids. Furthermore, RO also presented a greatest solubility for 

TBHC1 with 10.78 % compared to the other liquid lipids that has been tested. Based on 

the result produced, BW and RO were selected to prepare NLCs due to the greatest 

TBHC1 solubility among the others tested lipids. It is because BW and RO has the highest 

lipophilicity towards the TBHC1.  

Table 4.1: TBHC1 solubility in solid and liquid lipids 

Solid lipids Solubility (w/w%) Liquid lipids Solubility 
(w/v%) 

Decanoic 
acid 

6 Isopropyl 
myristate 

0.04 

Cocoa 
butter 

8 Oleic acid 3.11 

Beeswax 12 Rosemary oil 10.78 

Palmitic 
acid 

8 Kolliphor el 6.05 

  Virgin coconut oil 0.07 
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4.2 Mixture Design  

4.2.1 Modelling of the mixture design response 

Scheffe's quadratic models were postulated for particle size and zeta potential 

responses with estimated regression coefficients as displayed in Table 4.2. The output 

from analysis of variance indicated that both the predictive models are statistically 

significant (𝑝 < 0.0002) with R2 of 0.96 and 0.80, RMSE of 54 and 1.7, respectively. 

Based on the results, the corresponding particle size and zeta potential were strongly 

dependent on the relative proportions of their ingredient, where significant second order 

interactions were demonstrated between the P188 and the other ingredients.  
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Table 4.2: Estimated regression coefficients for particle size and zeta potential 

𝑋 Particle size Zeta potential 
𝛽 𝑠𝑒 𝑝 𝛽 𝑠𝑒 𝑝 

𝑥1/0.19 1013.819 499.1611 0.0582 -35.6658 16.04827 0.0401* 
𝑥2/0.19 2069.566 1217.84 0.1075 1.244193 39.15415 0.975 

(𝑥3 − 0.01)/0.19 10543 1640.077 <.0001* 141.3704 52.72928 0.0158* 
(𝑥4 − 0.8/0.19 112.5278 194.0146 0.5695 -41.7685 6.237663 <.0001* 

𝑥1 ⋅ 𝑥2 -3049.99 1876.259 0.1224 -5.23603 60.32265 0.9318 
𝑥1 ⋅ 𝑥3 -17375.8 2659.419 <.0001* -259.697 85.5016 0.0074* 
𝑥2 ⋅ 𝑥3 -17425.8 3151.682 <.0001* -278.887 101.3281 0.0136* 
𝑥1 ⋅ 𝑥4 576.7644 1314.241 0.6663 2.304943 42.25349 0.9571 
𝑥2 ⋅ 𝑥4 -274.894 1881.928 0.8856 -74.147 60.5049 0.2371 
𝑥3 ⋅ 𝑥4 -13823.3 1987.557 <.0001* -145.403 63.90093 0.0361* 
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4.3 Particle Size 

4.3.1 The effect of sonication time and amplitude percentage 

The NLCs particles size was found in the range of (164 ± 4) nm to (211 ± 1) nm for 

20%, 35%, 50% and 70% sonication amplitude for a period of 4, 6 and 10 minutes 

sonication time as presented in the figure 4.1. For 4 minutes sonication time, the particles 

size showed a non-significant change from 20 % to 50 % sonication amplitude. The 

particles size was reported at (172 ± 2) nm, (165 ± 1) nm and (174 ± 1) nm for 20 %, 35 

% and 50 % sonication amplitude, respectively. However, the size of NLCs was obviously 

increased to (211 ± 1) nm for 70% amplitude. The equivalent pattern has also been 

observed for sonication time of 10 minutes. The particles size of NLCs was displayed 

similar, which are at (171 ± 1) nm, (170 ± 1) nm and (174 ± 3) nm for 20 %, 35 % and 50 

% amplitude respectively. The NLCs particles size was clearly increased from (174 ± 3) 

nm to (197 ± 1) nm for 50 % to 70 % amplitude (Alam et al., 2015). Besides, the NLCs 

particles size was increased consistently from (164 ± 4) nm to (174 ± 2) nm from 20 % 

to 50 % amplitude in 6 minutes sonication time. Nevertheless, the particles size of NLCs 

was increased apparently to (208 ± 1) nm for 70 % amplitude in 6 minutes sonication 

time. The polydispersity index (PDI) value of NLCs for 20 %, 35 %, 50 % and 70 % 

amplitude were represented in the range of 0.16 to 0.25. It showed a nonsignificant pattern 

for 20 %, 35 % and 50 % amplitude. PDI value was found range between 0.16 and 0.20. 

As similar with the NLCs particle size, the PDI value for 70 % amplitude was also 

reported high at 0.25 compared to the others amplitude percentage. Hence, 70% amplitude 

sonication was observed most polydisperse NLCs compared to the others amplitude 

range. The particles size and PDI of NLCs are the highest at 70% amplitude. It is because 

due to the dissipated and local turbulence during sonication that has degraded the 

emulsifying properties of P188 (Goh et al., 2016). The sonication time did not have 

prominent effect on the particle size value. 
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Figure 4.1: The influence of sonication time and amplitude percentage on particles 
size and polydispersity index of NLCs. 

By applying higher amplitude percentage to the emulsion did not distribute more 

power to the emulsion. Inversely, it will become a resistance to the movement of the probe 

that determines how much power will be distributed into the emulsion. As the resistance 

of the probe movement increase, the additional power will be delivered by the power 

supply to ensure that the excursion at the probe tip remains constant. The maximum power 

(505 watts) of sonic dismembrator is competent or maximum limit in delivering when the 

resistance to the movement of the probe is high enough to draw maximum wattage. As 

proven from the experiment, when the higher amplitude applied, it does not interfere the 

NLCs size because the setting of higher amplitude will not cause the delivery of 

maximum power delivered to sample (Alam et al., 2015). 
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4.3.2 The effect of lipid and surfactant composition on the particle size of NLCs 

and SLNs and Polydispersity Index (PDI) 

The figures 4.2 indicated that, the size of NLCs became bigger when the total lipid 

composition was risen from 5 % to 10 %. The total lipid was stated at the bar chart for 

each formulation as shown in the figure 4.2. The sonication amplitude energy was applied 

similar for all formulations. Therefore, it leads to the limited energy applied per total unit 

lipid and able to produce a bigger size of NLCs (Loo et al., 2013).  

Generally, all formulations displayed in the figures 4.2 recorded a reduction in the 

particle size when the concentration of P188 was increased. The hydrophobic chains of 

P188 would adsorb on the particle surfaces as the “anchor chain”, while the hydrophilic 

chain would extend out from the surface of particle to the aqueous medium to create a 

stabilizing layer. This layer covers the lipid domain of the particle and immediately helps 

to reduce the particle size of NLCs. In addition, the reduction of particle size might be 

related to the decreased of interfacial tension between lipid matrix and aqueous phase 

with the greater of surfactant concentration in the formulations (Zirak & Pezeshki, 2015; 

Fathi et al., 2018). As the concentration of P188 increased, polydispersity index (PDI) of 

the formulations was found reduced as shown in the figure 4.3. The range of PDI value 

is from 0 to 1. The large PDI value explained a very broad size distribution while, small 

PDI value interpreted a narrow size distribution in formulations. It is proven that, the 

concentration of P188 was capable to decrease the particle size and PDI value. The 

identical result also determined from the previous experiment that completed by 

Soleimanian and the group (Soleimanian et al., 2018). In addition, F16 was chosen to 

prepare another NLCs formulation by using poloxamer 407 as a surfactant.  
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Figure 4.2: Particle size of NLCs and SLNs versus the percentage of P188 Univ
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Figure 4.3: Polydispersity index (PDI) value of NLCs and SLNs versus of the percentage of P188Univ
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As known, one formulation was selected to prepare NLCs by using Poloxamer 407 in 

order to study the particles size differences. The NLCs size was recorded smaller (164 ± 

1) nm compared to the formulation with P188 (174  2) nm. Poloxamer 407 has a longer 

surfactant chain than P188. It can increase the hydrophobic interaction between the 

surfactant monomers and able to form a smaller NLCs size as compared to the shorter 

hydrocarbon chain. 

The particle size of NLCs also became greater when the RO increased from 0 % to 4 

% in NLC formulations as shown in the figure 4.4. The reason might be ascribe to swollen 

of the core in NLCs when more liquid oil were loaded into it (Lin et al., 2007; Dai et al., 

2010). The comparable results also were noticed from the past research that completed 

by Kuo and the group (Kuo & Chung, 2011). However, the NLCs size was slightly 

decreased at 5% of RO due to the incompatible mixing between BW and RO and might 

be arise from a lower viscosity of the dispersed phase (Wissing et al., 2004).  

 

 

Figure 4.4: Particle size of NLCs and SLNs versus Percentage of RO 
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The investigation of SLNs particle size also has been done in this research. The particle 

size of SLNs were found increased from (140 ± 2) nm to (168 ± 2) nm when the BW’s 

percentage was increased from 5 % to 10 % in the formulations as shown in the figure 

4.5. It might be due to the high overall viscosity with an increase of solid lipid content 

that caused less effectiveness of homogenization during production of SLNs (Lasoń et 

al., 2013). Previous experiment by Shah and the group also showed the equivalent 

outcome. Greater percentage of stearic acid (solid lipid used) will produce a greater 

viscosity of the inner phase and influence the shearing capacity of the stirrer (size 

reduction became tough). Consequently, the particles contributed to increase in size (Shah 

et al., 2014).  

 

Figure 4.5: Size of particle and viscosity versus percentage of BW in SLNs. The SLNs 
displayed were F9 (BW (5%), RO (0%), P188 (5%), DW (90%)), F3 (BW (7.5%), 
RO (0%), P188 (5%), DW (87.5%)) and F13 (BW (10%), RO (0%), P188 (5%) DW 
(85%)).   
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4.4 Stability 

4.4.1 Particle size and polydispersity Index (PDI) 

The measurement of particle size for all formulations need to be monitored for a period 

of time to study their long-time storage stability. Besides, the equilibrium between 

surfactant at the oil-water interface and the nature of the oil phase can be influenced on 

the stability of oil dispersions. The PDI value ranges from 0 to 1. Particles are considered 

polydisperse with high value of PDI and approaching 1. Stability of oil dispersion can be 

obtained with the presence of sufficient surfactant in formulations (Tamjidi et al., 2013).  

The presence of P188 in the formulations would help to stabilize a newly developed 

surface during homogenization between oil and water in NLCs and SLNs with the 

presence of head (hydrophilic characteristics) and tail (hydrophobic characteristics) of 

P188. The turbidity of particles also became lower when the percentage of P188 was 

raised. It is because the turbidity is related with the particles size of NLCs and SLNs. The 

particles size of NLCs and SLNs will be decreased when the percentage of P188 is raised 

in the formulation. The turbidity also can be distinguished from the figures 4.6 (a), (b) 

and (c). Insufficient amount of surfactant in the formulations also will cause instability 

and recrystallization of SLNs and NLCs. Moreover, the PDI value also displayed lower 

and consistent value throughout 86 days of analysis for a higher concentration of P188. 

It explained that the particles were in a state of monodispersity with narrow size 

distribution. 

Figure 4.7 illustrates the effect of P188 concentration on the formation of stable of 

nanoparticles. Figure 4.8 to 4.15 showed the particle size of NLCs and SLNs declined as 

the percentage of P188 increased. Size of particles with 5% of P188 was found smaller 

compared to the particles with 1 % and 3 % of P188. The size of particles with 1 % of 

P188 had been observed fluctuated along 86 days of analysis. NLC and SLN formulation 
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with only 1 % of P188 caused the particles proned to aggregate and hence increased in 

size. This is due to the amount of P188 in the formulations of SLN and NLC were not 

sufficient to adsorb on the entire surface of newly formed lipid particles. Therefore, SLNs 

and NLCs tend to aggregate due to strong hydrophobic attraction between the particles. 

Then, formulation of NLCs and SLNs with the high concentration of P188 can prevent 

the particles from aggregation and fusion. 

 

 

Figure 4.6: (a) F17 (BW (3.75%), RO (1.25%), P188 (1%), DW (94%)), F16 (BW 
(3.75%), RO (1.25%), P188 (3%), DW (92%)) and F20 (BW (3.75%), RO (1.25%), 
P188 (5%), DW (90%)).                                                                     

By comparing the figures 4.8 to 4.15, the formulations with high lipid concentration 

were found physically less stable compared to the formulations with low lipid 

concentration due to the greater size and easily recrystallize (Loo et al., 2013). 
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Figure 4.7: (a) Stable nanoparticles with the higher concentration of P188 (b) Less 
stable of nanoparticles with the lower concentration of P188. 
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Figure 4.8: Size of particle and polydispersity index versus time of storage (day). The NLCs displayed were F27 (BW (2.5%), RO (2.5%), 
P188 (1%), DW (94%)), F21 (BW (2.5%), RO (2.5%), P188 (3%), DW (92%)) and F12 (BW (2.5%), RO (2.5%), P188 (5%), DW (90%)).   
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Figure 4.9: Size of particle and polydispersity index versus time of storage (day). The NLCs displayed were F26 (BW (3.75%), RO (3.75%), 
P188 (1%), DW (91.5%)), F4 (BW (3.75%), RO (3.75%), P188 (3%), DW (89.5%)) and F15 (BW (3.75%), RO (3.75%), P188 (5%), DW (87.5%)). 
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Figure 4.10: Size of particle and polydispersity index versus time of storage (day). The NLCs displayed were F17 (BW (3.75%), RO (1.25%), 
P188 (1%), DW (94%)), F16 (BW (3.75%), RO (1.25%), P188 (3%), DW (92%)) and F20 (BW (3.75%), RO (1.25%), P188 (5%), DW (90%)). 
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Figure 4.11: Size of particle and polydispersity index versus time of storage (day). The NLCs displayed were F2 (BW (5%), RO (5%), P188 
(1%), DW (895)), F6 (BW (5%), RO (5%), P188 (3%), DW (87%)) and F1 (BW (5%), RO (5%), P188 (5%), DW (85%)).
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Figure 4.12: Size of particle and polydispersity index versus time of storage (day). The SLNs displayed were F11 (BW (5%), RO (0%), P188 
(1%), DW (94%)), F14 (BW (5%), RO (0%), P188 (3%), DW (92%)) and F9 (BW (5%), RO (0%), P188 (5%), DW (90%)). 

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

0

100

200

300

400

500

600

700

0 2 7 9 14 16 21 23 28 30 37 44 51 58 65 86

Po
ly

di
sp

er
si

ty
 In

de
x 

(P
D

I)

Si
ze

 o
f p

ar
tic

le
 (n

m
)

Time of Storage (Day)

Size - 5% (BW), 0% (RO), 5% (P188), 90% (DW) Size - 5% (BW), 0% (RO), 3% (p188), 92% (DW)

Size - 5% (BW), 0% (RO), 1% (P188), 94% (DW) PDI - 5% (BW), 0% (RO), 5% (P188), 90% DW)

PDI - 5% (BW), 0% (RO), 3% (P188), 92% (DW) PDI - 5% (BW), 0% (RO), 1% (P188), 94% (DW)

Univ
ers

iti 
Mala

ya



 

92 

 

Figure 4.13: Size of particle and polydispersity index versus time of storage (day). The NLCs displayed were F5 (BW (5.625%), RO (1.875%), 
P188 (1%), DW (91.5%)), F19 (BW (5.625%), RO (1.875%), P188 (3%), DW (89.5%)) and F18 (BW (5.625%), RO (1.875%), P188 (5%), DW 
(87.5%)). 
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Figure 4.14: Size of particle and polydispersity index versus time of storage (day). The SLNs displayed were F25 (BW (7.5%), RO (0%), P188 
(1%), DW (91.5%)), F24 (BW (7.5%), RO (0%), P188 (3%), DW (89.5%)) and F3 (BW (7.5%), RO (0%), P188 (5%), DW (87.5%)). 
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Figure 4.15: Size of particle and polydispersity index versus time of storage (day). The SLNs displayed were F8 (BW (10%), RO (0%), P188 
(1%), DW (89%)), F22 (BW (10%), RO (0%), P188 (3%), DW (87%)) and F13 (BW (10%), RO (0%), P188 (5%), DW (85%)). 
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4.4.2 Zeta Potential 

   Zeta potential value enable the prediction of formulations stability. Figures 4.16, 4.17, 

4.18, 4.19, 4.20, 4.21, 4.22 and 4.23 presented the zeta potential value of SLN and NLC 

formulations. Zeta potential value was decreased at the beginning of few days in order to 

stabilize the formulated NLCs and SLNs. After 86 days analysis, the range of zeta 

potential value was found in between -26.10 mV to -55.13 mV. As explained by 

Gonzalez-Mira and the team, the  high zeta potential value (close to 30 mV or higher than 

30 mV) whether negative or positive is considered to be a stable dispersion (González‐

Mira et al., 2011). Negative value of zeta potential was attained as the result of the head 

group polarization from non-ionic surfactant that followed by adsorption of polarized 

water molecules at the surface of particles (Tan et al., 2010). Zhang and the team also 

have found the identical results from their experiment (Zhang et al., 2017). P188 consists 

of a central polyoxypropylene moiety on its polar head group. Unlike ionic surfactant, 

P188 could not ionize in aqueous solution but it manages to induce hydroxyl ions adsorp 

on the polar non-ionic head group of the surfactant molecules. The water molecules layer 

adsorbed onto the surface of particle and formed repulsion barrier to stabilize the particles 

of NLCs and SLNs with the existence of steric stability on it (Ong et al., 2016; Swidan et 

al., 2016). 
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Figure 4.16: Value of zeta potential versus time of storage (day). The NLCs displayed 
were F27 (BW (2.5%), RO (2.5%), P188 (1%), DW (94%)), F21 (BW (2.5%), RO 
(2.5%), P188 (3%), DW (92%)) and F12 (BW (2.5%), RO (2.5%), P188 (5%), DW 
(90%)). 

 

Figure 4.17: Value of zeta potential versus time of storage (day). The NLCs displayed 
were F26 (BW (3.75%), RO (3.75%), P188 (1%), DW (91.5%)), F4 (BW (3.75%), 
RO (3.75%), P188 (3%), DW (89.5%)) and F15 (BW (3.75%), RO (3.75%), P188 
(5%), DW (87.5%)). 
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Figure 4.18: Value of zeta potential versus time of storage (day). The NLCs displayed 
were F17 (BW (3.75%), RO (1.25%), P188 (1%), DW (94%)), F16 (BW (3.75%), RO 
(1.25%), P188 (3%), DW (92%)) and F20 (BW (3.75%), RO (1.25%), P188 (5%), 
DW (90%)). 

 

Figure 4.19: Value of zeta potential versus time of storage (day). The NLCs displayed 
were F2 (BW (5%), RO (5%), P188 (1%), DW (89%)), F6 (BW (5%), RO (5%), 
P188 (3%), DW (87%)) and F1 (BW (5%), RO (5%), P188 (5%), DW (85%)). 
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Figure 4.20: Value of zeta potential versus time of storage (day). The SLNs displayed 
were F11 (BW (5%), RO (0%), P188 (1%), DW (94%)), F14 (BW (5%), RO (0%), 
P188 (3%), DW (92%)) and F9 (BW (5%), RO (0%), P188 (5%), DW (90%)). 

 

 

Figure 4.21: Value of zeta potential versus time of storage (day). The NLCs displayed 
were F5 (BW (5.625%), RO (1.875%), P188 (1%), DW (91.5%)), F19 (BW (5.625%), 
RO (1.875%), P188 (3%), DW (89.5%)) and F18 (BW (5.625%), RO (1.875%), P188 
(5%), DW (87.5%)). 
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Figure 4.22: Value of zeta potential time of storage (day). The SLNs displayed were 
F25 (BW (7.5%), RO (0%), P188 (1%) DW, (91.5%)), F24 (BW (7.5%), RO (0%), 
P188 (3%), DW (89.5%)) and F3 (BW (7.5%), RO (0%), P188 (5%), DW (87.5%)). 

 

 

Figure 4.23: Value of zeta potential versus time of storage (day). The SLNs displayed 
were F8 (BW (10%), RO (0%), P188 (1%), DW (89%)), F22 (BW (10%), RO (0%), 
P188 (3%), DW (87%)) and F13 (BW (10%), RO (0%), P188 (5%), DW (85%)). 
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4.21, 4.22 and 4.23 (Emami et al., 2012). It is due to the adsorption of P188 onto the 

surface of lipid nanoparticles. The probability of P188 adsorbs on SLNs and NLCs is 

related to the percentage of P188 used in formulations. Increase in P188 concentration 

promotes a higher amount of P188 adsorb on SLNs and NLCs. Therefore, SLNs and 

NLCs with 1 % of P188 has a more negative value of zeta potential compared to 3% and 

5 % of P188. The adsorption of 1 % P188 onto the surface of lipid nanoparticles is weaker 

compared to the 3 % and 5 % of surfactant in SLN and NLC formulations. Logically, 1 

% of P188 was less concentrated compared to the 3 % and 5 % of P188. So, it has induced 

a higher zeta potential value due to the higher and effortless of particles movement that 

has repelled each other on the slipping plane surface, which is the boundary where the 

value of zeta potential was measured. The thickness of diffuse layer on the particles also 

has been shortened (Tan et al., 2010). For that reason, the compositional ratio has to be 

finely adjusted in order to ascertain NLCs with desired particle size and stability. 

 

Figure 4.24: Value of zeta potential versus time of storage (day). The NLCs displayed 
F21 (BW (2.5%), RO (2.5%), P188 (3%), DW (92%)), F4 (BW (3.75%), RO (3.75%), 
P188 (3%), DW (89.5%)) and F6 (BW (5%), RO (5%), P188 (3%), DW (87%)). 
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After 86 days analysis, the zeta potential value of NLCs were seen almost uniform 

even the total of lipid composition was increased from 5 % to 10 % as represented in the 

figure 4.24. Hence, the total lipid in NLCs did not affect the zeta potential value in NLCs 

as explained by the past experiment. This is commonly due to the composition of the 

external surfactant phase is fixed in every batches (Kuo & Chung, 2011). 

Besides, zeta potential value for the F16 in PBS medium was reported at (-18 ± 8) mV. 

The lower magnitude of zeta potential compared to the NLCs in deionized water (-36 ± 

5) mV possibly due to charge shielding effect in PBS (Bondì et al., 2014). It was also 

affected from the potential compensation of ionic PBS that bound on the surface of 

particles. Hence, it could reduce a negativity of zeta potential magnitude. The Same 

formulation also has been prepared from poloxamer 407 as a surfactant. The zeta potential 

value was recorded at (-26 ± 4) mV and found lower compared to the zeta potential value 

in P188 (-36 ± 5) mV. P188 has a shorter alkyl chain than poloxamer 407. Therefore, it 

leads to the greater number of molecules adsorb on the NLCs due to the pack steric effect, 

which reflect as a more negative zeta potential (White et al., 2007). 

4.5 Optimization of The Responses for NLC Formulations 

For a better visualization of the effects, the predicted response domain fixed at 92 % 

water content is presented in a ternary contour plot (figure 4.25). Taking the constraints 

applied (shaded domain) into account, the simultaneous optimum responses for particle 

size and zeta potential were predicted to be in the range of 150-200 nm and -(36-40) mV, 

respectively. Furthermore, this formulation was found physically stable without 

formation of aggregate after a storage period of 86 days at room temperature as displayed 

in the figure 4.26. Hence, the formulation composing 3.75% BW, 1.25% RO and 3% 

P188 was selected for further study as displayed in the figure 4.25. 
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Figure 4.25: Ternary contour plot showing the effect of mixture on the particle size 
(red lines) and zeta potential (blue lines) of the formulated lipid carriers fixed at 
92% water content. 

 

Figure 4.26: F16 (3.75% (BW), 1.25% (RO), 3% (P188), 92% (DW)) 
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4.6 Thermal properties analysis 

Figure 4.27 and 4.28 showed the thermograms of BW, RO, P188, NLCs (F4 and F16) 

and SLNs (F14). The melting parameters such as melting point, onset temperature and 

melting enthalpy were obtained from these thermograms. The onset temperature was 

determined from the intersection tangent of the endothermic peak with the extrapolated 

baseline. Degree of Crystallinity (CD) also can be determined by calculating the ratio of 

sample’s melting enthalpy to BW melting enthalpy as showed in equation (4.1): 

𝐶𝐷 = (
𝑀𝑒𝑙𝑡𝑖𝑛𝑔 𝐸𝑛𝑡ℎ𝑎𝑙𝑝𝑦 𝑜𝑓 𝑆𝑎𝑚𝑝𝑙𝑒

𝑀𝑒𝑙𝑡𝑖𝑛𝑔 𝐸𝑛𝑡ℎ𝑎𝑙𝑝𝑦 𝑜𝑓 𝐵𝑒𝑒𝑠𝑤𝑎𝑥
) × 100                                                            (4.1) 

 

20 30 40 50 60 70 80 90 100
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Figure 4.27: Endothermic thermogram of starting materials, (a) BW, (b) RO and (c) 
P188.  

  

Univ
ers

iti 
Mala

ya



104 

20 30 40 50 60 70 80 90 100

(c) 

(b) 

(a) 

Temperature (C)  

Figure 4.28: Endothermic thermogram of (a) NLCs, F4, (BW:RO, 3.75:3.75), (b) 
NLCs, F16, (BW:RO, 3.75:1.25), (c) SLNs, F14, (BW:RO, 5:0). 

Table 4.3: Thermal properties of BW, P188, SLNs and NLCs 

Samples Onset 
Temperature 
(°C) 

Melting 
Enthalpy 
(J/g) 

Melting 
Point (°C) 

Degree of 
crystallinity 
(%) 

BW 61.50 16.14 65.00 - 
P188 52.90 6.80 52.90 - 
NLCs, F4 
(3.75% (BW), 3.75% 
(RO), 3% (P188), 
89.5% (DW)) 

58.46 2.38 62.00 14.75 

NLCs, F16 
(3.75% (BW), 1.25% 
(RO), 3% (P188), 
92% (DW)) 

58.81 
 

5.32 63.51 32.96 

SLNs, F14 
(5% (BW), 0% (RO), 
3% (P188), 92% 
(DW)) 

59.30 8.98 64.70 55.32 

 

The result for thermal properties were recorded in the table 4.3. From figure 4.27, RO 

did not show any thermal appearance due to liquid properties (existed as an oil at room 

temperature). Comparing with the previous research, Miglyol® 812 (triglycerides of 
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capric/caprylic acids) also shown a similar observation (Mendes et al., 2013). From figure 

4.28, the endothermic transitions for SLNs and NLCs displayed a bimodal endothermic 

peak with a lower melting peaks due to the present of P188 and BW (Dora et al., 2012). 

Besides, NLCs (F4 and F16) recorded a lower degree of crystallinity and produced a 

broader peak of BW compared to the SLNs (F14) (Noh et al., 2017). However, NLCs 

(F4) showed the lowest degree of crystallinity with 14.75% compared to the NLCs (F16) 

and SLNs (F14), which were 32.96% and 55.32%, respectively. It was due to the presence 

of highest RO (3.75%) composition in NLCs (F4). The presence of liquid oil (RO) will 

disrupt the closely packing of BW in it (Lin et al., 2007). Swidan and the group found 

that, the more liquid lipid added in NLCs, the more crystallinity degree will be decreased 

(Swidan et al., 2016).  

Moreover, a shift of BW’s melting point peak was seen in figure 4.28 indicating the 

interaction of RO with the BW matrix. The Bulk material of BW exhibited a maximum 

peak at 65.00 °C. By referring to table 4.3, the melting point of BW in SLNs (F14, 

BW:RO, 5%:0%), NLCs (F16, BW:RO, 3.75%:1.25%) and NLCs (F4, BW:RO, 

3.75%:3.75%) were showed lowered compared to melting point of BW. The reduced of 

melting point is due to the presence of surfactant and liquid lipid in the formulations (Fathi 

et al., 2018). The presence of liquid lipid could minimize the formation of solid lipid 

crystals and able to decrease the value of melting point in NLCs (Pan et al., 2016). 

The melting enthalpies of SLNs (F14) and NLCs (F16 and F4) were slightly reduced 

compared to the BW’s melting enthalpy as shown in table 4.3. This indicated a lower 

ordered of lattice arrangement of BW in SLNs and NLCs. The arrangement of BW in 

NLCs (F16 and F4) were less ordered compared to the bulk materials and SLNs (F14). 

The inner core of NLCs (F16 and F4) are expected composing completely amorphous 

compared to SLNs (F14). So, this imperfection will provide more space for drug to be 

accommodated in NLCs (Soleimanian et al., 2018).  
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In addition, the melting point of TBHC1 was observed at 209.36 °C as shown in the 

figure 4.29. The peak of TBHC1 in optimized NLC formulation was disappeared, 

suggesting that the drug was encapsulated very well and no longer in crystalline mode in 

NLCs (Qiua et al., 2012). Based on the past research, the peak of minoxidil (drug used) 

in NLCs was disappeared too. It indicated that, the minoxidil was not in the crystalline 

state (amorphous) but has homogenously dispersed in NLCs (Uprit et al., 2013).   

0 50 100 150 200 250

Temperature(C)

(b)

(a)

 

Figure 4.29: DSC thermogram of (a) Optimized NLCs loaded with TBHC1, (b) 
TBHC1   
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4.7 Crystallinity of NLCs 

 

Figure 4.30: Diffractogram of (a) BW, (b) P188, (c) SLNs, F14, (BW:RO, 5:0) (d) 
NLCs, F16, (BW:RO, 3.75:1.25) 

Figure 4.30 displayed the diffractograms of BW, P188, SLNs (F14) and NLCs (F16). 

Crystallinity degree of XRD diffractograms for each sample were measured by using 

Highscore Plus software. At 2θ = 21°, crystallinity degree for BW, P188, F16 (NLCs) 

and F14 (SLNs) were presented at 52569.00, 26339.00, 1558.06 and 2852.00, 

respectively. The strongest peak in BW’s diffractogram was represented at 2θ = 21°. It 

indicated the crystalline properties of BW as a solid lipid in this experiment. By 

correlating with the pure lipid BW, the peak intensities for both SLNs (F14) and NLCs 

(F16) were found weaker. It showed that, the crystallinity of lipid decreased in 

nanoparticles compared to the crystallinity of pure BW. The diffractogram of NLCs (F16) 

showed lower crystalline properties compared to the SLNs (F14). The present of RO (with 

1.25%) in NLCs (F16) did not change the position of signal but weaken its intensity. The 

lipid existed in NLCs (F16) caused the formation of a lower crystallinity state and less 
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ordered structure while, SLNs (F14) represented a higher crystallized and high ordered 

structure. Hence, it could demonstrate that, the presence of RO in NLCs (F16) can caused 

the crystallinity of BW became weaker and more drug can be loaded in it compared to 

the SLNs (F14) (Lin et al., 2007; Liu & Wu, 2010). The value for each sample from XRD 

and DSC is not comparable but showing the same pattern. When we added a liquid lipid 

and surfactant in the NLCs formulation, the crystallinity of sample became weaken. 

 

 

Figure 4.31: Diffractogram of (a) Optimized NLCs encapsulated with TBHC1, (b) 
TBHC1 

Then, the diffractogram of pure TBHC1 (figure 4.31) showed the presence of several 

sharp peaks and the most intense appeared at 2θ = 6.4°. This peak indicated the crystalline 

nature of TBHC1, which is at 13507.00. However, this intense peak disappeared in the 

optimized NLCs (crystallinity degree at 2744.00). Therefore, the results suggested that 

TBHC1 was dispersed completely in NLCs and present as the form of amorphous (Liu et 

al., 2014; Scioli Montoto et al., 2018). The identical result also has been reported from 
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the past research. Rahman (2013) analyzed that, the zerumbone (drug) was no longer 

retained its crystallinity and became amorphous when incorporated in NLCs (Rahman et 

al., 2013).  

     In addition, the diffractograms of calcein and optimized NLCs that encapsulated with 

calcein was represented in the figure 4.32. Calcein’s diffractogram indicated a high 

intensity at 2θ = 24°, which is at 3084.00 (Gao et al., 2017). The optimized NLCs 

encapsulated with calcein showed a lower intensity compared to the bulk BW, which 

displayed a weaker intensity at 2θ = 21°. Moreover, the high intensity properties of calcein 

at 2θ = 24° was disappeared (crystallinity degree at 524.04). These results indicated that 

the calcein was loaded in NLCs and hence lowered the crystalline state while represented 

as the form of amorphous (Aliasgharlou et al., 2016). 

 

Figure 4.32: Diffractogram of (a) Optimized NLCs encapsulated with calcein, (b) 
Calcein 
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4.8 Morphology of NLCs 

Figure 4.33 showed the TEM micrograph of optimized NLCs (F16). The micrograph 

revealed  that NLCs appeared as spherical shape with a dense appearance (Poonia et al., 

2016). They were presented as individual particle and non-aggregated (Kaushik, 2016). 

It was apparently showed the particle size obtained from TEM was in agreement with the 

obtained size from zetasizer (Khurana et al., 2013). While, micrograph from FESEM in 

figure 4.34 displayed the present of circular particles distributed on the rough surface 

(Babazadeh et al., 2016). 

 

 

Figure 4.33: TEM Micrograph of NLCs (F16) (scale bar denotes size of 500 nm) Univ
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Figure 4.34: FESEM Micrograph of NLCs (F16) 

 

4.9 Drug encapsulation and drug loading efficiency of TBHC1 in NLCs 

The highest encapsulation efficiency of the optimized NLCs (F16) was found to be 

(99.50 ± 0.01) % at 0.04 mg/mL as indicated in the figure 4.35. The encapsulation 

efficiency of TBHC1 in the optimized NLCs was declined from (99.50 ± 0.01) % to 

(87.05 ± 0.05) % as the concentration of TBHC1 increased from 0.04 mg/mL to 0.5 

mg/mL. So, the suggested optimum condition for TBHC1 encapsulation properties is 

(99.50 ± 0.01) % at 0.04 mg/mL. On the other hand, the drug loading efficiency of 

TBHC1 in NLCs increased from (0.29 ± 0.09) % to (3.20 ± 0.01) % as the concentration 

of TBHC1 increased from 0.04 mg/mL to 0.5 mg/mL, as revealed in figure 4.35. More 

efficient drug loading into the NLCs occurred as the concentration of drug increased 

(Yuan et al., 2007). Even though the encapsulation efficiency of the optimized NLCs was 

reduced with increasing concentration of drug, the drug loading efficiency was highly 

improved, indicating that the NLCs could be loaded with more drug. The arrangement of 
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lipid in NLCs became more imperfect and consequently providing sufficient space for a 

large amount of drug to be lodged effectively (Gaba et al., 2015). 

 

 

Figure 4.35: The effects of TBHC1 concentration on encapsulation efficiency (solid 
square) and drug loading efficiency (empty triangle) 

4.10 Drug encapsulation and drug loading efficiency of calcein in NLCs 

The highest encapsulation efficiency of optimized NLCs in calcein was reported to be 

34.44 % at 0.04 mg/mL as stated in the figure 4.36. The encapsulation efficiency of 

calcein in optimized NLCs was decrease from 34.44 % to 11.44 % with the increasing of 

calcein from 0.04 mg/mL to 1.1 mg/mL. However, drug loading efficiency of calcein in 

NLCs was increased from 0.0011 % to 0.0026 % at 0.04 mg/mL to 1.1 mg/mL. Drug 

loading efficiency in NLCs became higher when more drug loaded into it. However, the 

encapsulation and drug loading efficiency of calcein in NLCs were displayed lower 

compared to the hydrophobic drug used (TBHC1) as explained in the previous content 
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(content 4.9). It is because calcein is a hydrophilic drug while TBHC1 is a hydrophobic 

drug. So, encapsulation and drug loading efficiency of Calcein display lowered compared 

to TBHC1.  The similar result also has been obtained from the previous experiment that 

was conducted by Lipeng Qiu and the group, the EE and DLE of oxaliplatin (hydrophilic 

drug) was showed lower compared to the lipophilic drug used (Qiua et al., 2012). As 

indicated by Pimpalshende and the team, the hydrophilic drug is also tough to be 

encapsulated and retained in the lipid matrix due to its poor solubility in lipid and oil 

(Pimpalshende & Gupta, 2018). Although the encapsulation efficiency of optimized 

NLCs was limited, drug loading efficiency could be highly recovered with the increasing 

amount of drug in it. This apparently showed that NLCs could be loaded with more drug. 

The arrangement of lipid in NLCs became more imperfect and consequently providing a 

sufficient space for a large amount of drug to load it effectively (Gaba et al., 2015). 

 

 

Figure 4.36: Encapsulation efficiency (%) versus concentration of calcien 
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4.11 In Vitro drug release studies of TBHC1 from NLCs 

Figure 4.37 showed in vitro drug release of NLCs (F16), SLNs (F14) and free drug 

solution for 48 hours. The concentration of TBHC1 in all samples was 0.1 mg/mL. The 

concentration used was within the range of solubility limit for TBHC1 in deionized water 

(Debnath et al., 2012). This is to ensure that, total dispersed of TBHCl in the aqueous 

phase without formation of any sediment at the bottom of retentate. For NLCs (F16), a 

biphasic drug release pattern has been observed. It showed that TBHC1 was released 

rapidly at initial phase followed by the slow release from NLC formulation. The initial 

rapid release may be due to the diffuse of free drug from the aqueous phase (K2). Next, 

TBHC1 was slowly and constantly released from NLCs and SLNs (K1) as illustrated in 

figure 4.38. The release of TBHC1 from drug solution was very rapid (100.00± 0.07) % 

compared to the optimized NLCs, F16 (62.87 ± 0.04) % and SLNs, F14 (48.07 ±0.01) %. 

It might be due to the presence of lipid in NLCs system that can improved drug 

solubilizing and release potential (Gaba et al., 2015). The presence of lipid in the system 

will make a sustained slow drug release from NLCs compared to the free drug solution. 

It has the capability to produce a better release capacity by improving its effectiveness 

and decreases the side effects of drug that caused by the rapid release from free drug 

solution (Nordin et al., 2018). It could retard the release of TBHC1 into the aqueous 

phase. The release of TBHC1 from optimized NLCs, F16 was found higher (62.87± 0.04) 

% compared to SLNs, F14 (48.07 ± 0.01) %. It proved that the higher amount of drug 

was released from nanoparticles formulation with more content of liquid lipid. It will 

make the drug diffusion through liquid lipid phase faster compared to the solid lipid phase 

(Yuan et al., 2007). The oil content in NLCs will reduced the crystallinity structure in 

SLNs and spontaneously helps the drug release enhancement faster compared to SLNs 

(Üner et al., 2014). 
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 In addition, the table 4.4 displayed the kinetic parameters that obtained from the 

fitting of TBHC1 release profiles in a different mathematical model. Based on the 

regression coefficient value (R2), Korsmeyer-Peppas was fitted well followed by the 

Baker-Lonsdale, Higuchi and First order model. The similar results also have been found 

from previous experiments (Choi et al., 2016). Refer to the Korsmeyer-Peppas model, the 

regression coefficient values (R2) for TBHC1 solution, NLCs (F16) and SLNs (F14) were 

reported as 0.98, 0.93 and 0.99, respectively. The release exponent value, n, for drug 

solution TBHC1, NLCs (F16) and SLNs (F14) were 0.51, 0.35 and 0.59, respectively. 

According to Korsmeyer-Peppas model, drug release mechanism is according to an 

anomalous or non-Fickian diffusion if the n value is in the range of 0.45 to 0.89. For 

NLCs (F16), the proposed release mechanism is according quasi Fickian diffusion since 

the n value is less than 0.45.  

 

Figure 4.37: Comparative in vitro release of TBHC1 in optimized NLCs, SLNs and 
free drug solution 
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Figure 4.38: Illustrated diagram for in vitro release mechanism of NLCs and SLNs 
with active ingredients in Franz diffusion cell 
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Table 4.4: Kinetic data obtained by using a different mathematical model for the release of TBHC1 

Kinetic 
model 

korsmeyer-peppas Higuchi First-order Baker-Lonsdale 

Parameter KKP (n) R2 KH R2 K1 R2 KBL R2 

Drug 
solution 

14.61996 
(0.512456) 

0.977386 15.2434 0.977107 0.069094 0.982681 0.006769 0.949957 

NLCs (F16) 18.90894 
(0.34663) 

0.927582 11.3521 0.841112 0.03739 0.501997 0.003255 0.919019 

SLNs (F14) 4.740466 
(0.589583) 

0.991254 6.40997 0.980242 0.014521 0.931398 0.000816 0.968484 

 

Table 4.5: Kinetic data obtained by using a different mathematical model for the release of calcein 

Kinetic 
model 

korsmeyer-Peppas Higuchi First-order Baker-Lonsdale 

Parameter KKP (n) R2 KH R2 K0 R2 KBL R2 

Calcein 
drug 

solution 

4.420673 
(0.725676) 

0.971211 9.48793 0.921005 0.02602 0.988398 0.001956 0.891018 

NLCs (F16) 3.104029 
(0.674665) 

0.987455 5.60062 0.953746 0.012305 0.965305 0.000605 0.940931 

SLNs (F14) 2.403592 
(0.628486) 

0.983803 3.707 0.962948 0.007437 0.924334 0.000252 0.957104 Univ
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4.12 In Vitro drug release studies of calcein from NLCs 

The In-vitro drug release of calcein from NLCs (F16), SLNs (F14) and free drug 

solution was represented in the figure 4.39. The in-vitro drug release was investigated for 

48 hours. The calcein release from drug solution was higher (66.41 ± 0.07) % compared 

to the optimized NLCs, F16 (41.70 ± 0.09) % and SLNs, F14 (26.22 ± 0.06) %. It was 

apparently showed that, the calcein was released rapidly at initial phase followed by the 

slow release for NLC formulation. The initial rapid release may be due to the release of 

calcein from the aqueous and interfacial phase. Furthermore, the fast drug release also 

could be released from unentrapped drug in the dispersion and solubilization of the 

surfactant micelle in NLCs (Qiua et al., 2012). It might be due to the presence of lipid in 

NLCs system that can improved drug solubilizing and release potential (Gaba et al., 

2015). With the using of same lipid composition, the release of calcein from optimized 

NLCs, F16 was represented greater (41.70 ± 0.09) % compared to the SLNs, F14 (26.22 

± 0.06) %. It is due the degree crystallinity of NLCs is lower compared to the SLN 

formulation. With the inclusion of RO (liquid lipid) in NLCs, it will be contributed to the 

easier drug diffusion of calcein from NLCs and explained more imperfection of it 

(Gönüllü et al., 2015). The identical data also has been determined from the past 

experiment that completed by the Kuo and the team. From this experiment, nevirapine 

(drug) was found slower released from SLNs compared to the NLC formulation due to 

the reduced thermal resistance of lipid colloids in NLCs (Kuo & Chung, 2011). 

Besides, the table 4.5 was represented the kinetic parameters that determined from 

the fitting of calcein release profiles in a different mathematical model. By comparing 

the R2 value with the others kinetic model, Korsmeyer-Peppas model has indicated the 

best value which were 0.97, 0.99 and 0.98 for the all samples. Then, the Korsmeyer-

Peppas was displayed to be the best fitting model followed by the First order, Higuchi 

and Baker-Lonsdale model. The samples also has explained the ability of a system to 
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control a drug release from a united pattern of diffusion and erosion release mechanism 

(anomalous non-Fickian transport value (0.45 ≤ n < 0.89)) in a korsmeyer-Peppas model 

(Üner et al., 2014). After that, the First order release kinetics has explained the drug 

release was depended on the drug concentration. As conducted by Choi and the team, 

the result has been reported identical with this experiment (Choi et al., 2016). 

 

 

Figure 4.39: Comparative in vitro release of calcien in optimized NLCs, SLNs and 
free drug solution 
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CHAPTER 5: CONCLUSION 

NLCs was successfully prepared from BW, RO and P188 in the present work. F16 

consisting 3.75% (BW), 1.25% (RO), 3% (P188) and 92% (deionized water) was chosen 

as the optimized formulation in this research due to their physical stability for at least 86 

days. The mean of particle size and zeta potential for the optimized NLCs were found at 

(174  2) nm and (-36  5) mV, respectively. NLCs showed a lower degree of crystallinity 

and melting enthalpy due to the present of RO. It indicated a lower ordered of lattice 

arrangement and more hence manage to be loaded with TBHCl and calcein. The 

morphology of NLCs from TEM was observed as spherical shape with a dense 

appearance. In addition, micrograph from FESEM displayed the circular particles 

spreaded on the rough surface. Moreover, drug encapsulation and drug loading efficiency 

of terbinafine hydrochloride was found higher compared to the calcein as hydrophilic 

drug in this research. Besides, NLCs promote a slow release of TBHCl and calcein 

compared to the drug solution. It might be due to the presence of lipid in NLCs system 

that can improve drug solubilizing and release potential. Hence, the results revealed from 

physicochemical characteristics, encapsulation efficiency, drug loading efficiency and 

drug release can be proven that NLCs can be a good colloidal drug delivery system. 

Besides, the demonstrated data from formulated NLCs could be a promising alternative 

vehicle to deliver various anti-fungal drugs to target tumor sites. This NLCs formulation 

also can be future tested on human and animal model. The other lipids also can be 

formulated for developing another NLCs systems with various properties. Although, 

further experiments need to be planned for this area. 
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