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2 

1.1 Statements and significance of the problems 

The most common route of drug deliery is the oral route.  This route of 

administration has the advantages, such as patient compliance, convienient for use, 

but it also has significant drawbacks like hepatic first-pass metabolism, drug 

degradation in gastrointestinal tract (GI tract) due to pH, enzymes etc.  Topical 

administration offers several attractions compared to the traditional routes.  

Transdermal drug delivery to the systemic circulation excels itself by avoidance of 

hepatic first-pass metabolism, potential of long-term controlled release with 

aviodance of the typical peak-trough plasma-profiles associated with frequent dosage 

regimens, ease of administration and possibility of immidiate withdrawal of the 

treatment.  Only few drugs are yet commercially available as topical formulations 

because the main limitation lies in the barrier function of the skin, which is considered 

one of the most impermeable epithelia of the human body to exogenous substances.  

The major challenge for topical formulations is to provide a sufficient increase in drug 

permeasion into the skin, without inducing significant irreversible alterations to the 

skin barrier function [1]. 

The skin is the largest human organ.  Major functions of its is to prevent 

invasion of the organism by acting as a defensive barrier to threats from the external 

environment.  The skin has evolved defensive mechanisms which give it physical, 

immunological, metabolic and UV-protective barriers to allow it to inhibit attacks by 

microbs, toxic chemicals, UV radiation and particulate matter.  On the other hand,  the 

skin can be used as a port of entry for theraputic substances such as drugs and 

vaccines if the mechanisms confer the barrier properties.  The outermost layer of the 

skin, the stratum corneum, is of particular interest as it determines this barrier 

function.  The qualification for this is the unique physico-chemical composition of the 

stratum corneum.  The “brick and mortar model” is applied to described the structure 

of the stratum corneum (horny layer).  The stratum corneum represents the main 

physical barrier of the skin, so that for a substance permeating across the skin, 

diffusion through the stratum corneum is the rate limiting step.  Conversely, the 

stratum corneum is also the main barrier for diffusion of water out of the skin.  Three 
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different functions may be achieved when applying drugs to the human skin.  Firstly, 

it may be desirable to have the active remaining on the surface of the skin, e.g. for 

skin disinfection, insect repellents, cosmetics for skin decoration.  The second 

function is when formulations for topical administration are designed to allow the 

dermal penetration of their actives into deeper regions of the skin such as the viable 

epidermis and the dermis.  Thirdly, the systemic action of drugs by transdermal 

application can be the aim of the topical therapy.  All three kinds of administration are 

controlled by the anatomical properties of the skin (e.g. skin type and actual skin 

condition), drug features (e.g. lipophilicity, particle size) and the formulation features 

(e.g. vehicle composition, rheological properties).  There are two general options for 

drug substances to permeate the stratum corneum: the transepidermal route 

(transcellular and intercellular) and the route via pores (skin appendages e.g. gland 

and hair follicles).  The more common route for drugs to permeate the skin is the 

intercellular route.  The permeant overcomes the stratum corneum by passing between 

the corneocytes [2, 3]. 

The microemulsions concept was introduced as early the 1940s by Hoar and 

Schulman who generated a clear single-phase solution by titrating a milky emulsion 

with hexanol. Danielsson and Lindmann introduced microemulsions in 1981 as the 

following definition: Microemulsion is a system of water, oil and amphiphile which is 

optically isotropic and a thermodynamically stable liquid solution.  The structure of 

the microemulsions being o/w, w/o or bi-continuous depends on a great extent on the 

volume fraction of oil, water and amphiphile as well as the nature of the interfacial 

film.  These systems are currently of interest to the pharmaceutical scientist because 

of their considerable potential to act as drug delivery vehicles by incorporating a wide 

range of drug molecules (both hydrophilic and lipophilic).  The advantages of this 

system are longer shelf-life (due to thermodynamically stable), simple preparation 

method, increasing the solubility of poorly soluble drugs, enhancement of the 

bioavailability of drugs with poor permeability, reduction of patient variability and 

alternative for controlled drug release.  The use of microemulsions in topical drug 

delivery has been reviewed, and many reports of cutaneous drug delivery potential of 

topical microemulsions have been published recently [4, 5, 6]. 
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Chili pepper is a biennial plant grown in the warm or tropical county such as 

Africa, Mexico, India, USA, Thailand and neighboring countries.  In Thailand it is 

planted as vegetable garden.  The benefit of chili pepper is flavored taste, and also 

uses as medicine.  Capsaicin (8-methyl-N-Vanillyl-6-nonenamide) is a naturally 

alkaloid (capsaicinoid) extracted from chili peppers, which are plants belonging to the 

Capsicum family.  It is responsible for the hot pungent taste and causes a burning 

sensation to the mammalian tissue.  Capsaicin is a fat soluble, odourless, pungent 

tasting, off-white solid with a melting point 62-65 °C and a molecular weight of 305.4 

kDa.  As it is not a water soluble substance, alcohol and other organic solvents are 

used to solubilize capsaicin in topical preparations and sprays.  The capsaicin 

produces analgesia by depleting substance P in small fiber nociceptor neurons on 

which Transient Receptor Potential action channel (subfamily V), type 1 (TRPV1) is 

predominantly located.  Capsaicin binds to the vanilloid receptor TRPV1, which acts 

as a molecular integrator of chemical and physical painful stimuli [7].  Capsaicin is 

used in topical therapy for a variety of disorders such as musculoskeletal pain, post 

herpetic neuralgia, rheumatism, lumbago, sciatica and bladder dysfunction [7, 8].  

However, capsaicin has strong pungency leading to limitation in clinical use.  A 

significant first pass metabolism has been detected from capsaicinoids in rats, and 

mice and the half-life of capsaicin by intravenous administration in rats was very 

short (7.06 min).  In addition, it has very poor aqueous solubility resulting in 

difficulties in the design of pharmaceutical formulation [9]. 

Zhoa X et al. performed the study that the microemulsions comprised of oleic 

acid, Cremophor RH 40:Labrasol (1:2) and water were a possible matrix for 

transdermal delivery of theophylline. Pharmacokinetic study in vivo was conducted 

using rabbits, and the results indicated that the microemulsions showed the low Cmax 

and prolonged tmax, which was due to the barrier properties of the skin which lead to 

an accumulation of the drug in the skin.  The summary of the AUC of transdermal 

administration was 1.65-fold higher than that of oral solution administration [10]. 

Zhu W et al. investigated microemulsion-based hydrogel as a topical delivery 

system for 0.5% penciclovir. Microemulsions system was comprised of oleic acid 

(5%w/w), Cremophor EL (20%w/w), Ethanol (30%w/w) and water (45%w/w).  The 
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results of permeation test in vivo in mice showed that the cumulative amount of 

penciclovir from microemulsions were significantly higher than that of the 

commercial cream.  During initial 2 h, from three preparations (cream, microemulsion 

and microemulsion-based hydrogel) the cumulative amount of penciclovir permeated 

into epidermis was not significantly different, whereas in dermis, the cumulative 

amount of penciclovir from microemulsion was as much as 2 times comparing with 

the commercial cream and microemulsion-based hydrogel was almost 1.5 times.  In 

subsequent time, for the commercial cream, the drug concentration in epidermis and 

dermis decreased obviously.  However drug concentrations of the two other 

preparations were still maintained at a relative higher level [11]. 

The aim of the study is to develop novel microemulsion formulations for the 

transdernal delivery of capsaicin using isopropyl mistate (IPM) as oil phase, cocamide 

diethanolamine or cocamide DEA (Comperlan® KD) as surfactant, ethanol 95% as co-

surfactant and water as aqeous phase.  Cocamide DEA (Comperlan® KD) has not 

been reported to use in pharmaceutical microemulsions.  Physicochemical properties 

were characterized such as pH, electrical conductivity, particle size distribution, 

accelerated stability and photostability.  The in vitro skin permeation of capsiacin 

through rat skin was also evaluated. 

1.2 Objectives of research 

1.2.1 To develop microemulsion systems for the transdernal delivery of 

capsaicin. 

1.2.2 To investigate the influence of the microemulsion compositions 

such as oil, surfactant/co-surfactant mixtures and water on physicochemical properties 

(i.e. particle size, size distribution) and in vitro skin permeation enhancement. 

 

1.3 Hypothesis 

1.3.1 The microemulsion systems can be potentially used as a 

transdernal delivery of capsaicin.  

1.3.2 The microemulsion compositions influences on the 

physicochemical properties and in vitro skin permeation enhancement. 
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1.4 Scope of research work 

1.4.1 The microemulsion systems for capsaicin in this study were 

constructed by using water tritration method at ambient temperature. 

1.4.1.1 The surfactant/co-surfactant weight ratio was 1:1, 2:1, 

3:1 and 4:1, respectively.  

1.4.1.2 The mixtures of isopropyl myristate (IPM) and 

surfactant/co-surfactant were prepared at weight ratios of 5:95, 10:90, 20:80, 30:70, 

40:60, 50:50, 60:40, 70:30, 80:20, 90:10, respectively. 

1.4.1.3 From pseudo-ternary phase diagram, the 

microemulsion vehicles that have a good physicochemical properties and stability 

were selected and prepared for capsaicin-loaded microemulsions. 

1.4.2 The physicochemical properties of microemulsion formulations 

(e.g. pH, electrical conductivity, particle size and size distribution) were characterized 

before and after loading with capsaicin.  

1.4.3 Drug content, Drug solubility, accelerated stability and 

photostability of formulations and in vitro skin permeation are investigated. 
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2.1 Skin anatomy and physiology 

The skin is the largest organ of the body accounting for about 15% of the total 

adult body weight.  It performs many vital functions, including protection against 

external physical, chemical, and biologic assailants, as well as prevention of excess 

water loss from the body and a role in thermoregulation.  The skin is continuous, with 

the mucous membranes lining the body’s surface.  The integumentary system is 

formed by the skin and its derivative structures. 

The skin is composed of three layers: the epidermis, the dermis, and 

subcutaneous tissue.  Skin is a dynamic organ in a constant state of change, as cells of 

the outer layers are continuously shed and replaced by inner cells moving up to the 

surface.  Although structurally consistent throughout the body, skin varies in 

thickness according to anatomical site and age of the individual.  The epidermis is the 

outer layer, serving as the physical and chemical barrier between the interior body and 

exterior environment. The dermis is the deeper layer providing the structural support 

of the skin, below which is a loose connective tissue layer. The subcutaneous or 

hypodermis is an important depot of fat. 
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Figure 2.1 The human skin schematically. 

Source: Trommer H, Neubert RH, “Overcoming the stratum corneum: the modulation 

of skin penetration. A review,” Skin Pharmacology and Physiology 19, 2 

(2006): 106-121. 

2.1.1 Epidermis 

The epidermis is stratified squamous epithelium. The main 

cells of the epidermis are the keratinocytes, which synthesize the keratin protein.  

Protein bridges called desmosomes connect the keratinocytes, which are in a constant 

state of transition from the deeper layers to the superficial.  The four separate layers of 

the epidermis are formed by the differing stages of keratin maturation.  The epidermis 

varies in thickness from 0.05 mm on the eyelids to 0.8±1.5 mm on the soles of the feet 

and palms of the hand.  Moving from the lower layers upwards to the surface, the four 

layers of the epidermis are: 

 



11 

2.1.1.1 Stratum basale (basal or germinativum cell layer) 

The innermost layer of the epidermis which lies 

adjacent to the dermis is composed of mainly deviding and non-deviding 

keratinocytes, which are attached to the basement membrane.  As keratinocytes divide 

and differentiate, they move from the deeper layer to the surface.  Making up a small 

proportion of the basal cell population is the pigment (melanin) producing 

melanocytes.  Melanin accumulates in melanosomes that are transferred to the 

adjacent keratinocytes where they remain as granules.  Melanin pigment provides 

protection against ultraviolet (UV) radiation; chronic exposure to light increases the 

ratio of melanocytes to keratinocytes, so more are found in facial skin compared to 

the lower back and a greater number on the outer arm compared to the inner arm. 

2.1.1.2 Stratum spinosum (spinous or prickle cell layer) 

As basal cells reproduce and mature, they move towards 

the outer layer of skin, initially forming the stratum spinosum.  Intercellular bridges, 

the desmosomes, which appear as “prickles” at a microscopic level, connect the cells.  

Langerhans cells are dendritic, immunologically active cells derived from the bone 

marrow, and are found on all epidermal surfaces but are mainly located in the middle 

of this layer. They play a significant role in immune reactions of the skin, acting as 

antigen-presenting cells. 

2.1.1.3 Stratum granulosum (granular cell layer) 

Stratum granulosum continues its transition to the 

surface.  The cells continue flatten, lose their nuclei and their cytoplasm appears 

granular at this level. 

2.1.1.4 Stratum corneum (horny layer) 

The final outcome of keratinocyte maturation is found 

in the stratum corneum, which is made up of layers of hexagonal-shaped, non-viable 

cornified cells known as corneocytes. Each corneocyte is surrounded by a protein 

envelope and is filled with water-retain keratin proteins. The cellular shape and 
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orientation of the keratin proteins add strength to the stratum corneum.  Surrounding 

the cells in the extracellular space are stacked layers of lipid bilayers.  This is often 

referred to as a “bricks and mortar” arrangement. 

 
 

Figure 2.2 Corneocyte lipid bilayers 

Source: Bensouilah J, Buck P, Aromadermatology: Aromatherapy in the 

Treatment and Care of Common Skin Conditions (Australia: Radcliffe 

Publishing, 2006), 1-11. 

The stratum corneum represents the main physical 

barrier of the skin, so that for a substance permeating across the skin, diffusion 

through the stratum corneum is the rate limiting step.  Conversely, the stratum 

corneum is also the main barrier for diffusion of water out of the skin.  Transport of 

substances across the stratum corneum occurs mainly by passive diffusion and based 

on the dual-compartment bricks and mortar structure of the stratum corneum, 

interrupted by appendages, is considered to occur via three possible routes.  Covering 

the corneocytes on the stratum corneum surface is a thin (0.4-10 μm), irregular and 
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discontinuous layer consisting of sebum secreted by the sebaceous glands, along with 

sweat, bacteria and dead skin cells.  This layer is considered to have a negligible 

effect as an additional barrier to permeation through the stratum corneum [3, 12]. 

2.1.2 Dermis 

Dermis is 3–5 mm thick layer and is composed of matrix of 

connective tissue, which contains blood vessels and nerves.  The cutaneous blood 

supply has essential function in regulation of body temperature.  It also provides 

nutrients and oxygen to the skin while removing toxins and waste products.  

Capillaries reach to within 0.2 mm of skin surface and provide sink conditions for 

most molecules penetrating the skin barrier.  The blood supply thus keeps the dermal 

concentration of a permeant very low, and the resulting concentration difference 

across the epidermis provides the essential concentration gradient for transdermal 

permeation [13]. 

2.1.3 Hypodermis 

The hypodermis or subcutaneous fat tissue supports the dermis 

and epidermis. It serves as a fat storage area.  This layer helps to regulate temperature, 

provides nutritional support and mechanic protection.  It carries principal blood 

vessels and nerves to skin and may contain sensory pressure organs [13].  

Three different functions may be achieved when drugs are applied to the skin.  

Firstly, it may be desirable to have the active remaining on the surface of the skin, e.g. 

for skin disinfection, dermal insect repellents and cosmetics for skin decoration.  The 

second function is when formulations for topical administration are designed to allow 

the dermal penetration of their actives into the deeper regions of the skin such as the 

viable epidermis and the dermis.  Thirdly, the systemic action of drugs by transdermal 

application can be the aim of the topical therapy.  All three kinds of administration are 

controlled by the anatomical properties of the skin (e.g. skin type and actual skin 

condition), drug features (e.g. lipophilicity, particle size, protein binding capacity) and 

the formulation features (e.g. vehicle composition, rheological properties) [3]. 
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2.2 Permeation pathways 

The stratum corneum is the rate-limiting barrier to deliver most molecules.  

There are two general options for drug substances to permeate the stratum corneum, 

the transepidermal route and the route via pores (appendageal route). 

2.2.1 Transepidermal route 

The transepidermal route can be divided into the transcellular 

and the intercellular (paracellular) route [3, 13]. 

2.2.1.1 Transcellular route 

Transcellular route is the direct route for transport the 

drug substances into the skin.  The drug has to cross the skin by directly passing 

through both the lipid structures of the stratum corneum and the cytoplasm of the dead 

keratinocytes.  The drug substances encounter significant resistance to permeation 

because they have to cross both lipophilic and hydrophilic structures.  This process is 

for passive transport of small molecules, active transport of ionic and polar 

compounds and endocytosis and transcytosis of macromolecules. 

2.2.1.2 Intercellular (paracellular) route 

The intercellular route is the common route for drugs to 

permeate the skin.  The permeant overcomes the stratum corneum by passing between 

the corneocytes. 

2.2.2 Route via pores (appendageal route) 

Appendageal route comprises transport via sweat glands and 

hair follicles with their associated sebaceous glands.  These routes circumvent 

penetration through the stratum corneum and are therefore known as “shunt” routes.  

This route is considered to be of minor importance because of its relatively small area, 

approximately 0.1% of the total skin area. 
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Figure 2.3 Permeation pathways of drug penetration across the stratum corneum 

schematically 

Source: Trommer H, Neubert RH, “Overcoming the stratum corneum: the modulation 

of skin penetration. A review,” Skin Pharmacology and Physiology 19, 2 

(2006): 106-121. 

2.3 Skin permeation enhancer 

The fundamentals of successful pharmaceutical formulation are to enable 

delivery of the active substance to the target organ at therapeutically relevant levels, 

with negligible discomfort and side effects to the patient.  The route of administration 

is major influence.  Topical administration offers several attractions compared to the 

traditional routes.  Transdermal drug delivery to the systemic circulation excels itself 

by avoidance of hepatic first-pass metabolism, potential of long-term controlled 

release with avoidance of the typical peak-trough plasma-profiles associated with 

frequent dosage regiments, ease of administration and possibility of immediate 

withdrawal of the treatment.  However, the main indicator for topical administration is 

when the skin itself is the target organ.  Despite the substantial of transdermal and 

dermal drug delivery, only relatively few drugs are yet commercially available as 

topical formulations.  The main limitation lies in the barrier function of the skin, 

which is considered one of the most impermeable epithelia of the human body to 
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exogenous substances.  Therefore, the major challenge for topical formulations today 

is to provide a sufficient increase in drug penetration into the skin, without inducing 

significant irreversible alterations to the skin barrier function [1]. 

Human skin serves a protective function by imposing physicochemical 

limitations to the type of permeant that can traverse the barrier.  For a drug to be 

delivered passively via the skin, it needs to have a suitable lipophilicity and a 

molecular weight (<500 Da).  Permeation enhancers (sorption promoters or 

accelerants) are used for improving transdermal drug delivery which penetrates into 

skin to reversibly reduce the barrier resistance [14] 

2.3.1 Chemical penetration enhancers 

Chemical percutaneous enhancers have long been used to 

increase the range of drugs that can be effectively delivered through the skin.  An 

ideal chemical penetration enhancer should have the following attributes: 

a) It should be non-toxic, non- irritating and non-allergenic 

b) It should work rapidly, and its activity and duration of effect 

should be both predictable and reproducible 

c) It should exert no pharmacological activity within the body 

d) It should work unidirectionally 

e) When removed, the skin’s barrier properties should return 

both rapidly and fully 

f) It should be compatible with both excipients and drugs 

g) It should be cosmetically acceptable and, ideally, odorless 

and colorless. 

Its mechanisms includes disruption of inter cellular lipid and/or 

keratin domains and tight junctions which results in enhanced drug partitioning into 

tissue, altered thermodynamic activity/solubility of drug [14]. 
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Chemical permeation enhancers have traditionally been 

classified based on their chemical structures rather than their mechanisms of action on 

skin.  The examples of chemical enhancers are 

2.3.1.1  Water 

2.3.1.2  Sulphoxides and similar chemicals 

2.3.1.3  Azone and derivatives 

2.3.1.4  Pyrrolidones 

2.3.1.5  Fatty acids 

2.3.1.6  Alcohols, fatty alcohols and glycols 

2.3.1.7  Surfactants 

2.3.1.8  Urea and derivatives 

2.3.1.9  Essential oils, terpenes and terpenoids 

2.3.1.10  Phospholipids 

2.3.1.11  solvent at high concentrations 

2.3.1.12  Oxazolidinones 

2.3.1.13  Cyclodextrins [3, 15, 16] 

2.3.2 Physical permeation enhancers 

Improvement in physical permeation-enhancement 

technologies has led to renewed interest in transdermal drug delivery.  Some of these 

novel advanced transdermal permeation enhancement technologies include: 

2.3.2.1  Iontophoresis 

2.3.2.2  Electroporation 

2.3.2.3  Sonophoresis 

2.3.2.4  Photomechanical waves 

2.3.2.5  Microneedle 

2.3.2.6  Macroflux 

2.3.2.7  Powerjet 

2.3.2.8  Needless injection 

2.3.2.9  Heat-enhanced transdermal delivery 
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2.3.2.10  Magnetophoresis 

2.3.2.11  Mechanical perturbation 

2.3.2.12  Laser ablation [17] 

 

Figure 2.4 Actions of chemical penetration enhancers within the human skin 

Source: Williams, A. C. and B. W. Barry, "Penetration enhancers," Advanced Drug 

Delivery Reviews 64, Supplement 0 (2012): 128-137. 
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2.3.3 Passive method for enhancing 

For a substance to be well absorbed from the skin it should 

have a suitable molecular weight, and a balanced solubility in both oil and water with 

a log partition coefficient value between 1 and 3.  Drug absorption across the skin 

could be enhanced by adapting one or more of the several strategies. 

2.3.3.1 supersaturation of drug 

2.3.3.2 Eutectic systems 

2.3.3.3 Prodrug approach 

2.3.3.4 Ion pair formation 

2.3.3.5 Complexation 

2.3.3.6 Liposomes 

2.3.3.7 Microemulsions 

2.3.3.8 Organogels 

2.3.3.9 Solid lipid nanoparticles 

2.3.3.10 Liquid crystalline systems [18] 

2.4 Microemulsions 

Recent attention has been sharply focused on microemulsions which in 

addition to advantages reveal superior stability.  Microemulsions represent versatility 

as novel vehicle having potential of increasing percutaneous delivery of both 

hydrophilic and lipophilic drugs.  The components, composition and structure of 

microemulsions are used to modify penetration rate of drug across skin [19]. 

The microemulsion concept was introduced as early as the 1940s by Hoar and 

Schulman who generated a clear single-phase solution by titrating a milky emulsion 

with heaxnol.  In 1959, Schulman and coworkers introduced the term 

“microemulsion”, very small emulsion-like structures were confirmed by solidifying 

the oil phase through staining and visualized by electron microscopy.  In 1981, the 

definition of microemulsion was provided by Danielsson and Lindman. 

Microemulsions are defined as a system of water, oil and amphiphile which is a single 
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optically isotropic and thermodynamically stable liquid solution [1, 4, 5,].  The key 

differences between emulsions and microemulsions are shown in the table 2.1. 

 

Table 2.1 The key differences between emulsions and microemulsions [20] 

Property Emulsions Microemulsions 

Visual appearance 

Droplet size 

Stability 

 

Viscosity 

Microstructure 

 

 

Formation 

Turbid to milky 

0.1-10 μm 

Thermodynamically 

unstable 

High 

2 type e.g. oil-in-water 

(o/w), water-in-oil (w/o) 

 

Require energy input 

Transparent or translucent 

10-140 nm 

Thermodynamically 

stable 

Low 

3 type e.g. oil-in-water 

(o/w), bicontinuous, 

water-in-oil (w/o) 

Spontaneous 

 

Source: Junyaprasert, V.B, Nanotechnology: Skin Delivery of Drugs and 

Cosmetics (Bangkok: People co., ltd., 2009). 
 

2.4.1 Structure of microemulsions system 

The microemulsions system can be one of three types 

depending on the relative ratios of the constituting components: oil-in-water (o/w), 

bicontinuous and water-in-oil (w/o).  The simplest representation of the 

microemulsios microstructure is with reference to the droplet model in which an 

interfacial film comprising amphiphile (surfactant/cosurfactant) molecules surrounds 

the dispersed droplets (Figure 2.5-2.6).  The interfacial orientation of the amphiphile 

varies depending on the microemulsions type.  The structure of the microemulsions 

being o/w or w/o depends to a great extent on the volume fraction of water, oil and 

amphiphile as well as the nature of the interfacial film.  Droplets of w/o 

microemulsions form when the water volume fraction is low, whereas o/w 

microemulsions droplets form when the oil volume fraction is low and water is 
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present in abundance.  On the other hand, in systems with almost equal amounts of 

water and oil, a bicontinuous microemulsions is likely to exist.  Both oil and water 

entwine as nano-domains that are separated by an amphiphile-stabilized interface with 

a net curvature close to zero [5]. 

 

 

Figure 2.5 Theoretical pseudo-ternary phase diagram outlining the region of existence 

of one-phase and two-phase systems (o = oil component, w = water 

component and s = amphiphile (surfactant/co-surfactant) component) 

Source: Fanun M and others, Microemulsions properties and applications (United 

states of America: CRC Press, 2008). 
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Figure 2.6 Basic dynamic microemulsion structures formed by oil phase (grey), 

aqueous phase (white) and surfactant/co-surfactant interfacial film, and 

plausible transitions between the structures (indicated by arrows) by 

increase of oil fraction (clockwise from left to right) and water fraction 

(anti-clockwise from right to left), respectively 

Source: Kreilgaard M., “Influence of microemulsions on cutaneous drug delivery,” 

Advanced Drug Delivery Reviews 54, Supplement 0 (2002): S77-S98. 
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2.4.2 Theories of microemulsions formation 

Microemulsions are formed simultaneously when interfacial 

tension between oil and water is reduced close to zero.  The formation and as well as 

stability of microemulsions can be affected by various factors such as nature of 

surfactant, molecular weight of surfactant, alcohol chain length, temperature etc.  

Three approaches have been used to explain microemulsion formation: 

2.4.2.1 Interfacial or mixed film theory 

It states film at the interface is assumed to be dual film 

and the type of microemulsions (o/w or w/o) depends on bending or curvature of 

interface. 

2.4.2.2 Solubilization theory 

It states that oil is solubilized by normal micelles and 

water is solubilized by reverse micelles. 

2.4.2.3 Thermodynamic theory 

It states that free energy of formation must be negative 

to form thermodynamically stable microemulsions [19]. 

2.4.3 Components of microemulsions 

A large number of oils and surfactants are available which can 

be used as components of microemulsion systems but their toxicity, irritation potential 

and unclear mechanism of action limit their use.  One must choose materials that are 

biocompatible, non-toxic, clinically acceptable, and use emulsifiers in an appropriate 

concentration range that will result in mild and non-aggressive microemulsions.  The 

emphasis is, therefore, on the use of generally regarded as safe (GRAS) excipients. 
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2.4.3.1 Oil phase 

The oil component influences curvature by its ability to 

penetrate and hence swell the tail group region of the surfactant monolayer.  Short 

chain oils penetrate the tail group region to a greater extent than long chain alkanes, 

and hence swell this region to a greater extent, resulting in increased negative 

curvature (and reduced effective HLB).  Saturated (for example, lauric, myristic and 

capric acid) and unsaturated fatty acids (for example, oleic acid, linoleic acid and 

linolenic acid) have penetration enhancing property of their own and they have been 

studied since a long time.  Fatty acid esters such as ethyl or methyl esters of lauric, 

myristic and oleic acid have also been employed as the oil phase.  

Lipophilic drugs are preferably solubilized in o/w 

microemulsions.  The main criterion for selecting the oil phase is that the drug should 

have high solubility in it.  This will minimize the volume of the formulation to deliver 

the therapeutic dose of the drug in an encapsulated form. 

2.4.3.2 Surfactants 

The surfactant chosen must be able to lower the 

interfacial tension to a very small value which facilitates dispersion process during the 

preparation of the microemulsions and provide a flexible film that can readily deform 

around the droplets and be of the appropriate lipophilic character to provide the 

correct curvature at the interfacial region.  It is generally accepted that low HLB 

surfactants are favored for the formulation of w/o microemulsions, whereas 

surfactants with high HLB (>12) are preferred for the formation of o/w 

microemulsions.  Surfactants having HLB greater than 20 often require the presence 

of cosurfactants to reduce their effective HLB to a value within the range required for 

microemulsions formation. 
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2.4.3.3 Co-surfactants 

In most cases, single-chain surfactants alone are unable 

to reduce the o/w interfacial tension sufficiently to enable microemulsions to form.  

The presence of co-surfactants allows the interfacial film sufficient flexibility to take 

up different curvatures required to form microemulsions over a wide range of 

composition.  If a single surfactant film is desired, the lipophilic chains of the 

surfactant should be sufficiently short, or contain fluidizing groups (e.g. unsaturated 

bonds).  Short to medium chain length alcohols (C3-C8) are commonly added as co-

surfactants which further reduce the interfacial tension and increase the fluidity of the 

interface. 

2.4.3.4 Aqueous phase 

Most commonly, water is used as aqueous phase.  The 

pH of aqueous phase always needs to be adjusted due to its considerable impact on 

phase behavior of microemulsions.  As in case of microemulsions used for parenteral 

administration aqueous phase should be iso-osmotic to blood which is adjusted by 

sodium chloride, glycerol, dextrose and sorbitol [19, 21]. 

2.4.4 Method of preparation 

2.4.4.1 Phase titration method 

Microemulsions are prepared by the spontaneous 

emulsification method (phase titration method) and can be depicted with the help of 

phase diagrams.  Construction of phase diagram is a useful approach to study the 

complex series of interactions that can occur when different components are mixed.  

Microemulsions are formed along with various association structures (including 

emulsion, micelles, lamellar, hexagonal, cubic, and various gels and oily dispersion) 

depending on the chemical composition and concentration of each component.  As 

quaternary phase diagram (four component system) is time consuming and difficult to 

interpret, pseudo-ternary phase diagram is often constructed to find the different zones 
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including microemulsion zone, in which each corner of the diagram represents 100% 

of the particular component. 

2.4.4.2 Phase inversion method 

Phase inversion of microemulsions occurs upon 

addition of excess of the dispersed phase or in response to temperature.  During phase 

inversion drastic, physical changes occur including changes in particle size that can 

affect drug release both in vivo and in vitro.  These methods make use of changing the 

spontaneous curvature of the surfactant.  For non-ionic surfactants, this can be 

achieved by changing the temperature of the system, forcing a transition from an o/w 

microemulsions at low temperatures to a w/o microemulsions at higher temperatures 

(transitional phase inversion).  During cooling, the system crosses a point of zero 

spontaneous curvature and minimal surface tension, promoting the formation of finely 

dispersed oil droplets.  This method is referred to as phase inversion temperature 

(PIT) method.  Instead of the temperature, other parameters such as salt concentration 

or pH value may be considered as well instead of the temperature alone.  

Additionally, a transition in the spontaneous radius of curvature can be obtained by 

changing the water volume fraction.  By successively adding water into oil, initially 

water droplets are formed in a continuous oil phase.  Increasing the water volume 

fraction changes the spontaneous curvature of the surfactant from initially stabilizing 

a w/o microemulsions to an o/w microemulsions at the inversion locus.  Short-chain 

surfactants form flexible monolayers at the o/w interface resulting in a bicontinuous 

microemulsions at the inversion point [21]. 

2.4.5 Characterization of microemulsions 

In the pharmaceutical field, microemulsions belong to the 

group of colloidal drug delivery systems and can therefore be subjected to several 

physicochemical analytical techniques used to characterize conventional colloids.  

Microemulsions can be differentiated from coarse emulsions or other two-phase 

systems by visual inspection (microemulsions = transparent or translucent, two-phase 

systems = turbid).  Visual inspection is therefore commonly used for the investigation 
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of phase diagrams to establish the initial phase boundaries.  For exact determination 

of the phase boundaries, other techniques have to be used which give detailed 

information about the phase behavior and the microstructure of the pseudo-ternary 

systems to be able to differentiate between liquid crystalline systems and the different 

microemulson types (w/o droplet, bicontinuous, o/w droplet, or solution-type). 

2.4.5.1 Visual inspection 

Visual inspection of pseudo-ternary systems is the first 

step in establishing the region boundaries in a phase diagram.  The individual systems 

are visually inspected for clarity, signs of phase separation, and birefringence, 

subsequently left to equilibrate (for 24 h up to 1 week) and then re-inspected.  When 

using nonionic surfactants, care should be taken that temperature fluctuations are 

avoided over the storage period, as nonionic surfactants are temperature sensitive.  

Visually, microemulsions are clear and thus easy to differentiate from a coarse 

emulsion or other two-phase systems.  The clarity is due to their very small “droplet” 

size, which does not scatter visible light as compared to bigger aggregates like 

droplets in a coarse emulsion. 

2.4.5.2 Polarizing light microscopy 

For the characterization of microemulsions, one can 

take advantage of the fact that these colloidal systems are isotropic and can be 

differentiated from liquid crystalline systems, which are anisotropic and show 

birefringence when viewed using polarizing light microscopy.  If the specimen sample 

is anisotropic, it shows birefringence (such as lamellar, hexagonal, or reverse 

hexagonal liquid crystals).  On the other hand, if the sample is isotropic (like 

microemulsion systems or coarse emulsions), light travel through undisturbed.  The 

differentiation between microemulsions systems containing liquid crystals and pure 

microemulsions systems is critical for phase behavior studies. 
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2.4.5.3 Electrical conductivity 

Electrical conductivity has been traditionally used as a 

standard technique to study the phase behavior of coarse emulsions.  Similarly, 

microemulsionss can exist as w/o or o/w systems, therefore conductivity 

measurements can be applied for their characterization.  The underlying principle for 

phase determination by conductivity is the ability of water to conduct an electric 

current, which is measured in S cm-1 or μS cm-1.  If water forms the continuous phase 

of an ME, the system will show a high conductivity, on the other hand, the system 

will exhibit low conductivity if oil becomes the continuous phase.  The change from a 

w/o system to an o/w system is generally associated with a significant increase in 

conductivity. 

2.4.5.4 Flow properties 

The flow properties of a colloidal system are very much 

dependent on its microstructure.  Microemuslions systems show flow typical of 

Newtonian liquids, for which the shear stress is directly proportional to the shear rate.  

Since viscosity measurements are dynamic experiments, they will give information on 

dynamic properties of the microemulsionss.  These will depend on the microstructure, 

type of aggregates, or interactions within the microemulsionss, which in turn are 

determined by the concentration of the various components and the temperature.  

When characterizing microemulsionss by viscosity measurements, the Newtonian 

flow behavior of microemulsions is a decisive feature in the differentiation from other 

colloidal systems, especially when other characteristics such as spontaneous 

formation, clarity, etc. already point at the existence of microemulsionss.  The 

Newtonian flow behavior of ME is based on their equilibrium structure.  As long as 

the increasing stress does not alter the internal structure, flow increases linearly with 

increasing shear stress. 
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2.4.5.5 Differential scanning calorimetry (DSC) 

DSC has been only recently added to the range of 

characterization techniques for microemulsionss.  DSC belongs to the thermal 

analysis methods and probes the pharmaceutical thermal behavior of a sample as a 

function of an externally applied temperature.  During heating or cooling of the 

sample, endothermic (melting, sublimation, chemical degradation) or exothermic 

(crystallization) events can be monitored in a thermogram.  Every compound exhibits 

a characteristic pattern of endothermic or exothermic events, and phase transitions can 

easily be detected with DSC.  When using DSC for investigating microemulsionss 

systems, the freezing and melting behavior of water can give valuable insight into the 

phase behavior of these systems.  Water can be detected as being free (bulk) or bound 

(interfacial) water.  The freezing peak for free water increased upon increasing water 

concentration in the sample and became the dominant peak in the thermogram above 

water concentration of 20%.  With increasing water content, this peak shifted toward 

the freezing temperature of free water. 

2.4.5.6 Self-diffusion nuclear magnetic resonance (self-

diffusion NMR) 

Self-diffusion NMR gives detailed information on 

colloidal systems by focusing on the molecular level.  Self-diffusion measurements 

give uniquely detailed and sensitive information on molecular organization and phase 

structure by reflecting binding and association phenomena as well as diffusion and 

flow, thereby making it a particularly suitable method for the characterization of 

colloidal systems.  For self-diffusion NMR measurements, microemulsions samples 

are filled into standard NMR tubes.  Tetramethylsilane dissolved in D2O and sealed 

into a capillary is commonly used as reference.  1H-NMR spectra of the pure 

components and the microemulsions are acquired and Fourier transformed.  For 

analysis, peaks of the microemulsions formulation can be assigned to the individual 

components by comparison to spectra obtained from the pure microemulsions 

components.  In w/o droplet type, the water diffusion is determined by the diffusion of 

the droplet and therefore will be slower than the diffusion of the oil in the continuous 
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oil phase whereas in an o/w droplet type, the reverse can be observed.  Diffusion of 

the surfactant molecules is slow in both cases as they are associated with the droplets.  
In a bicontinuous, where both oil and water form large domains, the diffusion 

coefficients of these two components are almost of the same order of magnitude as the 

ones observed for the pure components, and the surfactant is the slowest-diffusing 

component. 

Doil > Dwater = Dsurfactant water-in-oil droplet microemulsions 

Dwater > Doil = Dsurfactant  oil-in-water droplet microemulsions 

Dwater = Doil > Dsurfactant bicontinuous microemulsions 

2.4.5.7 Electron microscopy techniques 

The techniques described in the previous sections are 

important in the characterization of colloidal systems and give valuable insights into 

the microstructure.  However, they all probe indirectly for the microstructure and use 

mathematical models to interpret the results.  Freeze fracture-TEM (FF-TEM) has 

been one of the first electron microscopic techniques used to visualize colloidal 

systems, and advances in cryo preparation techniques and electron microscopy in 

general have established these techniques as invaluable tools in the characterization of 

microemulsions.  Electron microscopy allows the direct observation of the system of 

interest and the obtained micrographs can satisfy our sense of vision.  To view a 

colloidal sample with electron microscopy, a transformation from the liquid into the 

solid state of the sample has to be performed.  Otherwise, volatile components of the 

sample may evaporate into the vacuum of the microscope stage, or the sample may 

flow due to the forces of the electron beam or be damaged by forces of the electron 

beam.  Cryo preparation techniques and coatings mainly achieve this transformation 

and “protection.”  Coatings can also improve the low contrast between the aqueous 

and organic components in the microemulsions.  Sample preparation can be invasive, 

and alter the microstructure of microemulsions, therefore caution has to be exercised 

in the interpretation of micrographs [5]. 
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2.4.6 Microemulsions for transdermal drug delivery 

Transdermal drug delivery offers many advantages over other 

traditional routes of drug delivery.  These include avoidance of the hepatic first pass 

metabolism, ease of administration with a good control over the rate of drug delivery.  

In addition, it allows for immediate termination of therapy when needed.  

Unfortunately, the barrier nature of the skin makes it difficult for most drugs to be 

delivered into and through it.  Alternative strategies have been employed to enhance 

dermal and transdermal delivery.  These include the use of chemical penetration 

enhancers, preparation of supersaturated drug delivery systems, electrically driving 

molecules into or through the tissue employing iontophoresis, physically disrupting 

the skin structure, for example, by electroporation or sonophoresis, or by 

encapsulating the drug in vesicular delivery systems. 

Microemulsions provide another promising alternative for 

dermal and transdermal delivery of both hydrophilic and lipophilic drugs.  The use of 

microemulsions in skin drug delivery has been reviewed and it was noted that 

although many reports of cutaneous drug delivery potential of topical microemulsoins 

have been published recently, most of the studies have not been very systematic or 

consecutive which hampered drawing general conclusions on the interrelations 

between the microemulsions properties or composition and the drug delivery rate.  

The components of the microemulsions not only affect the phase behavior, but may 

also influence its efficacy in transdermal delivery.  Since the microemulsions are a 

multicomponent system and its formation requires high surfactant concentration, the 

skin irritation aspect must be considered especially when they are intended to be 

applied for a longer period. 
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2.4.6.1 Mechanisms of microemulsions 

The mechanisms of improved skin delivery from 

microemulsions systems can be summarized as follows: 

2.4.6.1.1 High-drug loading capacity of 

microemulsions can provide higher concentration gradient and thus increasing the 

driving force across the skin. 

2.4.6.1.2 Penetration enhancing effect of the 

microemulsions components. 

2.4.6.1.3 Possibility that the microemulsions 

components can enter the skin as monomers with the result that the solubility of the 

drug in the skin is increased.  This process will increase the partitioning of the drug 

into the skin creating high-drug concentration within the upper layers of the skin and 

thus high-driving force for transdermal drug delivery. 

2.4.6.1.4 Possibility of direct drug transfer from 

the microemulsions droplet to the stratum corneum was considered.  This 

consideration was based on the fact that the presence of the drug in the microstructure 

of the microemulsions, which has a very small droplet size, will give large surface 

area for drug transfer to the skin. 

2.4.6.1.5 Fact that the microemulsions had very 

low-interfacial tension will allow for excellent contact with the skin surface, with the 

vehicle filling even the wrinkles and microscopic gaps.  This should enhance the 

vehicle skin drug transfer. 

2.4.6.1.6 Supersaturation process increases the 

thermodynamic activity and the driving force for the transdermal drug transfer.  This 

process can be resulted from the fact that microemulsions systems usually undergo 

phase transition upon dilution with aqueous phase or evaporation of any volatile 

constituents, which can influence the drug loading with the possibility of formation of 

supersaturated systems [5]. 
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2.4.6.2 Advantages of microemulsions 

Several plausible mechanisms have been proposed to 

explain the advantages of microemulsions for the transdermal delivery of a drug as 

follows: 

2.4.6.2.1 A large amount of drug can be 

incorporated in the formulation due to the high solubilizing capacity that might 

increase thermodynamic activity towards the skin. 

2.4.6.2.2 The permeation rate of the drug from 

microemulsions may be increased, since the affinity of a drug to the internal phase in 

microemulsions can be easily modified to favor partitioning into stratum corneum, 

using different internal phase, changing its portion in microemulsions. 

2.4.6.2.3 The surfactant and co-surfactant in the 

microemulsions may reduce the diffusional barrier of the stratum corneum by acting 

as penetration enhancers. 

2.4.6.2.4 The percutaneous absorption of drug will 

also increase due to hydration effect of the stratum corneum, if the water content in 

microemulsions is high enough. 

Due to the small droplet size and large amount of inner 

phase in microemulsions, the density of droplets and their surface area are assumed to 

be high.  Therefore, droplets settle down to close contact with the skin providing high 

concentration gradient and improved drug permeation.  Moreover, low surface tension 

ensures good contact to the skin.  Also, the dispersed phase can act as a reservoir 

making it possible to maintain an almost constant concentration gradient over the skin 

for a long time [21]. 
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2.5 Capsaicin 

Capsaicin (8-methyl-N-Vanillyl-6-nonenamide) is a naturally alkaloid 

(capsaicinoid) extracted from chili peppers, which are plants belonging to the 

Capsicum family.  The primary capsaicinoid in chili pepper is capsaicin, followed by 

dihydrocapsaicin, nordihydrocapsaicin, homodihydrocapsaicin and homocapsaicin.  

Capsaicin and dihydrocapsaicin account for approximately 90% of capsaicinoids in 

chili pepper fruit, are the two most potent capsaicinoids and their molecules differ 

only in the saturation of the acyl group.  The main ingredient responsible for the hot 

pungent taste and it causes a burning sensation to the mammalian tissue.  Capsaicin is 

a crystalline, lipophilic, colorless and odorless alkaloid.  First crystallized in 1876 by 

Tresh, capsaicin’s molecular structure was resolved by Nelson and Dawson in 1919.  

Capsaicin displays cis/trans isomerism because the double bond prevents internal 

rotation.  Capsaicin is always found as the trans isomer because in the cis form, the -

CH(CH3)2 and the longer chain on the other side of the double bond will be close 

together, causing them to repel each other slightly; this steric hindrance does not exist 

in the trans isomer.  This additional strain imposed causes the cis isomer to be a less 

stable arrangement than the trans isomer.  Structural differences among the 

capsaicinoids are defined by the nature of the lateral chain, which ranges from 9 to 11 

carbons long with a variable number of double bonds located in different positions 

along the chain (Figure 2.7). 

Capsaicinoids are important in the food and pharmaceutical industries.  For 

this reason, a number of researchers are engaged in improving their production by 

manipulating chili plant cultivation conditions, chemical synthesis, enzymatic 

synthesis or alternative methods such as cell or tissue culture.  To date, research has 

shown that capsaicinoids, and capsaicin in particular, have a wide variety of 

biological and physiological activities which provide them functions such as 

antioxidants, anticarcinogenics, promotion of energy metabolism and suppression of 

fat accumulation, and anti-inflammatories.  Capsaicin is used in topical therapy for a 

variety of disorders such as rheumatism, lumbago and sciatica.  However, the 

potential applications of these molecules are limited by the irritation caused by their 

pungency; this has driven the search for and characterization of analogous molecules 
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without inherent and undesirable effects.  In addition, it has very poor aqueous 

solubility resulting in difficulties in the design of pharmaceutical formulation. 

 

 
 

Figure 2.7 Chemical structures of different capsaicinoids and their analogues 

Source: Reyes-Escogido and others, "Chemical and Pharmacological Aspects of 

Capsaicin," Molecules 16, 2 (2011): 1253-1270. 

 

Molecular formula:   C18H27NO3 

Molecular weight:   305.4 Da 

CAS-No.:    404-86-4 

Capsaicin is a fat soluble, odorless, pungent tasting, off-white solid with a 

melting point of 62-65 degree celcius.  As it is not water soluble, alcohols and other 

organic solvents are used to solubilize capsaicin in topical preparations and sprays.  A 

taste based pungency scale called the Scoville scale is used to rank the hotness of 

chilli peppers.  Using this scale, capsicum (or bell pepper) rates 0-100 Scoville units; 
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a habanero pepper, 2,000,000-3,000,000 Scoville units; and pure capsaicin 16 million 

Scoville units [22, 23, 24, 25]. 

2.5.1 Mechanism of action  

The mechanism of action of capsaicin and other vanilloids has 

been extensively studied over the past decade.  Nearly 20 years ago, it was 

demonstrated that capsaicin release substance P from afferent nociceptive neurons.  

Capsaicin activates afferent nociceptive neurons and evokes sensations ranging from 

hotness to burning.  Its analgesic properties are mediated by depletion of substance P 

that leads to the desensitization of small afferent sensory neurons. 

Capsaicin and other vanilloids bind to a specific nerve 

membrane receptor, the Transient Receptor Potential V1 receptor.  The TRP receptors 

also respond to temperature, acidosis, painful stimuli, and osmolarity.  Capsaicin, 

protons, heat (>43 °C) and endogenous lipid compounds, termed endovanilloids, 

activate it either directly or indirectly. TRPV1 has a central role in thermal 

nociception and inflammatory hyperalgesia. 

TRPV1 is a ligand gated nonselective cation channel located 

predominantly on small fiber nociceptive neurons.  The receptor is coupled to a non-

specific membrane cation channel that is permeable to calcium and sodium ions.  The 

binding of capsaicin to TRPV1 receptor in small fiber sensory afferent nerve endings 

activates the receptor and this leads to an influx of calcium and the release of 

inflammatory neuropeptides.  This mediates the pungent properties of capsaicin and 

limits its tolerability.  Following the receptor activation these neurons are functionally 

desensititised to further painful stimuli and this leads to analgesia. In addition there 

may be degeneration of nociceptive fibers [22]. 

2.6 Cocamide DEA 

Nonionic surfactants are surface active agents which do not dissociate into 

ions in aqueous solutions, unlike anionic surfactants which have a negative charge 

and cationic surfactants which have a positive charge in aqueous solution.  Nonionic 
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surfactants are more widely used as detergents than ionic surfactants because anionic 

surfactants are insoluble in many hard water and cationic surfactants are considered to 

be poor cleaners.  In addition to detergency, nonionic surfactants show excellent 

solvency, low foam properties and chemical stability.  It is thought that nonionic 

surfactants are mild on the skin even at high loadings and long-term exposure.  The 

hydrophilic group of nonionic surfactants is a polymerized alkene oxide (water 

soluble polyether with 10 to 100 units length typically).  They are prepared by 

polymerization of ethylene oxide, propylene oxide, and butylene oxide in the same 

molecule.  Depending on the ratio and order of oxide addition, together with the 

number of carbon atoms which vary the chemical and physical properties, nonionic 

surfactant is used as a wetting agent, a detergent, or an emulsifier.  Nonionic 

surfactants include alcohol ethoxylates, alkylphenol ethoxylates, phenol ethoxylates, 

amide ethoxylates, glyceride ethoxylates (soya bean oil and caster oil ethoxylates), 

fatty acid ethoxylates and fatty amine ethoxylates.  Another commercially significant 

nonionic surfactants are the alkyl glycosides in which the hydrophilic groups are 

sugars (polysaccharides). 

 

Figure 2.8 Chemical structures of cocamide DEA 

Source: IARC monographs. Coconut oil diethanolamine condensate. Accessed May 

7. Available from 

http://monographs.iarc.fr/ENG/Monographs/vol101/mono101-005.pdf 
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Cocamide is an amide mixture of coconut fatty acids.  Cocamides are 

manufactured by condensation of alkanolamines (mono-, di-, or triethanolamine) and 

coconut fatty acid.  Examples are cocamide MEA (cocamide monoethanolamine), 

cocamide DEA (cocamide diethanolamine) and cocamide TEA (cocamide 

triethanolamine).  Appearance is a yellow liquid-solid product with a typical inherent 

odour with the pH (1%) 8-10.  They have the physical and chemical characteristics of 

alcohols, amines and long carbon chains in one molecule.  Alkanolamides are 

nonionic surfactants impart excellent viscosity enhancing and foam stabilization in 

anionic based systems like hand washing liquids, shampoos, body cleansers and other 

personal care products.  They act as lubricant agent, thickening agent and wetting 

agent.  Their very good emulsifying property also provides applications in the field of 

pharmaceuticals, agricultural preparations, and textile processing; rust inhibiting, 

latex stabilizing, anti-static function in textiles, dye-leveling, waterproofing and 

water-in-oil additives as well as very good emulsifying. 
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3.1 Materials 

3.1.1 Capsaicin synthetic 98% (Hunan Huacheng Biotech, Inc, 

China) 

3.1.2 Isopropyl myristate (Palm-Oleo Klang Sdn Bhd (KLK Oleo), 

Malaysia) 

3.1.3 Cocamide DEA (Comperlan® KD) (Basf, Thailand) 

3.1.4 Ethanol (Commercial Alcohols Inc., Canada) 

3.1.5 Reverse osmosis (RO) water 

3.1.6 Methanol HPLC grade (Scharlau, Spain) 

3.1.7 Glacial acetic acid (RCI Labscan, Thailand) 

3.1.8 Acetronitrile HPLC grade (Thomas Baker, India) 

3.1.9 Water HPLC grade (RCI Labscan, Thailand) 

3.1.10 Monobasic potassium phosphate (KH2PO4) (Ajax Finechem, 

Australia) 

3.1.11 Dibasic potassium phosphate (K2HPO4) (Ajax Finechem, 

Australia) 

3.1.12 Sodium hydroxide, pellets (NaOH) (Ajax Finechem, Australia) 

3.1.13 Female mice (6-8 weeks) (National laboratory animal center, 

Mahidol University) 

3.2 Equipment 

3.2.1 pH meter (Metler Toledo, Sevencompact S220)  

3.2.2 Electrical conductivity meter (Metler Toledo, Sevencompact 

S230) 

3.2.3 Zetasizer Nano ZS (Malvern Instruments, Malvern, UK)  

3.2.4 Franz diffusion cell 

3.2.5 Ultra-Performance Liquid chromatrography (UPLC) 

(WATERS®, USA) 

3.2.6 Micropipette (2-20 l, 20-200 l, 100-1000 l, 1-5 ml) and 

micropipette tip 
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3.2.7 Microcentifuge tube (Eppendorf®, Corning Incorporated, NY, 

USA) 

3.2.8 Filter set and filter membrane 0.22μm 

3.2.9 Magnetic stirrer (Framo, Germany) and Magnetic bar 

3.2.10 Analytical balance (Sartorious CP224S and CP3202S, 

Thailand) 

3.2.11 Analytical balance (Metler Toledo XS-105DU, Thailand) 

3.2.12 Vortex mixer (Labnet, USA) 

3.2.13 Thermo-regulated water bath (WiseCircu) 

3.3 Methods 

3.3.1 Preparation of microemulsion formulations 

3.3.1.1 Screening of surfactant and co-surfactant for 

microemulsions 

In order to find out the appropriate pseudo-ternary 

phase diagram having the largest of microemulsion area, the pseudo-ternary phase 

diagram with the various surfactant and co-surfactant was performed.  Pseudo-ternary 

phase diagrams were constructed using the water titration method at ambient 

temperature to obtain the concentration range of the components for microemulsions. 

For screening of surfactant, the microemulsion system 

was composed of IPM as oil phase, decyl glucoside (Plantacare® 2000), PEG-7 

glycerol cocoate (Cetiol® HE), cocamide DEA (Comperlan® KD) as surfactant, 

propylene glycol as co-surfactant and RO water as water phase.  The surfactant/co-

surfactant weight ratio is 1:1.  The criteria for selection of pseudo-ternary phase 

diagram were the largest microemulsion area. 

After choosing the surfactant, the co-surfactant having 

the largest area of microemulsions was screened.  The microemulsion system was 

composed of IPM as oil phase, cocamide DEA (Comperlan® KD) as surfactant, 

propylene glycol, ethanol, polyethylene glycol 400 (PEG 400) and PEG-7 glycerol 
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cocoate (Cetiol® HE) as co-surfactant and RO water as water phase.  The 

surfactant/co-surfactant weight ratio was 1:1.  The criteria for choosing the 

appropriate pseudo-ternary phase diagram were the largest area of microemulsions. 

3.3.1.2 Construction of pseudo-ternary phase diagrams 
Pseudo-ternary phase diagrams were constructed using 

the water titration method at ambient temperature.  In this research, the 

microemulsion system composed of IPM as oil phase, cocamide DEA (Comperlan® 

KD) as surfactant, ethanol as co-surfactant and water as water phase was selected.  

The surfactant/co-surfactant weight ratio was 1:1, 2:1, 3:1 and 4:1, respectively.  For 

each phase diagram, the mixtures of oil and surfactant/co-surfactant were prepared at 

weight ratios of 5:95, 10:90, 20:80, 30:70, 40:60, 50:50, 60:40, 70:30, 80:20, 90:10, 

respectively.  Water was added drop by drop, under gentle magnetic stirring, to each 

oily mixture.  After being equilibrated, the mixtures were assessed visually and 

determined as being microemulsions. 

After the microemulsion regions in the phase diagram 

were identified, the microemulsion vehicles were selected from the pseudo-ternary 

phase diagram having the largest area of microemulsion region.  After that the 

microemulsion vehicles were prepared in order to use in the preparation of 

microemulsions containing capsaicin and to study the effect of oil, mixture of 

surfactant and water ratios on the characteristic of microemulsions. 

3.3.1.3 Drug solubility studies 

The excess amount of the capsaicin was added in 

microemulsion formulations, IPM, surfactant mixture or water.  The samples were 

continuously shaken for 48 h at 25±2°C.  Then the microemulsions were centrifuged 

(14000 rpm, 30 min) to remove undissolved drug.  The supernatants were collected, 

diluted with methanol, and capsaicin concentration was determined by UPLC at 

wavelength 280 nm. 
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3.3.1.4 Preparation of capsaicin-loaded microemulsions 

According to the microemulsion regions in the pseudo-

ternary phase diagrams, the potentially formulations having a good physicochemical 

properties and stability were selected.  The criteria for choosing the formulations were 

the particle size within 10-140 nm and the sign of phase separation.  Microemulsion 

formulations were prepared by mixing surfactant mixture, IPM and water by weight 

ratio using magnetic stirrer at ambient temperature.  Capsaicin was accurately 

weighed and adjusted to weight with the microemulsion formulations, following by 

stirring with magnetic stirrer at ambient temperature.  Drug content was determined 

by ultra-performance liquid chromatography (UPLC).  The % loading efficiency and 

loading capacity of capsaicin-loaded microemulsions were calculated as equations 

given below. 

 

 

3.3.2 Microemulsions characterization 

The characteristics of microemulsion system both before and 

after loading with capsaicin were studied as followed; 

3.3.2.1 pH measurement 

The pH was determined using pH meter (Metler Toledo, 

Sevencompact S220) at temperature 24-26°C.  The measurements were performed in 

triplicate. 

 

 

 

% 
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3.3.2.2 Electrical conductivity measurement 

The electrical conductivity of the microemulsion 

formulations was determined by using conductivity meter (Metler Toledo, 

Sevencompact S230) at 25ºC.  The measurements were performed in triplicate. 

3.3.2.3 The average droplet sizes measurement 

The average droplet sizes and polydispersity index were 

determined by dynamic light scattering (DLS) (Zetasizer Nano ZS, Malvern, UK) 

using a helium-neon gas laser with beam wavelength 632.8 nm.  Microemulsion was 

loaded into 1 cm3 disposable zeta cell.  Measurement angles were monitored at 12.8° 

and 175° and fixed temperature at 25 °C. 

3.3.3 In vitro Skin permeation studies 

The permeability of capsaicin from microemulsion 

formulations (ME1-ME11), commercial product and control (0.15%w/w capsaicin in 

IPM) were determined by using Franz diffusion cell.  The model skins were obtained 

from female mice (age 6-8 weeks).  The protocols used to generate animal 

experimental data were approved by the ethics committee for the use of laboratory 

animals, Faculty of Pharmacy, Silpakorn University (Protocol Number: 001/2014).  

After hair was removed carefully with a razor, approximately 2.5 cm X 2.5 cm patch 

of skin was excised from the abdomen region.  The subcutaneous fat and other 

extraneous tissues were trimmed.  Then the skins were washed with phosphate buffer 

pH 7.4 and stored at -10°C prior to use.  After thawing, the skins were mounted on the 

receptor compartment with the stratum corneum side facing upwards into the donor 

compartment and the other side facing downwards into the receptor compartment of 

the Franz diffusion cell (approximately 6.0 mL volume and 2.3 cm2 effective 

diffusion areas) with a water jacket connected to a water bath at 32°C.  The donor cell 

was filled with approximately 2 grams of capsaicin-loaded microemulsions and 

occluded by paraffin.  The receptor compartment was filled with alcoholic phosphate 

buffer (1:1) pH 7.4.  After the capsaicin-loaded microemulsions were applied on the 

skin surface, 0.7 ml of receptor medium was collected at 30 min, 1, 2, 3, 4, 5, 6, 7, 8 h 
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and replaced immediately with an equal volume of alcoholic phosphate buffer pH 7.4.  

The samples were stored at 4°C until analysis.  The samples were analyzed by UPLC.  

The skin permeation studies were conducted in three replicates per formulations.  The 

skin permeation parameters; flux, lag time and enhancement ratio were calculated.  

The cumulative amount of capsaicin was plotted against time.  The flux was 

determined as the slope of linear portion of the plot. 

3.3.4 Stability evaluation 

3.3.4.1 Accelerated stability 

Three microemulsion formulations that have a good 

permeation studies, commercial product and control (capsaicin in ethanol) were stored 

at temperature 40±2°C / 65±5%RH [26] for 3 months.  The samples were filled in the 

glass bottles with plastic cap.  Both the chemical and physical stability of the 

capsaicin such as capsaicin content, appearance, pH, electrical conductivity, particle 

size and size distribution were evaluated.  The clarity, phase separation were assessed 

by visual inspection.  The particle size and size distribution were determined on 

initial, 1, 2 and 3 months.  The capsaicin concentration that remained in 

microemulsion formulations were determined by UPLC on initial, 1, 2 and 3 months. 

3.3.4.2 Photostability 

The best microemulsion formulations that have a good 

permeation studies, commercial product and control (capsaicin in ethanol) were 

studies.  The samples were filled in the glass bottles with plastic cap and stored in the 

cabinet.  The bottom of glass bottles was put upward.  The samples were exposed to 

the light source having the output similar to the D65/ID65 emission standard as 

defined in ICH guideline (ICH Q1B Stability testing: Photostability testing of new 

drug substances and products) [27].  The capsaicin concentration that remained in the 

formulation was determined by UPLC. 
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3.3.5 Capsaicin analysis by ultra-performance liquid 

chromatography (UPLC) 

The capsaicin concentration was analyzed by UPLC.  All 

samples were stored at 4 ºC until analysis.  The UPLC system was composed of a 

ACQUITY UPLC Core system (Waters Corporation, Milford, USA) binary solvent 

management and 2 switching solvent/DEGAS/ACQUITY TUV Detector and column 

heater.  The UPLC column was ACQUITY UPLC BEC C18 analytical column, 2.1 

mm x 100 mm, 1.7 μm (Waters®). 

3.3.5.1 Chromatographic condition 

Mobile phase :  Acetronitrile : 1% Acetic acid  

    (40:60 v/v) 

Flow rate  : 0.3 ml/min 

Injection volume : 2.0 μl 

UV detector  : 280 nm 

Column temperature : 30 ºC 

Sample temperature : 25 °C 

Run time  : 10 minutes 

Table 3.1 Concentration gradient used for UPLC analysis 

Time (min) Acetronitrile 1% Acetic acid Curve 

0.00 40.0 60.0  

5.00 40.0 60.0 6 

9.00 60.0 40.0 6 

9.50 40.0 60.0 6 

 

 

 

 



47 

3.3.5.2 Capsaicin content analysis for drug content 

Standard preparation 

25 mg of capsaicin was accurately weighed, and put 

into a 50 ml volumetric flask.  Methanol was put to mix and dilute to volume.  Then 6 

ml of the mixture was pipetted to a 25 ml volumetric flask, and methanol was put to 

mix and dilute to volume. 

Sample preparation 

The samples were left until reached to the ambient 

temperature.  Then 2 ml of samples were transferred to a 25 ml volumetric flask, and 

were diluted with methanol to volume.  The samples were filtered through 0.22 μm 

nylon filter, and then analyzed by UPLC. 

3.3.5.3 Capsaicin content analysis for drug solubility and 

stability studies 

Standard curve preparation 

50 mg of capsaicin was dissolved in 50 ml methanol.  

The stock solution concentration was 1 mg/ml of capsaicin.  The stock solution was 

diluted with methanol to concentration 0.005, 0.01, 0.03, 0.06, 0.08, 0.1, 0.12 and 

0.16 mg/ml, respectively. 

Sample preparation 

The samples are left until reached to the ambient 

temperature.  Then 3 mg of capsaicin was weighed and transferred to a 25 ml 

volumetric flask, and methanol was used to mix and diluted to volume.  The samples 

were filtered through 0.22 μm nylon filter, and then analyzed by UPLC. 
 

3.3.5.4 Capsaicin content analysis for skin permeation 

studies 
 

Standard curve preparation 

25 mg of capsaicin was dissolved in 100 ml methanol.  

The stock solution concentration was 250 μg/ml of capsaicin. The stock solution was 
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diluted with methanol to concentration 1.0, 3.0, 5.0, 10.0, 20.0 and 30.0 μg/ml, 

respectively. 

Sample preparation 

The samples were left until reached to the ambient 

temperature.  The samples were filtered through 0.22 μm nylon filter, then analyze by 

UPLC. 

3.3.6 Data analysis 

All experimental measurements were triplicate performed.  

Result values were expressed as mean value  standard deviation (SD).  Statistical 

significance of differences between microemulsion formulations were examined by 

using analysis of variance (ANOVA), followed by a least significant difference (LSD) 

post hoc test.  The value of p<0.05 was considered statistically significant. 
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4.1 Preparation of microemulsion formulations 

4.1.1 Screening of surfactant and co-surfactant for 

microemulsions 

Pseudo-ternary phase diagrams were constructed using the 

water titration method at ambient temperature.  In order to find out the appropriate 

pseudo-ternary phase diagram, various surfactants and co-surfactants were studied. 

For screening of surfactant, the microemulsion system 

composed of IPM as oil phase, propylene glycol (PG) as co-surfactant and RO water 

as water phase with different surfactants was performed.  The surfactant/co-surfactant 

weight ratio was 1:1.  The surfactant chosen for this study was Decyl glucoside 

(Plantacare® 2000), PEG-7 glycerol cocoate (Cetiol® HE) and cocamide DEA 

(Comperlan® KD).  The results are shown in Figure 4.1-4.3.  The shed area of the 

pseudo-ternary phase diagram indicated microemulsion region while the outside area 

referred to the crude emulsion regions. 

 

Figure 4.1 Pseudo-ternary phase diagram of isopropyl myristate (IPM), decyl 

glucoside (Plantacare® 2000): propylene glycol (1:1) and RO water 
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Figure 4.2 Pseudo-ternary phase diagram of isopropyl myristate (IPM), PEG-7 

glycerol cocoate (Cetiol® HE): propylene glycol (1:1) and RO water 

 

Figure 4.3 Pseudo-ternary phase diagram of isopropyl myristate (IPM), cocamide 

DEA (Comperlan® KD): propylene glycol (1:1) and RO water 
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At the surfactant/co-surfactant weight ratio 1:1, the largest 

microemulsion area was observed in the system composed of cocamide DEA 

(Comperlan® KD): propylene glycol (Figure 4.3).  The microemulsion area decreased 

when the surfactant of the system was PEG-7 glycerol cocoate (Cetiol® HE) (Figure 

4.2) and decyl glucoside (Plantacare® 2000) (Figure 4.1), respectively.  The 

microemulsion system composed of cocamide DEA (Comperlan® KD) was selected 

for surfactant in this study. 
 

For screening of co-surfactant, the microemulsion system 

composed of IPM as oil phase, cocamide DEA (Comperlan® KD) as surfactant and 

RO water as water phase with the different co-surfactant was studied.  The co-

surfactant chosen for this studies was propylene glycol (PG), ethanol, polyethylene 

glycol 400 (PEG 400) and PEG-7 glycerol cocoate (Cetiol® HE).  The surfactant/co-

surfactant weight ratio was 1:1.  The results are shown in Figure 4.3-4.6.  The shed 

area of the pseudo-ternary phase diagram indicated microemulsion region while the 

outside area referred to the crude emulsion regions. 
 

 

Figure 4.4 Pseudo-ternary phase diagram of isopropyl myristate (IPM), cocamide 

DEA (Comperlan® KD): Ethanol (1:1) and RO water 
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Figure 4.5 Pseudo-ternary phase diagram of isopropyl myristate (IPM), cocamide 

DEA (Comperlan® KD): polyethylene glycol 400 (PEG 400) (1:1) and 

RO water 

 

 

Figure 4.6 Pseudo-ternary phase diagram of isopropyl myristate (IPM), cocamide 

DEA (Comperlan® KD): PEG-7 glycerol cocoate (Cetiol® HE) (1:1) and 

RO water 
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At the surfactant/co-surfactant weight ratio 1:1, the largest 

microemulsion area was observed in the system composed of cocamide DEA 

(Comperlan® KD): ethanol (Figure 4.4).  The microemulsion area decreased when the 

co-surfactant of the system was PEG-7 glycerol cocoate (Cetiol® HE) (Figure 4.6), 

propylene glycol (PG) (Figure 4.3) and polyethylene glycol 400 (PEG 400) (Figure 

4.5), respectively.  The previous studies reported that short chain alcohol could 

decrease interfacial tension between oil and water and adjust the flexibility of 

interfacial membrane, so ethanol was incorporated as co-surfactant for pseudo-ternary 

phase diagrams in this study [8, 28].  The microemulsion system composed of 

cocamide DEA (Comperlan® KD): ethanol was selected for further study. 

4.1.2 Construction of pseudo-ternary phase diagrams 

The construction of pseudo-ternary phase diagrams was used to 

determine the concentration range of components in the existence range of 

microemulsions.  In this study, the pseudo-ternary phase diagrams composed of IPM 

as oil phase, cocamide DEA (comperlan KD®) as surfactant, ethanol as co-surfactant 

and RO water as water phase was assessed.  The surfactant/co-surfactant (S/Co-S) 

was prepared at weight ratios of 1:1, 2:1, 3:1 and 4:1, respectively.  RO water was 

added drop-wise to the surfactant/oil mixtures using the water titration method.  The 

microemulsion ranges are illustrated in Figure 4.7. 
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Figure 4.7 Pseudo-ternary phase diagram of isopropyl myristate (IPM), cocamide 

DEA (Comperlan® KD): Ethanol and RO water 

(a) cocamide DEA (Comperlan® KD): Ethanol at ratio 1:1 

(b) cocamide DEA (Comperlan® KD): Ethanol at ratio 2:1 

(c) cocamide DEA (Comperlan® KD): Ethanol at ratio 3:1 

(d) cocamide DEA (Comperlan® KD): Ethanol at ratio 4:1 
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With the proper ratio of the oil, surfactant mixture and water, 

system changed to transparent microemulsions, and the rest of the regions represented 

the turbid and conventional emulsions based on visual inspection.  The microemulsion 

regions were approximately 35-45% of the phase diagrams.  As S/Co-S increased, the 

area of the microemulsions became enlarged, reaching a maximum at S/Co-S ratio of 

3:1.  The microemulsion vehicles, which S/Co-S ratio 3:1, were selected for further 

study.  The potentially formulations that have the particle size within 10-140 nm and 

no sign of phase separation (left at the ambient temperature for 1 month) were 
prepared at different component ratio as shown in the table 4.1. 

Table 4.1 Microemulsion formulations 

Formulation No. 
Ratio 

Oil Mixture of 
surfactant Water 

ME1 40 50 10 
ME2 30 50 20 
ME3 20 50 30 
ME4 10 50 40 
ME5 20 45 35 
ME6 20 55 25 
ME7 20 65 15 
ME8 20 70 10 
ME9 30 60 10 
ME10 50 40 10 
ME11 60 30 10 

 

The microemulsions formulations were prepared to study the 

effect of oil, surfactant mixture and water ratios on the characteristic of 

microemulsion vehicles and in vitro skin permeation.  The surfactant mixture at 

50%w/w was used in the formulation ME1-ME4. The IPM at 20%w/w was utilized in 

formulation ME3, ME5-ME8, and the water at 10%w/w was performed in 

formulation ME1, ME8-ME11. 
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4.1.3 Drug solubility studies 

The capsaicin content in capsaicin-loaded microemulsion 

formulations was between 73.42 and 129.60 mg/ml as shown in Table 4.2.  For the 

formulation ME1-ME4, the capsaicin solubility increased when the amount of oil was 

increased and the amount of water was decreased.  For the formulation ME3 and 

ME5-ME8, the capsaicin solubility increased when the amount of surfactant mixture 

was increased and the amount of water was decreased.  For the formulation ME1 and 

ME8-ME11, the capsaicin solubility increased when the amount of surfactant mixture 

was increased and the amount of oil was decreased as shown in Figure 4.8-4.9.  The 

solubility of capsaicin in the surfactant mixture (3:1) was more than that in IPM (oil), 

however the solubility of capsaicin in water is very low. The results suggest that the 

surfactant mixture (cocamide DEA:ethanol (3:1)) significantly affected the capsaicin 

solubility more than the IPM (oil) and water in microemulsion formulations.  The 

capsaicin solubility increased by increasing the surfactant mixture, decreasing the oil 

phase and the water phase. 
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Table 4.2 Solubility of capsaicin in microemulsion formulations, oil (IPM), Surfactant 

mixture (cocamide DEA:ethanol (3:1)) or water. 

Formulation 

No. 

Ratio 
Solubility of capsaicin  

± SD 

Oil 
Surfactant 

mixture 
Water mg/ml 

ME1 40 50 10 110.38±6.08 

ME2 30 50 20 105.88±5.55 

ME3 20 50 30 90.30±3.70 

ME4 10 50 40 73.42±4.81 

ME5 20 45 35 80.80±3.97 

ME6 20 55 25 105.11±3.76 

ME7 20 65 15 129.60±5.94 

ME8 20 70 10 127.93±0.87 

ME9 30 60 10 129.26±1.84 

ME10 50 40 10 103.58±5.89 

ME11 60 30 10 91.02±5.45 

Oil - 10.13±0.27 

Surfactant 

mixture (3:1) 

- 
133.37±0.55 

Water - 0.04±0.001 
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Figure 4.8 Solubility of capsaicin (mg/ml) in microemulsion formulations (ME1–

ME11), oil (IPM), Surfactant mixture (cocamide DEA:ethanol (3:1)) or 

water. 
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Figure 4.9 Solubility of capsaicin (mg/ml) of microemulsion formulations 

(a) %water and %surfactant mixture (b) %oil and %water  

(c) %oil and %surfactant mixture 

 

(c) 

(b) 

(a) 
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4.1.4 Preparation of capsaicin-loaded microemulsions 

0.15%w/w capsaicin-loaded microemulsions were compared 

with the commercial product containing 0.15%w/w of capsaicin (Capsaicin No-Fuss 

Applicator, Walgreen, USA).  According to the microemulsion regions in the pseudo-

ternary phase diagrams which S/Co-S ratio 3:1, 0.15%w/w capsaicin-loaded 

microemulsion formulations were prepared at different component ratio as shown in 

the Table 4.1.  Drug content was determined by ultra-performance liquid 

chromatography (UPLC).  The % loading efficiency and loading capacity (mg/g) of 

capsaicin-loaded microemulsions were calculated as shown in Table 4.3.  The % 

loading efficiency of capsaicin-loading microemulsion formulations was between 

92.87-107.32 % and loading capacity of capsaicin-loading microemulsion 

formulations was between 1.4924-1.6925 mg/g.  For the formulation ME1-ME4, the 

% loading efficiency and loading capacity increased when the amount of oil was 

decreased and the amount of water was increased.  For the formulation ME3 and 

ME5-ME8, the % loading efficiency and loading capacity decreased when the amount 

of surfactant mixture was increased and the amount of water was decreased.  For the 

formulation ME1 and ME8-ME11, the % loading efficiency and loading capacity 

decreased when the amount of surfactant mixture was decreased and the amount of oil 

was increased. 
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Table 4.3 % loading efficiency and loading capacity (mg/g) of 0.15%w/w capsaicin-

loaded microemulsion formulations 

Formulation No. 
Capsaicin content ± SD 

%Loading efficiency Loading capacity (mg/g) 

ME1 98.83±0.13 1.5470±0.0021 

ME2 103.39±0.30 1.5974±0.0047 

ME3 105.84±0.90 1.6059±0.0137 

ME4 107.32±0.20 1.6925±0.0032 

ME5 102.78±0.44 1.5548±0.0067 

ME6 100.76±1.43 1.5449±0.0220 

ME7 99.20±0.17 1.5158±0.0026 

ME8 96.47±0.77 1.5058±0.0120 

ME9 97.80±0.63 1.5206±0.0098 

ME10 93.15±0.64 1.4924±0.0103 

ME11 92.87±0.06 1.4925±0.0010 
 

4.2 Microemulsions characterization 

The characteristics of microemulsion system both before and after loading 

with 0.15 %w/w capsaicin were studied as follows; 

4.2.1 pH measurement 

The pH of microemulsion system before loading capsaicin was 

9.84-10.48.  The pH of 0.15%w/w capsaicin-loaded microemulsions were 9.83-10.42 

(Table 4.4).  After capsaicin was loaded into microemulsion formulations, the pH of 

the microemulsions slightly decreased.  Moreover, the pH of the formulations tended 

to increase when either the surfactant mixture increased, or oil and water decreased. 
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4.2.2 Electrical conductivity measurement 

The electrical conductivity of the microemulsion formulations 

before loading capsaicin was in the range between 19.52 and 270.7 μS/cm, and after 

loading capsaicin was in the range between 18.44-288.3 μS/cm (Table 4.4).  From the 

previous study, the water in oil microemulsions represents very low specific 

conductivity (10-9–10-7 Ω-1cm-1) [29].  In our study, the electrical conductivity of all 

the formulations was more than 10-7 Ω-1cm-1 (0.1 μS/cm), therefore all the 

formulations were o/w microemulsions.  Capsaicin-loaded into microemulsions 

slightly affect the conductivity of the formulations.  The conductivity of 

microemulsion formulations significantly increased, as the water amount increased.  

Compared in the microemulsion formulations with constant water composition, when 

the oil amount increased, the conductivity significantly decreased (Figure 4.10-4.11). 
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Figure 4.10 Conductivity of blank microemulsions (■) and 0.15%w/w of capsaicin-

loaded microemulsions (□) 

(a) surfactant mixture at 50%w/w: formulation ME1-ME4 

(b) oil at 20%w/w: formulation ME3, ME5-ME8 

(c) water at 10%w/w: formulation ME1, ME8-ME11 

(a) 

(b) 

(c) 
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Figure 4.11 Conductivity of blank microemulsion formulations 

(a) % oil and % surfactant mixture    (b) % water and % surfactant mixture 

(c) % oil and % water 

 

(a) 

(b) 

(c) 
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4.2.3 The average droplet sizes measurement 

The average droplet size and polydispersity index of droplets in 

the microemulsion formulations were characterized by DLS.  The droplet sizes of the 

microemulsion formulations, both before (14.77-22.60 nm) and after loaded 

0.15%w/w capsaicin (13.81-26.20 nm), were in the nano-size range (Figure 4.12-

4.13).  In the previous study showed that a small droplet sizes provided increase 

stability against sedimentation, flocculation and coalescence [30].  The 0.15%w/w 

capsaicin loaded microemulsion formulation did not significantly influence on the 

droplet size of microemulsions.  The polydispersity value described the homogeneity 

of the droplet size, because the value was less than 0.5.  The polydispersity values of 

microemulsion formulations, before and after loading 0.15%w/w capsaicin, were 

0.080-0.468.  All polydispersity values were smaller than 0.5, indicating that the 

droplet size had high homogeneity [31]. 
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Figure 4.12 Particle sizes of blank microemulsions (■) and 0.15%w/w of capsaicin-

loaded microemulsions (□) 

(a) surfactant mixture at 50%w/w: formulation ME1-ME4 

(b) oil at 20%w/w: formulation ME3, ME5-ME8 

(c) water at 10%w/w: formulation ME1, ME8-ME11 

(a) 

(b) 

(c) 
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Figure 4.13 Particle sizes of blank microemulsion formulations 

(a) % oil and % surfactant mixture    (b) % water and % surfactant mixture 

(c) % oil and % water 

 

 

(a) 

(b) 

(c) 
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4.3 In vitro skin permeation studies 

The skin permeation profiles of all microemulsion formulations (ME1-ME11), 

commercial product and control (0.15%w/w of capsaicin in IPM) are shown in Figure 

4.14.  The skin permeation parameters; flux, lag time and enhancement ratio are 

shown in Table 4.5.  The capsaicin loaded microemulsions composed of isopropyl 

myristate (IPM), cocamide DEA (comperlan® KD)/ethanol (3:1) and water were used 

to study in vitro skin permeation through mice skin.  The flux of microemulsion 

formulations ranged from 1.64±0.12 to 5.41±0.81 μg/cm2/h and lag time ranged from 

0.59±0.06 to 1.48 ± 0.07 h indicating that the permeation parameters of capsaicin 

from microemulsions were markedly influenced by the microemulsion compositions.  

The flux of all microemulsion formulations and commercial product were 1.26 to 4.16 

folds when compared with the control.  The possible mechanisms of microemulsions 

for transdermal delivery have been discussed in the literature.  Firstly, high-drug 

loading capacity of microemulsions can provide higher concentration gradient and 

thus increasing the driving force across the skin.  Secondly, the penetration enhancing 

effect of the microemulsions components.  Thirdly, the microemulsion components 

can enter the skin, therefore the solubility of the drug in the skin is increased.  This 

process will increase the partitioning of the drug into the skin creating high-drug 

concentration within the upper layers of the skin and thus high-driving force for 

transdermal drug delivery.  Fourthly, the direct drug transfer from the microemulsions 

droplet to the stratum corneum.  The presence of the drug in the microstructure of the 

microemulsions, which has a very small droplet size, will give large surface area for 

drug transfer to the skin.  Fifthly, the microemulsions having very low-interfacial 

tension will allow for excellent contact with the skin surface that should enhance the 

vehicle skin drug transfer.  Finally, supersaturation process increases the 

thermodynamic activity and the driving force for the transdermal drug transfer.  Due 

to phase transition upon dilution with aqueous phase or evaporation of any volatile 

constituents, this can influence the drug loading with the possibility of formation of 

supersaturated systems [5, 6, 21]. 

According to the electrical conductivity, all of the microemulsion formulations 

(ME1-ME11) were o/w microemulsions. The previous study showed that the 
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microstructure of the microemulsions influenced drug permeation.  The permeation 

increased in an order of microstructures as follows: w/o < bi-continuous < o/w.  The 

hydrophobic drug such as testosterone, lidocaine, ketoprofen and theophylline had the 

flux increased when increasing water content of the microemulsions.  The flux 

increased due to a higher thermodynamic activity of the drug and increased skin 

hydration [8, 30, 32]. 

In the formulations ME1-ME4, the skin permeation flux was the highest at the 

formulation ME1 and tended to increase as the content of oil increased.  The flux was 

significantly increased about 1.5 times while the amount of IPM increased from 10% 

to 40%.  Transdermal process was a passive diffusion process which can be affected 

by transdermal permeation enhancer.  IPM was an effective penetration enhancer, 

which can enhance skin permeation by acting as a fluidizer of intercellular lipids, and 

also affect the lipid-rich phase in the stratum corneum, thereby reducing its barrier 

function [8, 10]. 

In the formulations ME3, ME5-ME8, the skin permeation flux tended to 

increase as amount of water increased, and amount the surfactant mixture decreased.  

The flux was significantly increased approximately 3 times while the amount of 

surfactant mixture decreased from 70% to 45%, and the amount of water increased 

from 10% to 35%.  Capsaicin was an insoluble drug in water, but soluble in this 

surfactant/co-surfactant mixture.  The thermodynamic activity of drug in 

microemulsions at the lower content of surfactant mixture was a significant driving 

force for the permeation of drug through the skin.  The percutaneous absorption of 

drug will also increase due to hydration effect of the stratum corneum [8, 10, 21, 30].  

In the formulations ME1, ME8-ME11, the skin permeation flux increased as 

the oil phase increased and the surfactant mixture decreased.  The flux was 

significantly increased approximately 3.3 times while the amount of oil increased 

from 20% to 60% and the surfactant mixture decreased from 70% to 30%. Our results 

were in agreement with the previous study that decreasing the amount of surfactant 

increased the skin permeation flux of the drug, due to an increasing thermodynamic 

activity of the drug in the microemulsions.  Moreover, the surfactant and co-surfactant 
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in the microemulsions may reduce the diffusional barrier of the stratum corneum by 

acting as permeation enhancers [8, 10, 30]. 

The flux of ME1, ME5, ME9, ME10 and ME11 were higher than commercial 

product (the commercial product composition contained carbomer, glycerin, 

propylene glycol, alcohol, triethanolamine and water).  The formulation ME11 

showed the highest skin permeation flux.  As the capsaicin solubility in IPM was 

lower than in the surfactant mixture, and surfactant mixture even at the low 

concentration had a higher driving force to permeate drug through the skin compared 

with IPM.  Therefore, the increased content of surfactant in microemulsions might 

decrease the skin permeation of drug [8, 10].  The content of surfactant mixture, IPM 

and water had no effect on lag time of the microemulsion formulations (Figure 4.17). 
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Table 4.5 Skin permeation flux, lag time and enhancement ratio (ER) of 0.15%w/w 

capsaicin-loaded microemulsions, commercial product and control. 

Formulation 

No. 

Flux 

(μg/cm2/h ± SD) 

Lag time 

(h ± SD) 

ER 

(folds) 

ME1 4.02 ± 0.45 0.73 ± 0.09 3.09 

ME2 2.38 ± 0.32 1.25 ± 0.16 1.83 

ME3 2.28 ± 0.19 1.38 ± 0.04 1.75 

ME4 2.67 ± 0.12 1.04 ± 0.15 2.05 

ME5 4.97 ± 0.12 1.48 ± 0.07 3.82 

ME6 2.25 ± 0.02 1.26 ± 0.05 1.73 

ME7 2.17 ± 0.53 1.32 ± 0.16 1.67 

ME8 1.64 ± 0.12 1.12 ± 0.09 1.26 

ME9 3.05 ± 0.06 1.42 ± 0.06 2.35 

ME10 3.10 ± 0.49 0.59 ± 0.06 2.38 

ME11 5.41 ± 0.81 1.21 ± 0.04 4.16 

Commercial 2.84 ± 0.25 0.83 ± 0.06 2.18 

Control 1.30 ± 0.10 1.52 ± 0.21 1.00 
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Figure 4.14 Skin permeation profiles of 0.15%w/w of capsaicin-loaded 

microemulsions, commercial product and control 

(a) surfactant mixture at 50%w/w: formulation ME1-ME4 

(b) oil at 20%w/w: formulation ME3, ME5-ME8 

(c) water at 10%w/w: formulation ME1, ME8-ME11 

 
 

a) 

b) 

c) 
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Figure 4.15 Skin permeation flux of 0.15%w/w of capsaicin-loaded microemulsions, 

commercial product and control 
(a)  surfactant mixture at 50%w/w: formulation ME1-ME4 

(b) oil at 20%w/w: formulation ME3, ME5-ME8 

(c)  water at 10%w/w: formulation ME1, ME8-ME11 

* p<0.05 : compared with the commercial product 

** p<0.05 : compared with the control 

*** p<0.05 : compared with the ME1 

**** p<0.05 : compared with the ME5 

***** p<0.05 : compared with the ME11 

a) 

b) 

c) 
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Figure 4.16 Skin permeation flux of 0.15%w/w of capsaicin-loaded microemulsions 

(a) %oil and %surfactant mixture       (b) %water and %surfactant mixture 

(c) %oil and %water 

b) 

a) 

c) 
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Figure 4.17 Lag time of 0.15%w/w of capsaicin-loaded microemulsions, commercial 

product and control 

4.4 Stability evaluation 

4.4.1 Accelerated stability 

The microemulsion formulations ME1, ME5 and ME11, 

commercial product (Capsaicin No-Fuss Applicator, Walgreen, USA) and control 

(capsaicin in ethanol) were kept at temperature 40°C±2°C / 65%RH±5%RH for 3 

months.  Both physical and chemical stability of the formulations were evaluated on 

initial, 1, 2 and 3 months, and the results are shown in the Table 4.6.  All of the 

formulations are physically stable at the accelerated stability condition.  No sign of 

phase separation was observed, but the appearance of the ME1, ME5 and ME11 

tended to be yellow/yellowish color.  The pH of all the formulations slightly changed 

from the initial period.  The electrical conductivity of all the ME1, ME5 and ME11 

significantly changed from the initial, however, the conductivity of the control and 

commercial product slightly changed.  In our study, the microemulsion formulations 

had no sign of phase inversion as the conductivity was not lower than 10-9–10-7 Ω-

1cm-1 [29].  The particle sizes of microemulsion formulations slightly changed from 

the initial period, however, they were within the nano-size range (13.39-25.66 nm).  

All polydispersity values of microemulsion formulations were smaller than 0.500 
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(0.167-0.356) during accelerated stability study, indicating that the droplet size had 

high homogeneity [31].  The capsaicin contents also slightly decreased during 

accelerated stability study.  The results indicated that the capsaicin-loaded 

microemulsions were stable for 3 months. 

Table 4.6 Characteristics of microemulsions assessed under accelerated stability 

condition 

Parameters initial 1 month 2months 3 months 

Appearance     
ME1 Clear, colorless Clear, colorless Clear, yellowish Clear, yellowish 

ME5 Clear, colorless Clear, colorless Clear, yellowish Clear, yellowish 

ME11 Clear, colorless Clear, colorless Clear, yellowish Clear, yellow 

Control Clear, colorless Clear, colorless Clear, colorless Clear, colorless 

Commercial Clear, colorless Clear, colorless Clear, colorless Clear, colorless 

pH (±SD)     

ME1 10.32±0.01 9.96±0.01 9.82±0.01 9.79±0.01 

ME5 9.83±0.01 9.75±0.01 9.64±0.01 9.60±0.01 

ME11 10.12±0.01 9.73±0.01 9.64±0.01 9.54±0.01 

Control  6.78±0.01 6.83±0.02 6.92±0.01 6.88±0.01 

Commercial 6.57±0.01 6.46±0.01 6.50±0.01 6.48±0.01 

Conductivity (μS/cm±SD)    

ME1 29.4±0.2 52.3±0.21 41.2±0.1 61.97±0.06 

ME5 209.3±3.06 263.6±1.7 336.0±3.6 440.0±13.5 

ME11 18.45±0.05 35.9±0.2 53.0±0.1 77.7±3.4 

Control 2.84±0.03 2.87±0.03 2.71±0.02 2.71±0.04 

Commercial 20.33±0.40 21.87±0.42 20.60±0.56 23.07±0.31 

Particle size (nm±SD)    
ME1 25.66±0.49 19.66±4.92 18.91±2.70 19.35±4.26 
ME5 13.81±0.45 14.76±1.84 13.39±0.19 13.69±0.20 
ME11 24.18±1.71 22.82±2.42 22.25±0.98 19.56±0.80 
Control ND ND ND ND 
Commercial ND ND ND ND 
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Table 4.6 Characteristics of microemulsions assessed under accelerated stability 

condition (Continued) 

Parameters initial 1 month 2months 3 months 

PDI (±SD)     
ME1 0.324±0.098 0.197±0.079 0.245±0.070 0.167±0.020 

ME5 0.192±0.025 0.206±0.062 0.190±0.013 0.197±0.002 

ME11 0.356±0.095 0.331±0.041 0.328±0.060 0.246±0.028 

Control ND ND ND ND 

Commercial ND ND ND ND 

%capsaicin remained (%±SD)    
ME1 100.00±0.00 95.93±0.82 105.48±0.45 97.39±1.54 
ME5 100.00±0.00 101.96±0.79 100.82±1.46 97.19±0.30 
ME11 100.00±0.00 98.87±0.37 90.99±0.18 89.73±0.13 
Control 100.00±0.00 99.02±0.60 102.26±1.04 97.47±0.43 
Commercial 100.00±0.00 98.82±0.71 100.33±0.07 98.25±0.44 

ND = Not determined 

 

Figure 4.18 pH of the microemulsion formulations assessed under accelerated stability 

condition 

                    * p<0.05 : compared with the initial period of each formulations 

                    ** p<0.05 : compared with the previous period of each formulations 
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Figure 4.19 Electrical conductivity of the microemulsion formulations assessed under 

accelerated stability condition 

* p<0.05 : compared with the initial period of each formulations 

** p<0.05 : compared with the previous period of each formulations 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.20 Particle sizes of the microemulsion formulations assessed under 

accelerated stability condition 

* p<0.05 : compared with the initial period of each formulations 

** p<0.05 : compared with the previous period of each formulations 
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Figure 4.21 Percent of capsaicin remaining in the microemulsion formulations 

assessed under accelerated stability condition 

* p<0.05 : compared with the initial period of each formulations 

** p<0.05 : compared with the previous period of each formulations 

4.4.2 Photostability 

The photostability studies were carried out by measurements of 

capsaicin content in the capsaicin-loaded microemulsion formulations.  The ME11, 

commercial product (Capsaicin No-Fuss Applicator, Walgreen, USA) and control 

(capsaicin in ethanol) were kept in the cabinet, and exposed to the light source 

(D65/ID65).  The results showed that no significant change of capsaicin content in all 

of the formulations was observed during 7 days of exposure (Table 4.7), indicating 

that the formulated microemulsions, commercial product and control were chemically 

stable at the observed period. 
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Table 4.7 Percent of capsaicin remaining in the microemulsion formulations assessed 
under photostability condition 

Formulation 
No. 

Capsaicin (%±SD) 

initial 1 day 3 days 5 days 7 days 

ME11 100.00±0.00 103.09±2.26 101.81±0.18 102.02±0.24 101.81±0.18 

Control 100.00±0.00 99.81±0.06 99.83±2.33 99.81±0.06 99.83±2.33 

Commercial 100.00±0.00 100.44±0.34 98.87±0.24 100.44±0.34 98.87±0.24 

 

 

Figure 4.22 Percent of capsaicin remaining in the microemulsion formulations 

assessed under photostability condition 

* p<0.05 : compared with the initial period of each formulations 

** p<0.05 : compared with the previous period of each formulations 
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CHAPTER 5 

CONCLUSIONS 

 

 The microemulsion systems composed of isopropyl myristate (IPM) as oil 

phase, cocamide DEA (comperlan® KD) as surfactant, ethanol as co-surfactant and 

reverse osmosis water as aqueous phase was successfully prepared.  Cocamide DEA 

(Comperlan® KD) has not been reported to use in pharmaceutical microemulsions.  

The microemulsions consisting of the surfactant/co-surfactant at weight ratios 3:1 

were selected to be loaded with 0.15% capsaicain.  The 11 microemulsion 

formulations were selected to evaluate effect of oil, surfactant mixture and water on 

the characteristic and in vitro skin permeation.  The results showed that the capsaicin-

loaded microemulsions slightly affected the pH and electrical conductivity. 

 The ratio of oil, water and surfactant mixture played an important role on 

characteristics, drug solubility and in vitro skin permeation of o/w microemulsions as 

follows, 

1) As the amount of oil increased, the drug solubility and skin permeation of capsaicin 

increased, however the % loading efficiency, loading capacity, pH and electrical 

conductivity decreased. 

2) As the amount of surfactant mixture increased, the drug solubility and pH 

increased, however % loading efficiency, loading capacity, the skin permeation 

decreased. 

3) As the amount of water decreased, the drug solubility and pH increased, however 

the % loading efficiency, loading capacity, skin permeation and electrical 

conductivity decreased. 

 The loading capacity was between 1.4924-1.6925 mg/g (ME4>ME3>ME2).  

The in vitro permeation studies can be ranged as ME11> ME5> ME1, respectively. 

 All of microemulsions have no sign of phase separation but the appearance 

tended to be yellow/yellowish color.  The microemulsions were chemically stable in 

accelerated stability and photostability testing.  From the data of appearance, in vitro 

permeation and stability evaluation, it is shown that our possible capsaicin-loaded 

microemulsion formulations to be developed as commercial product was ME5 that 
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consisted of 20% IPM, 45% surfactant mixture and 35% water, however the skin 

irritation and skin toxicity have to be further evaluated. 
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Figure A.1 The calibration curve of capsaicin for analysis drug solubility and stability 

studies 

 

Figure A.2 The calibration curve of capsaicin for analysis skin permeation studies 
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Microemulsion characterization 

Table B.2 The pH of microemulsion formulations, before and after loading 0.15%w/w 

capsaicin (pH±SD) 

Formulation 

No. 

Blank ME 0.15%w/w Capsaicin 

1 2 3 average SD 1 2 3 average SD 

ME1 10.37 10.38 10.38 10.38 0.01 10.32 10.31 10.32 10.32 0.01 

ME2 10.02 10.01 10.01 10.01 0.01 9.97 9.97 9.98 9.97 0.01 

ME3 9.91 9.91 9.90 9.91 0.01 9.84 9.84 9.84 9.84 0.00 

ME4 9.90 9.89 9.89 9.89 0.01 9.83 9.83 9.82 9.83 0.01 

ME5 9.85 9.84 9.83 9.84 0.01 9.83 9.84 9.83 9.83 0.01 

ME6 10.03 10.02 10.02 10.02 0.01 9.99 10.00 10.00 10.00 0.01 

ME7 10.27 10.28 10.26 10.27 0.01 10.22 10.21 10.22 10.22 0.01 

ME8 10.47 10.48 10.48 10.48 0.01 10.42 10.40 10.41 10.41 0.01 

ME9 10.48 10.47 10.48 10.48 0.01 10.42 10.41 10.42 10.42 0.01 

ME10 10.29 10.30 10.31 10.30 0.01 10.26 10.27 10.26 10.26 0.01 

ME11 10.25 10.24 10.24 10.24 0.01 10.11 10.11 10.12 10.11 0.01 
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Table B.3 The electrical conductivity of microemulsion formulations, before and after 

loading 0.15%w/w capsaicin (μS/cm±SD) 

Formulation 

No. 

Blank ME 0.15%w/w Capsaicin 

1 2 3 average SD 1 2 3 average SD 

ME1 38.0 38.3 38.8 38.4 0.4 39.2 39.4 39.0 39.2 0.2 

ME2 107.9 106.8 107.5 107.4 0.6 106.3 106.5 106.1 106.3 0.2 

ME3 190.5 190.0 190.1 190.2 0.3 202.0 201.0 200.0 201.0 1.0 

ME4 269 271 272 270.7 1.5 288.0 289.0 288.0 288.3 0.6 

ME5 196 198 200 198.0 1.8 212.0 208.0 210.0 210.0 2.0 

ME6 134.1 134.5 134.4 134.3 0.2 133.9 135.3 134.5 134.6 0.7 

ME7 66.4 68.1 68.7 67.7 1.2 67.6 67.4 67.2 67.4 0.2 

ME8 40.9 40.8 40.7 40.8 0.1 41.9 42.0 41.5 41.8 0.3 

ME9 35.0 34.8 34.7 34.8 0.2 36.0 36.2 36.0 36.1 0.1 

ME10 24.3 24.5 24.2 24.3 0.2 23.3 22.9 23.0 23.1 0.2 

ME11 19.55 19.51 19.50 19.5 0.03 18.50 18.40 18.41 18.44 0.06 
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Table B.4 The particle sizes of microemulsion formulations, before and after loading 

0.15%w/w capsaicin (nm±SD) 

Formulation 

No. 

Blank ME 0.15%w/w Capsaicin 

1 2 3 average SD 1 2 3 average SD 

ME1 21.79 17.79 22.04 20.54 2.38 25.58 25.21 26.18 25.66 0.49 

ME2 16.40 15.98 17.68 16.69 0.89 16.49 17.41 17.71 17.20 0.64 

ME3 18.29 18.42 18.27 18.33 0.08 13.88 14.33 15.36 14.52 0.76 

ME4 18.43 18.44 18.78 18.55 0.20 19.43 16.80 18.67 18.30 1.35 

ME5 20.24 20.26 20.25 20.25 0.01 13.41 13.72 14.29 13.81 0.45 

ME6 14.99 14.50 14.83 14.77 0.25 24.60 25.83 26.23 25.55 0.85 

ME7 23.29 24.04 20.48 22.60 1.88 16.50 15.75 25.32 19.19 5.32 

ME8 21.25 13.77 23.56 19.53 5.12 19.66 25.17 23.55 22.79 2.83 

ME9 14.28 17.51 19.48 17.09 2.63 15.96 14.14 17.19 15.76 1.53 

ME10 23.19 22.16 22.21 22.52 0.58 27.82 25.97 24.82 26.20 1.51 

ME11 25.03 21.25 20.56 22.28 2.41 26.05 23.78 22.71 24.18 1.71 
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Table B.5 The polydispersity index of microemulsion formulations, before and after 

loading 0.15%w/w capsaicin (PDI±SD) 

Formulation 

No. 

Blank ME 0.15%w/w Capsaicin 

1 2 3 average SD 1 2 3 average SD 

ME1 0.319 0.216 0.265 0.267 0.052 0.429 0.307 0.235 0.324 0.098 

ME2 0.224 0.216 0.228 0.223 0.006 0.134 0.160 0.089 0.128 0.036 

ME3 0.220 0.219 0.202 0.214 0.010 0.204 0.222 0.251 0.226 0.024 

ME4 0.172 0.163 0.178 0.171 0.008 0.543 0.497 0.365 0.468 0.092 

ME5 0.158 0.168 0.169 0.165 0.006 0.196 0.214 0.165 0.192 0.025 

ME6 0.200 0.176 0.201 0.192 0.014 0.247 0.162 0.126 0.178 0.062 

ME7 0.282 0.235 0.251 0.256 0.024 0.075 0.074 0.092 0.080 0.010 

ME8 0.212 0.219 0.232 0.221 0.010 0.072 0.110 0.082 0.088 0.020 

ME9 0.212 0.219 0.232 0.221 0.010 0.220 0.383 0.141 0.248 0.123 

ME10 0.342 0.382 0.344 0.356 0.023 0.502 0.409 0.436 0.449 0.048 

ME11 0.379 0.379 0.360 0.373 0.011 0.253 0.377 0.439 0.356 0.095 
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Stability evaluation 

Table B.7 The pH of the formulations, accelerated stability data 

Period 
Formulation 

No. 

pH 

1 2 3 average SD 

initial 

ME1 10.32 10.33 10.31 10.32 0.01 

ME5 9.83 9.84 9.83 9.83 0.01 

ME11 10.11 10.12 10.12 10.12 0.01 

Control 6.78 6.79 6.78 6.78 0.01 

Commercial 6.57 6.56 6.57 6.57 0.01 

1 month 

ME1 9.96 9.96 9.95 9.96 0.01 

ME5 9.75 9.74 9.75 9.75 0.01 

ME11 9.74 9.72 9.72 9.73 0.01 

Control 6.83 6.83 6.82 6.83 0.01 

Commercial 6.45 6.46 6.46 6.46 0.01 

2 months 

ME1 9.83 9.82 9.82 9.82 0.01 

ME5 9.64 9.64 9.63 9.64 0.01 

ME11 9.68 9.67 9.67 9.67 0.01 

Control 6.92 6.91 6.92 6.92 0.01 

Commercial 6.5 6.5 6.5 6.50 0.00 

3 months 

ME1 9.79 9.78 9.79 9.79 0.01 

ME5 9.60 9.60 9.59 9.60 0.01 

ME11 9.55 9.53 9.54 9.54 0.01 

Control 6.87 6.88 6.88 6.88 0.01 

Commercial 6.47 6.48 6.48 6.48 0.01 
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Table B.8 The electrical conductivity of the formulations, accelerated stability data 

Period 
Formulation 

No. 

Electrical conductivity (μS/cm) 

1 2 3 average SD 

initial 

ME1 29.4 29.6 29.2 29.40 0.20 

ME5 206 210 212 209.3 3.06 

ME11 18.5 18.44 18.41 18.45 0.05 

Control 2.84 2.87 2.82 2.84 0.03 

Commercial 20.4 19.9 20.7 20.33 0.40 

1 month 

ME1 52.5 52.1 52.2 52.27 0.21 

ME5 265.4 263.3 262 263.6 1.7 

ME11 36.2 35.8 35.8 35.93 0.23 

Control 2.9 2.86 2.84 2.87 0.03 

Commercial 21.4 22 22.2 21.87 0.42 

2 months 

ME1 41.1 41.2 41.3 41.20 0.10 

ME5 337 339 332 336.00 3.61 

ME11 52.9 53 53.1 53.00 0.10 

Control 2.73 2.69 2.7 2.71 0.02 

Commercial 21.1 20.7 20 20.60 0.56 

3 months 

ME1 62 61.9 62 61.97 0.06 

ME5 454 427 439 440.00 13.53 

ME11 81.5 76.8 74.9 77.73 3.40 

Control 2.7 2.75 2.68 2.71 0.04 

Commercial 23 23.4 22.8 23.07 0.31 
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Table B.9 The particle size of the formulations, accelerated stability data 

Period 
Formulation 

No. 

Particle size (nm) 

1 2 3 average SD 

initial 

ME1 25.58 25.21 26.18 25.66 0.49 

ME5 13.41 13.72 14.29 13.81 0.45 

ME11 26.05 23.78 22.71 24.18 1.71 

Control - - - - - 

Commercial - - - - - 

1 month 

ME1 25.32 16.35 17.32 19.66 4.92 

ME5 16.76 14.37 13.14 14.76 1.84 

ME11 25.39 22.47 20.59 22.82 2.42 

Control - - - - - 

Commercial - - - - - 

2 months 

ME1 16.86 17.91 21.97 18.91 2.70 

ME5 13.17 13.47 13.52 13.39 0.19 

ME11 23.31 22.06 21.37 22.25 0.98 

Control - - - - - 

Commercial - - - - - 

3 months 

ME1 23.12 20.21 14.73 19.35 4.26 

ME5 13.72 13.88 13.48 13.69 0.20 

ME11 19.49 20.39 18.79 19.56 0.80 

Control - - - - - 

Commercial - - - - - 
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Table B.10 The polydispersity index of the formulations, accelerated stability data 

Period 
Formulation 

No. 

Polydispersity  index 

1 2 3 average SD 

initial 

ME1 0.429 0.307 0.235 0.324 0.098 

ME5 0.196 0.214 0.165 0.192 0.025 

ME11 0.253 0.377 0.439 0.356 0.095 

Control - - - - - 

Commercial - - - - - 

1 month 

ME1 0.137 0.286 0.167 0.197 0.079 

ME5 0.136 0.252 0.23 0.206 0.062 

ME11 0.351 0.357 0.284 0.331 0.041 

Control - - - - - 

Commercial - - - - - 

2 months 

ME1 0.311 0.251 0.172 0.245 0.070 

ME5 0.192 0.188 0.191 0.190 0.002 

ME11 0.397 0.297 0.289 0.328 0.060 

Control - - - - - 

Commercial - - - - - 

3 months 

ME1 0.186 0.168 0.147 0.167 0.020 

ME5 0.194 0.215 0.182 0.197 0.017 

ME11 0.246 0.273 0.218 0.246 0.028 

Control - - - - - 

Commercial - - - - - 
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Skin permeation studies 

Table C.1 The cumulative drug permeation of 0.15%w/w capsaicin-loaded 

formulation: ME1 

Time 
(h) 

Cumulative drug permeated (μg/cm2) 
1 2 3 mean SD 

0.5 0.0000 0.0000 0.0000 0.0000 0.0000 
1 0.7175 0.8231 0.6921 0.7443 0.0695 
2 3.0806 3.5994 3.2136 3.2978 0.2695 
3 8.1097 8.3451 8.2391 8.2313 0.1179 
4 13.4033 14.0285 13.4972 13.6430 0.3371 
5 17.9450 19.9308 18.0712 18.6490 1.1119 
6 21.5871 24.8943 21.6670 22.7161 1.8867 
7 23.6797 28.5279 23.6983 25.3020 2.7938 
8 25.3939 31.2762 25.5907 27.4203 3.3408 

 

Table C.2 The cumulative drug permeation of 0.15%w/w capsaicin-loaded 

formulation: ME2 

Time 
(h) 

Cumulative drug permeated (μg/cm2) 
1 2 3 mean SD 

0.5 0.0000 0.0000 0.0000 0.0000 0.0000 
1 0.0000 0.0000 0.0000 0.0000 0.0000 
2 0.8205 0.8194 0.0000 0.8200 0.0008 
3 3.0492 2.6806 2.0696 2.5998 0.4948 
4 6.8654 5.2259 4.6016 5.5643 1.1693 
5 10.2954 7.7746 8.2928 8.7876 1.3312 
6 13.8308 9.9632 11.7177 11.8372 1.9366 
7 15.8929 12.1738 15.0120 14.3596 1.9435 
8 17.5306 14.1079 17.2111 16.2832 1.8906 
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Table C.3 The cumulative drug permeation of 0.15%w/w capsaicin-loaded 

formulation: ME3 

Time 
(h) 

Cumulative drug permeated (μg/cm2) 
1 2 3 mean SD 

0.5 0.0000 0.0000 0.0000 0.0000 0.0000 
1 0.0000 0.0000 0.0000 0.0000 0.0000 
2 0.0000 0.0000 0.0000 0.0000 0.0000 
3 1.9453 2.1394 2.3140 2.1329 0.1844 
4 5.0914 3.8275 4.2808 4.3999 0.6403 
5 8.6523 7.9933 7.8583 8.1680 0.4248 
6 12.0883 10.3638 10.4819 10.9780 0.9634 
7 14.7059 13.1416 11.3664 13.0713 1.6709 
8 17.0071 15.6352 15.1719 15.9381 0.9543 

 

Table C.4 The cumulative drug permeation of 0.15%w/w capsaicin-loaded 

formulation: ME4 

Time 
(h) 

Cumulative drug permeated (μg/cm2) 
1 2 3 mean SD 

0.5 0.0000 0.0000 0.0000 0.0000 0.0000 
1 0.0000 0.0000 0.0000 0.0000 0.0000 
2 0.0000 2.0625 1.7550 1.9087 0.2174 
3 3.0764 4.5479 4.2050 3.9431 0.7699 
4 8.0192 8.2481 7.2068 7.8247 0.5472 
5 11.4486 11.6088 10.1256 11.0610 0.8140 
6 14.2924 14.3815 13.2291 13.9677 0.6412 
7 16.4146 16.2238 15.6832 16.1072 0.3794 
8 18.8425 18.1932 18.1060 18.3805 0.4024 
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Table C.5 The cumulative drug permeation of 0.15%w/w capsaicin-loaded 

formulation: ME5 

Time 
(h) 

Cumulative drug permeated (μg/cm2) 
1 2 3 mean SD 

0.5 0.0000 0.0000 0.0000 0.0000 0.0000 
1 0.0000 0.0000 0.0000 0.0000 0.0000 
2 1.0261 1.0235 1.3310 1.0248 0.1768 
3 3.3742 3.3469 4.5134 3.3605 0.6657 
4 7.5886 7.5380 9.8958 7.5633 1.3469 
5 14.0801 14.4012 15.9837 14.2406 1.0191 
6 21.7386 21.9339 22.2953 21.8362 0.2825 
7 28.4582 28.8804 27.6613 28.6693 0.6190 
8 35.1068 37.8975 37.9998 36.5022 1.6415 

 

Table C.6 The cumulative drug permeation of 0.15%w/w capsaicin-loaded 

formulation: ME6 

Time 
(h) 

Cumulative drug permeated (μg/cm2) 
1 2 3 mean SD 

0.5 0.0000 0.0000 0.0000 0.0000 0.0000 
1 0.0000 0.0000 0.0000 0.0000 0.0000 
2 0.0000 0.0000 0.0000 0.0000 0.0000 
3 3.4847 2.6469 2.6264 2.9193 0.4897 
4 6.1824 5.5703 5.4495 5.7341 0.3930 
5 8.4052 8.0408 8.0649 8.1703 0.2037 
6 10.8183 10.7133 10.7144 10.7487 0.0603 
7 13.5780 13.4888 13.2926 13.4531 0.1460 
8 15.8642 15.4570 15.5179 15.6130 0.2196 
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Table C.7 The cumulative drug permeation of 0.15%w/w capsaicin-loaded 

formulation: ME7 

Time 
(h) 

Cumulative drug permeated (μg/cm2) 
1 2 3 mean SD 

0.5 0.0000 0.0000 0.0000 0.0000 0.0000 
1 0.0000 0.0000 0.0000 0.0000 0.0000 
2 0.0000 0.0000 0.0000 0.0000 0.0000 
3 2.5375 1.6710 1.9013 2.0366 0.4488 
4 5.7923 6.4477 4.1779 5.4726 1.1682 
5 9.2213 6.5880 6.8166 7.5420 1.4588 
6 12.7421 7.6888 9.7463 10.0591 2.5411 
7 16.1652 9.8039 12.6958 12.8883 3.1850 
8 18.9871 11.6008 15.0008 15.1962 3.6971 

 

Table C.8 The cumulative drug permeation of 0.15%w/w capsaicin-loaded 

formulation: ME8 

Time 
(h) 

Cumulative drug permeated (μg/cm2) 
1 2 3 mean SD 

0.5 0.0000 0.0000 0.0000 0.0000 0.0000 
1 0.0000 0.0000 0.0000 0.0000 0.0000 
2 0.9168 0.8702 0.8593 0.8821 0.0305 
3 2.1904 2.3874 2.4479 2.3419 0.1347 
4 3.9996 4.2785 4.3714 4.2165 0.1935 
5 6.1203 6.0498 6.2554 6.1418 0.1045 
6 8.5469 7.8234 7.9699 8.1134 0.3825 
7 10.7657 9.3262 9.4393 9.8437 0.8005 
8 12.8581 11.1524 11.2500 11.7535 0.9578 
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Table C.9 The cumulative drug permeation of 0.15%w/w capsaicin-loaded 

formulation: ME9 

Time 
(h) 

Cumulative drug permeated (μg/cm2) 
1 2 3 mean SD 

0.5 0.0000 0.0000 0.0000 0.0000 0.0000 
1 0.0000 0.0000 0.0000 0.0000 0.0000 
2 1.1773 0.9698 1.1209 1.0735 0.1073 
3 3.4060 2.7763 2.7981 3.0912 0.3574 
4 5.8542 5.5367 5.4852 5.6954 0.1999 
5 10.0117 8.8177 8.8114 9.4147 0.6912 
6 14.0156 12.2263 13.7515 13.1210 0.9659 
7 16.8528 15.4287 15.9788 16.1407 0.7181 
8 23.3700 24.1966 24.9223 23.7833 0.7767 

 

Table C.10 The cumulative drug permeation of 0.15%w/w capsaicin-loaded 

formulation: ME10 

Time 
(h) 

Cumulative drug permeated (μg/cm2) 
1 2 3 mean SD 

0.5 0.0000 0.0000 0.0000 0.0000 0.0000 
1 1.7748 1.9311 1.8016 1.8358 0.0836 
2 3.3684 3.8358 4.5529 3.9190 0.5966 
3 5.9617 5.2931 8.6335 6.6294 1.7674 
4 10.0610 8.2994 12.5710 10.3105 2.1467 
5 13.9455 11.5086 16.3610 13.9383 2.4262 
6 16.6343 14.3611 20.1769 17.0575 2.9309 
7 19.4922 17.2808 23.5991 20.1241 3.2062 
8 22.3838 19.8497 26.1653 22.7996 3.1783 
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Table C.11 The cumulative drug permeation of 0.15%w/w capsaicin-loaded 

formulation: ME11 

Time 
(h) 

Cumulative drug permeated (μg/cm2) 
1 2 3 mean SD 

0.5 0.0000 0.0000 0.0000 0.0000 0.0000 
1 0.0000 0.0000 0.0000 0.0000 0.0000 
2 2.1237 1.7233 2.1341 1.9937 0.2343 
3 6.7146 5.7426 7.4675 6.6416 0.8648 
4 13.1688 11.1173 13.4306 12.5722 1.2668 
5 21.0007 17.1487 21.1617 19.7704 2.2719 
6 28.7317 22.3441 29.0564 26.7107 3.7851 
7 34.7642 27.0091 35.6174 32.4636 4.7429 
8 40.3917 31.1349 42.2564 37.9277 5.9561 

 

Table C.12 The cumulative drug permeation of commercial product (0.15%w/w of 

capsaicin) 

Time 
(h) 

Cumulative drug permeated (μg/cm2) 
1 2 3 mean SD 

0.5 0.0000 0.0000 0.0000 0.0000 0.0000 
1 0.7358 1.1277 0.8485 0.9317 0.2017 
2 2.8141 2.7688 2.9070 2.7914 0.0705 
3 5.5254 5.0223 5.5115 5.2738 0.2866 
4 8.5400 7.7707 8.6057 8.1553 0.4643 
5 11.9866 10.5577 11.9681 11.2721 0.8197 
6 14.9787 13.3958 16.0550 14.1872 1.3376 
7 17.8545 16.1438 18.0919 16.9992 1.0628 
8 21.0768 19.2655 23.2467 20.1712 1.9933 
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Table C.13 The cumulative drug permeation of control (0.15%w/w of capsaicin in 

IPM) 

Time 
(h) 

Cumulative drug permeated (μg/cm2) 
1 2 3 mean SD 

0.5 0.0000 0.0000 0.0000 0.0000 0.0000 
1 0.0000 0.0000 0.0000 0.0000 0.0000 
2 0.0000 0.0000 0.0000 0.0000 0.0000 
3 0.0000 0.0000 0.0000 0.0000 0.0000 
4 0.0000 3.3944 3.0970 3.2457 0.2103 
5 3.7273 5.7008 5.6968 5.0416 1.1383 
6 5.8614 6.7339 7.1420 6.5791 0.6542 
7 6.8673 7.8122 7.9333 7.5376 0.5837 
8 7.9727 8.9546 8.6281 8.5185 0.5000 

 

Table C.14 The skin permeation flux of the 0.15%w/w capsaicin-loaded 

microemulsions, commercial product and control 

Formulation 
No. 

Flux (μg/cm2/h) 

1 2 3 average SD 

ME1 3.75 4.54 3.77 4.02 0.45 

ME2 2.62 2.02 2.49 2.38 0.32 

ME3 2.49 2.23 2.11 2.28 0.19 

ME4 2.57 2.80 2.65 2.67 0.12 

ME5 4.83 5.06 5.01 4.97 0.12 

ME6 2.27 2.24 2.24 2.25 0.02 

ME7 2.72 2.13 1.67 2.17 0.53 

ME8 1.79 1.58 1.56 1.64 0.12 

ME9 3.06 2.98 3.11 3.05 0.06 

ME10 3.61 3.06 2.63 3.10 0.49 

ME11 5.78 4.48 5.96 5.41 0.81 

commercial 2.88 2.57 3.07 2.84 0.25 

control 1.36 1.18 1.36 1.30 0.10 
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Table C.15 The lag time of the 0.15%w/w capsaicin-loaded microemulsions, 

commercial product and control 

Formulation 
No. 

Lag time (h) 

1 2 3 average SD 

ME1 0.68 0.84 0.67 0.73 0.09 

ME2 1.16 1.15 1.43 1.25 0.16 

ME3 1.40 1.41 1.34 1.38 0.04 

ME4 1.01 1.20 0.90 1.04 0.15 

ME5 1.50 1.53 1.40 1.48 0.07 

ME6 1.20 1.28 1.29 1.26 0.05 

ME7 1.38 1.43 1.13 1.32 0.16 

ME8 1.23 1.07 1.08 1.12 0.09 

ME9 1.35 1.45 1.45 1.42 0.06 

ME10 0.56 0.66 0.58 0.59 0.06 

ME11 1.23 1.17 1.24 1.21 0.04 

commercial 0.83 0.77 0.90 0.83 0.06 

control 1.40 1.76 1.40 1.52 0.21 
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Figure D.1 Certification of approval for the care and use of laboratory animals at 

Silpakorn University 
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Figure D.1 Certification of approval for the care and use of laboratory animals at 

Silpakorn University (Continue) 
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Table E.1 List of abbreviations 

  Symbol Definition 

pH The negative logarithm of the  

                                                                         hydrogen ion concentration  

etc.                              for example, such as 

i.e.                               id est, that is 

e.g.                              exempli gratia, for example 

et al.                            and others 

UV                              Ultraviolet 

o/w                              oil in water 

w/o                              water in oil 

C degree celsius 

Da                               Dalton 

kDa                             kilo-Dalton, 1000 Dalton 

TRPV1                        transient receptor potential action  

                                                channel (subfamily V), type 1 

min minute 

h hours 

AUC                           area under the curve 

Cmax                             the highest concentration of the drug 

Tmax                             The time the concentration is highest 

% percent 

w/w weight by weight 

w/v                              weight by volume 

v/v                               volume by volume 

IPM                             isopropyl myristate 

PG                               propylene glycol 
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Table E.1 List of abbreviations (continue) 

  Symbol Definition 

PEG                            Polyethylene glycol 

HLB                            Hydrophilic-lipophilic balance 

> more than 

< less than 

°                                  degree 

S cm-1                          Siemen per centimeter 

μS/cm, μS cm-1           Micro Siemen per centimeter 

ME                              microemulsions 

DSC                            differential scanning calorimetry 

DLS                            dynamic light scattering 

NMR                           nuclear magnetic resonance 

TEM                           transmission electron microscopy 

HPLC High Performance Liquid 

 Chromatography  

UPLC Ultra Performance Liquid 

 Chromatography  

CAS-No.                     chemical abstracts service number 

RO                               reverse osmosis 

mm                             millimeter 

μm                              micrometer 

nm nanometer 

ml milliliter 

l microlitre 

cm                              centimeter 

cm2                             square centimeter 

cm3                              cubic centimeter 
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Table E.1 List of abbreviations (continue) 

  Symbol Definition 

μg microgram 

mg milligram 

g gram 

rpm                              round per minute 

RH                               relative humidity 

S                                  surfactant 

Co-S                            co-surfactant 

PDI                              polydispersity index 

SD standard deviation 

LA                               labeled amount 
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