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Aims and Objectives 

AIMS AND OBJECTIVES 

Aims 

Emulsions are widely used as cosmetic and pharmaceutical formulations for topical 

application. For many years, the formulation of emulsions was mainly focussed on 

ensuring stability, non-toxicity and aesthetic acceptability. However, the task of a 

formulator has changed in the recent past and currently includes the optimisation of the 

delivery of the active ingredient. The formulation of active ingredients in emulsions 

intended for optimised delivery necessitates the evaluation of the factors influencing the 

delivery of the active from emulsions. 

The aim of this project was to develop an understanding of how the dermal and 

transdermal delivery of active ingredients is affected by emulsions. Moreover, the focus 

was on the effect of the emulsifiers and penetration modifiers on the delivery. 

Objectives 

1. Perform a survey of the literature to verify the theoretical understanding of skin 

permeation with the focus on the effect of vehicles on percutaneous absorption. 

Additionally, the survey should outline the emulsion as pharmaceutical formulation 

and its known effect on dermal and transdermal delivery. 

2. Develop sensitive, reliable analytical methods for the determination of the active 

ingredients (propagermanium, hydroquinone, salicylic acid and octadecenedioic 

acid) in human skin samples and transdermal perfusates. The analytical methods 

should allow the accurate and precise detection of low concentrations of the active 

ingredients to enable the assessment of small differences in the effect of various 

emulsions on dermal and transdermal delivery. 

3. Assess the delivery of four active ingredients with different lipophilicities 

(propagermanium, hydroquinone, salicylic acid and octadecenedioic acid) into and 

through the skin from six different emulsions (conv. o/w, oleosome, hydrosome, 

phosphosome EFA, phosphosome PTC and w/o). These emulsions would contain 

the same oil phase and only vary in the type of emulsifier system. Calculate the 

permeability coefficient and flux and determine the influence of the various 

emulsions on partition coefficient and diffusion coefficient. This set of skin 

penetration experiments will demonstrate the effect of emulsifier system on dermal 

and transdermal delivery. 

VII 



Aims and Objectives 

4. Assess the effect of the incorporation of 10% penetration modifiers into emulsions 

on dermal and transdermal delivery of three active ingredients (hydroquinone, 

salicylic acid and octadecenedioic acid). The penetration modifiers include 

dimethyl isosorbide and diethylene glycol monoethyl ether. An emulsion with 10% 

water incorporated instead of the penetration modifiers will serve as a control. 

viii 



Abstract 

ABSTRACT 
Emulsions are widely used as the delivery vehicles of active ingredients. The aim of this 

project was the investigation of the effect of the emulsifier system on dermal and 

transdermal delivery. Four different actives with various lipophilicities (propagermanium, 

hydroquinone, salicylic acid and octa-9,10-decene-1,18-dicarboxylic acid) were 

investigated. For each active, six different emulsions were formulated which varied only in 

the emulsifier system. Additionally, the effect of the incorporation of two penetration 

modifiers into the emulsions, dimethyl isosorbide (DMI) and diethylene glycol monoethyl 

ether (DGME), on dermal and transdermal delivery was investigated. Analytical methods 

were developed using gas chromatography with mass spectrometric detection for the 

quantitative determination of hydroquinone, salicylic acid and octadecenedioic acid in 

human skin samples and transdermal perfusates. These methods were accurate, precise 

and reliable and allowed the detection of low concentration of the analytes. Skin 

permeation experiments were performed using Franz type diffusion cells and human 

abdominal skin that was dermatomed to a thickness of 400 urn. Delivery of the various 

actives into the stratum corneum, rest skin and receptor (transdermal) was assessed. 

Partition coefficients, diffusion coefficients, flux and permeability coefficients were 

determined from the permeation profiles with the aid of a curve fitting procedure. The 

experiments revealed that the incorporation of the penetration modifiers did not increase 

the dermal or transdermal delivery. It was hypothesised that the effect of DMI and DGME 

on the solubility of the active ingredients in the skin was counteracted by a simultaneous 

increase in solubility in the formulation and therefore reduction of the thermodynamic 

activity. The permeation experiments including different emulsifier systems demonstrated 

that emulsifiers, arranging in liquid crystalline structures in the water phase, enhanced 

skin penetration of the active ingredients except of salicylic acid. Furthermore, the skin 

penetration of lipophilic active ingredients was superior from the w/o emulsion compared 

with the conventional o/w emulsion. The differences in skin penetration were a result of 

different partitioning behaviour of the active ingredients between the skin and formulation. 

Key words: dermal delivery, emulsifier, emulsion, penetration modifier, transdermal 

delivery 

ix 



Uittreksel 

UITTREKSEL 
Emulsies word algemeen aangewend as afleweringsisteme van aktiewe bestanddele. 

Hierdie projek stel dit ten doel om die effek van die emulsifiseringsisteem op dermale en 

transdermale aflewering te ondersoek. Die aktiewe bestanddele wat ondersoek is sluit in 

propagermanium (PGE), hidrokinoon (HQ), salisielsuur (SA) en okta-9,10-dekeen-1,18-

dikarboksielsuur (DIOIC) en elkeen van die bestanddele is in ses verskillende emulsies 

geformuleer. Addisioneel, is die effek van die insluiting van twee penetrasiemoduleerders 

in die emulsies, dimetielisosorbied (DMI) en dietileenglikoolmonoetieleter (DGME), op die 

dermale en transdermale aflewering ondersoek. Kwantitatiewe analitiese metodes 

gegrond op gaschromatografie is ontwikkel met behulp van massapektrometriese 

bepaling van HQ, SA en DIOIC in menslike huid- en transdermale perfusiemonsters. Die 

geskiktheid van die metodes vir die analise van lae konsentrasies van die aktiewe 

bestanddele is bewys deur die akkuraatheid, presisie en betroubaarheid daarvan. 

Huidpermeasiestudies is uitgevoer deur middel van Franz-tipe diffusieselle. Die 

abdominale huidmembrane (-400 urn dikte) is berei met 'n dermatoom en vasgekiem oor 

diffusie-openinge van die Franzselle. Die aflewering van die aktiewe bestanddele in die 

stratum corneum, reseptorkompartement (transdermale aflewering) asook in oorblywende 

deel van die huidmembraan is ondersoek. Kurwepassingstegnieke is aangewend om die 

verdelings-, diffusie- en permeabiliteitskoeffisiente asook die flukswaardes van die 

aktiewe bestanddele te bereken vanaf die tydafhanklike permeasieprofiele. Dit is bevind 

dat die penetrasiemoduleerders geen verhoging in die dermale of transdermale aflewering 

van die aktiewe bestanddele meegebring het nie. Dus is die hipotese gestel dat die 

insluiting van DMI en DGME 'n verhoging in oplosbaarheid van die aktiewe bestandeel in 

die formulering bewerkstellig. Hierdeur is die termodinamiese aktiwiteit van die 

bestanddele verlaag en die aflewering dus benadeel. Permeasietudies wat uigevoer is 

met die verskillende emulsies het getoon dat emulsifiseerders, wat die vermoe besit om in 

vloeibare kristalstrukture te rangskik in die waterfase, die huidpenetrasie van die aktiewe 

bestanddele bevorder het met die uitsondering van SA. Verder is bevind dat die 

huidpenetrasie van die lipofiele aktiewe bestanddele vanuit die w/o emulsies effektiewer 

was vergeleke met die o/w emulsies. Die verskille in die penetrasiegedrag van die 

bestanddele is te wyte aan die verskille in die verdelingsgedrag van die bestanddele 

tussen die huid en die formulering. 

Soekwoorde: dermale aflewering, emulsifiseerder, emulsie, penetrasiemoduleerder, 

transdermale aflewering 
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Dermal and Transdermal Delivery from Emulsions 

CHAPTER 1 

FORMULATION EFFECTS ON TRANSDERMAL AND 

DERMAL DELIVERY FROM TOPICAL EMULSIONS 

Anja Otto*, Jeanetta du Plessis*, and Johann W. Wiechers§ 

"Unit for Drug Research and Development, North-West University, Potchefstroom 

Campus, Potchefstroom, South Africa, §JW Solutions, Gouda, The Netherlands 

International Journal of Cosmetic Science, In press. 

Synopsis 
Skin has been recognized as an important route for drug delivery. Skin penetrations as 

well as permeation of active ingredients are essential processes for the treatment of 

certain skin conditions or to obtain systemic therapeutic effects. It is known that skin 

permeation not only depends on the physicochemical properties of the active ingredient, 

the skin and the dosing condition, but also on the physicochemical properties of the 

vehicle in which the active ingredient is applied to the skin. Emulsions are widely used as 

cosmetic and pharmaceutical formulations due to their excellent solubilizing capacities for 

lipophilic and hydrophilic drugs and good patient acceptability. This review focuses on the 

effect of vehicle and in particular on the effect of emulsions on the dermal and transdermal 

delivery of active ingredients. It is shown that the type of emulsion (w/o versus o/w 

emulsion), the droplet size, the emollient, the emulsifier as well as the surfactant 

organization in the emulsion could affect the cutaneous and percutaneous absorption. The 

examples substantiate the fact that emulsion constituents such as emollients and 

emulsifiers should be selected carefully for optimal efficiency of the formulation. 

Additionally, to understand the influence of emulsion on dermal and transdermal delivery, 

it is essential to consider the behaviour of the physicochemical properties of the 

formulation after application. 

Key words: dermal and transdermal delivery, emulsifier, emulsion, skin, vehicle effect 
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Dermal and Transdermal Delivery from Emulsions 

1.1 Dermal and transdermal delivery 

1.1.1 Introduction and definitions 

The skin is a major organ of the body and functions as a barrier to protect the body 

against infiltration of xenobiotics and the loss of endogenous compounds such as water 

and electrolytes [1]. It has also been recognized as an important route for drug delivery 

and the advantages over other administration routes include bypass of the hepatic first-

pass elimination, prolonged and constant drug delivery as well as patient compliance [2]. 

Skin penetration and permeation of active ingredients are essential in the treatment of 

certain skin conditions or to obtain systemic therapeutic effects. Two routes of delivery are 

distinguished, i.e. dermal and transdermal delivery. In the case of transdermal delivery the 

active ingredient permeates through the skin into deeper tissues (muscle pain or anti-

inflammatory effects) and/or into the systemic circulation (hypertension, pain, sickness, 

postmenopausal or withdrawal symptoms) to execute its pharmacological effect. In 

contrast, dermal (topical) delivery targets the skin and minimizes the transport through the 

skin to facilitate local treatment of skin diseases (e.g. skin cancer, skin infections, 

psoriasis or hyperpigmentation). Additionally, the delivery of active ingredients onto the 

skin is distinguished for formulations like sunscreens, cosmetics, insect repellents and 

antiseptics. 

The terms of percutaneous absorption, penetration and permeation will be defined here as 

they are used throughout this review. Percutaneous absorption is the multiple-step 

process of the drug transport through the skin into deeper tissues underneath the skin 

(including systemic circulation). The term permeation describes the transport through a 

layer or membrane (e.g. stratum corneum) and includes the partitioning of the drug into 

the layer of the skin as well as the diffusion through this layer. In contrast, penetration 

defines the entry of the drug into a membrane without the necessity of exiting this 

membrane [3]. 

1.1.2 The skin barrier 

The skin is subdivided into three main layers, namely the epidermis, the dermis and the 

hypodermis (subcutaneous tissue) (Fig. 1.1). For dermal delivery into the skin and 

transdermal delivery through the skin it is essential that the active permeates the stratum 

corneum which represents the rate limiting barrier for most drugs [4]. 

2 
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shunt route transcellular route intercellular route 

Fig. 1.1 Schematic illustration of the composition of the skin and the different permeation 

pathways (adopted from Ref. [3]) 

The stratum corneum is a nonviable tissue and is the outermost layer of the epidermis. 

This membrane is approximately 10 urn thick (when dry) although it can swell to several 

times this thickness when hydrated [5]. The stratum corneum has been described as a 

'brick and mortar' model consisting of dead, keratinized cells (bricks) embedded in a Iipid 

matrix (mortar) [6]. Major components of the Iipid matrix include ceramides, free fatty 

acids and cholesterol. The intercellular lipids are arranged in a multi-lamellar bilayers 

structure and it was found that the Iipid composition as well as the Iipid lamellar 

organization is responsible for the barrier properties of the stratum corneum [7-10]. In 

addition to the lamellar organization, the lateral Iipid packing also plays an important role 

in the skin barrier function. It is distinguished between orthorhombic (crystalline), 

hexagonal (gel) and liquid crystalline (fluid) phases where the packing density increases in 

the order: liquid crystalline < hexagonal < orthorhombic. As the permeability depends on 

the packing density, the permeability is highest for the liquid crystalline phase and lowest 

for the orthorhombic phase [11]. The lipids of the human stratum corneum are 

predominantly arranged in the orthorhombic phase; however, closer to the surface, more 

lipids appear in the hexagonal state [12]. Similar results were obtained earlier by 

Bommannan et al. [13] who established that the outer layers of the stratum corneum 

3 
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contained higher amounts of intercellular lipids which appeared more disordered 

compared with the deeper layers. 

However, it is important to note that the lipid composition varies between different body 

sites [14] and individuals [15]. Moreover, lipid composition and organization are altered in 

diseased skin compared with healthy skin with the result of reduced barrier properties of 

the stratum corneum [16]. 

1.1.3 Permea tion pa thways 

Three major pathways are recognized by which a molecule can permeate intact stratum 

corneum, i.e. the appendageal, intercellular and transcellular routes (Fig. 1.1). The 

transport via the appendages (hair follicles, sweat glands) bypasses the stratum corneum 

and is therefore also known as shunt route. This route was not regarded as being 

significant for the permeation process since only approximately 0.1% of the skin surface is 

covered by these appendages [17]. However, recent studies revealed that the hair follicles 

could contribute significantly to skin penetration and care has to be taken not to 

underestimate the follicular penetration pathway [18,19]. In contrast, the intercellular and 

transcellular routes describe the transport through the stratum corneum (transepidermal 

route) and it has been recognized that for most molecules the intercellular route is the 

dominant pathway to traverse the stratum corneum [20,21]. However, it has to be 

considered that the transport of a molecule might be a combination of all three pathways 

and the physicochemical properties of the molecule and other factors (e.g. finite or infinite 

dosing, vehicle, time period of application) will determine to which extent a route is 

contributing to the overall permeation process. 

1.1.4 Factors influencing skin permeation 

Skin permeation through the stratum corneum depends on several factors. These factors 

include: 

• the physicochemical properties of the permeant, e.g. [3] 

o partition coefficient (permeants with good solubility in both oil and water 

phases (logP 1-3) are good candidates for transdermal delivery) 

o solubility (permeant should have some aqueous solubility to incorporate a 

sufficient amount into the formulation) 

o molecular size/ molecular weight (with increasing molecular size, the 

diffusivity is decreasing) 

4 
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o ionization state (differences in permeability and aqueous solubility between 

ionized and unionized species and therefore differences in flux) 

o hydrogen bonding (the diffusivity is reduced by increasing number of H-

bonding groups; additionally, the nature as well as the distribution of the H-

bonding groups within the permeant affects the permeation process) 

• the physicochemical properties of the formulation in which the penetrant is applied 

to the skin 

o this part will be discussed in more detail in this review 

• the skin 

o type (permeation through human skin and skin of various animal species 

can vary [22]) 

o site (percutaneous absorption varies depending on the site of application 

[23]) 

o condition of the skin: healthy or diseased skin (diseased skin exhibits an 

altered lipid composition and organization with the result of reduced barrier 

properties [16]) and 

• the dosing conditions 

o finite/infinite (diffusion conditions differ between finite and infinite dose [24]) 

o occluded/non-occluded (occlusion often enhances stratum corneum 

hydration and permeation [25]). 

1.1.5 The effect of vehicle on skin permeation 

1.1.5.1 Introduction 

It has been recognized that the vehicle in which the permeant is applied to the skin has a 

distinctive effect on skin permeation. Many studies have been performed to investigate the 

vehicle effect on skin penetration; nevertheless, it is not fully understood yet, especially if 

the vehicle is a more complex formulation, e.g. emulsion. Additionally, the task of 

formulating a topical formulation not only includes the optimization for drug delivery but 

also the fulfilment of the requirements for chemical and physical stability, non-toxicity, and 

aesthetic acceptability [26]. 

5 
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The diffusion process of the permeant through the skin is a passive kinetic process and 

Fick's first law (Eq. 1.1) is commonly used to describe the permeation through the skin. 

where J is the steady state flux, D is the diffusion coefficient, cv is the concentration of the 

permeant in the vehicle, K is the partition coefficient of the permeant between the stratum 

corneum and vehicle, h is the diffusional path length and kp is the permeation coefficient of 

the permeant in the stratum corneum. It is deducible from this equation that the flux 

across the skin can be enhanced by increasing the diffusion coefficient, partition 

coefficient and/or the concentration of the permeant in the vehicle. All these parameters 

can be influenced by the vehicle and the interactions that may occur, e.g. interactions 

between the vehicle and active ingredient, interactions between the vehicle and skin, and 

interactions between the active ingredient and the skin (Fig. 1.2) [27]. Moreover, it is likely 

that these interactions might coincide as the vehicle can interact with the active ingredient 

as well as with the skin. 

active 
ingredient 

vehicle < =»• skin 

Fig. 1.2 Interaction between active ingredient, vehicle and skin, redrawn from Ref. [28]. 

In general, by careful selection of the vehicle, the skin penetration of an active ingredient 

can be optimized. However, the potential interactions imply that it will be an unfeasible 

task to find a universal formulation that will possess optimized drug delivery for various 

kinds of active ingredients. Therefore, the development of an optimized vehicle should 

rather be considered for each active ingredient separately. Additionally, the formulator has 

to consider that the composition of the vehicle will change after the application onto the 

skin. For example, volatile components (e.g. water, propylene glycol) of the formulation 

may evaporate, formulation constituents may penetrate into the skin or skin components 

may be extracted into the vehicle. Hence, the skin penetration of active ingredients is 

influenced by a continuous change in equilibrium between active ingredient, vehicle and 

skin. 
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Despite the complexity of the vehicle effect on skin penetration, some general guidelines 

are recognized for enhancing the flux of active ingredients across the skin. It is well known 

that the flux can be optimized by: 

• maximum thermodynamic activity of the permeant in the vehicle 

• supersaturation 

• incorporation of penetration enhancers which can increase the solubility of the 

permeant in the skin or enhance the diffusivity across the skin 

1.1.5.2 Thermodynamic activity 

Thermodynamic activity describes the escaping tendency of the permeant from the 

vehicle into the skin and is the actual driving force for diffusion. The thermodynamic 

activity of a permeant is at unity when the permeant is at its saturation concentration in the 

vehicle. It has been shown that if no interaction occurs between skin and vehicle, the flux 

of a particular active ingredient was the same from different saturated vehicles though the 

concentration of the permeant varied significantly [29-31]. Conversely, in sub-saturated 

vehicles, the thermodynamic activity is reduced and depends on the concentration and 

activity coefficient of the permeant. The correlation between thermodynamic activity and 

concentration is described by Eq. 1.2. 

av = yv cv (1.2) 

where av is the thermodynamic activity, yv is the activity coefficient and cv is the 

concentration of the permeant in the vehicle. In indefinitely diluted solutions, where the 

interaction among the permeant molecules and between permeant and vehicle 

components are negligible, the thermodynamic activity is equal to the concentration. 

However, in more concentrated and complex formulations, the interactions among 

permeant molecules and between permeant and vehicle components are not insignificant 

and the thermodynamic activity of the permeant becomes lower than the actual 

concentration and depends on the activity coefficient yv. By substituting cv in Eq. 1.1 and 

defining the partition coefficient as the quotient between the activity coefficient of the 

permeant in the vehicle and in the skin (K = yv/ys), Eq. 1.3 was derived to describe the 

flux as a function of the thermodynamic activity of the permeant in the vehicle [32]. 

hrs 
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Consequently, solubility is a crucial factor determining the thermodynamic activity. 

Comparing two sub-saturated vehicles, containing the same concentration of an active 

ingredient, the thermodynamic activity of the active ingredient will be higher in the vehicle 

with the lower solubility. If the solubility of the active ingredient in the vehicle is known, the 

escaping tendency (thermodynamic activity) can be predicted from the ratio of 

concentration to solubility of the active ingredient in the vehicle and can be correlated to 

the flux. This correlation is only valid under the prerequisite that no interactions between 

vehicle and skin occur [33]. 

The solubility parameter 5 is one approach to predict the solubility of the permeant in the 

vehicle as well as in the skin and can be used to optimize skin permeation. 6 expresses 

the cohesive forces between like molecules, and the mutual solubility becomes greater 

the closer the 5 values of the two molecules match (e.g. solute and solvent). The solubility 

parameter of porcine skin was predicted to be approximately 10 (cal/cm3)1/2 [34]. 

According to the solubility theory, it was hypothesized that vehicles with a solubility 

parameter similar to the one of the skin enhances the flux of the permeant across skin 

[35,36]. On the other hand, a vehicle with a solubility parameter close to the one of the 

permeant may reduce the partitioning into the skin and therefore decrease the diffusion 

across skin [37-38]. However, using the solubility parameter to decide on a vehicle for an 

active ingredient can only be a first approach as exceptions exist [35] and the 

determination of solubility parameters for more complex vehicles will be complicated. 

1.1.5.3 Supersaturation 

In the previous paragraph it was described that the thermodynamic activity of a permeant 

in saturated vehicles is at unity and therefore the flux of a permeant is the same from 

saturated vehicles. However, with supersaturated vehicles, the thermodynamic activity 

exceeds unity and the flux is increased with increasing degree of saturation [39-41]. As a 

consequence, supersaturation is an approach to optimize dermal and transdermal delivery 

without affecting the barrier properties of the skin [39]. 

Different techniques exist to obtain supersaturated vehicles and they include the method 

of mixed cosolvent systems [39,42], the 'molecular form' technique similar to the cosolvent 

method [43], the evaporation of volatile vehicle components [44-46] and the uptake of 

water from the skin into the formulation [47]. A disadvantage of supersaturated vehicles is 

that they are thermodynamically unstable, because the active ingredient tends to re-

crystallize and that would result in the loss of the permeation enhancement. 

Consequently, the storage of such systems for longer periods of time can be critical and it 

is advisable to form supersaturated systems in situ or prior to application to the skin. 
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Moreover, the addition of anti-nucleating agents can be functional to inhibit re-

crystallization and stabilize the supersaturated vehicle. Polymers, such as 

hydroxypropylmethyl cellulose [48], carboxymethyl cellulose [49], polyvinyl pyrrolidone 

[41] are examples of anti-nucleating agents. Other studies have shown that 

supersaturation and therefore enhanced skin penetration could also be obtained by using 

the amorphous form of the drug [50] or by the formation of inclusion complexes with 

hydroxypropyl-p-cyclodextrin [51] which increased the solubility of the drug. 

1.1.5.4 Penetration modifiers 

1.1.5.4.1 introduction 

The increase of the thermodynamic activity of the active ingredient in the vehicle is one 

approach to enhance dermal and transdermal delivery without influencing the 

physicochemical characteristics of the stratum corneum. However, by changing the 

properties of the stratum corneum, the cutaneous and percutaneous absorption can also 

be enhanced. Physical enhancement methods actively affect the barrier properties or 

circumvent the stratum corneum and include iontophoresis, electroporation, sonophoresis, 

magnetophoresis, microneedles, skin perforation and needleless injection [52]. 

Chemical penetration modifiers affect the skin barrier properties by diffusing into the 

stratum corneum and altering the solubility properties of the skin for the permeant and/or 

disrupting the lipid packing of the stratum corneum. The former results in the change of 

the partition coefficient K between skin and vehicle and the latter influences the diffusion 

process of the permeant through the skin and hence alters the diffusion coefficient D. 

Example of penetration modifiers which act via altering the solubility of the permeant in 

the skin are diethylene glycol monoethyl ether (Transcutol®) and propylene glycol. 

Conversely, oleic acid and laurocapram (Azone®) are known examples of penetration 

modifiers that migrate into intercellular lipid bilayers and alter the order of the lipid packing 

[53-55]. 

However, the modes of action of penetration modifiers are more complex and can include 

interaction with intracellular keratin, modification of the desmosomal connections between 

the corneocytes as well as altering the metabolic activity [56]. These various mechanisms 

(affecting stratum corneum lipids, proteins and/or partitioning behaviour) were outlined in 

the lipid-protein-partitioning theory [57]. 

Here, the term penetration modifier was used instead of penetration enhancer. The 

reason is that a study presented by Michniak-Kohn at the AAPS meeting 2007 (San 

Diego, CA, USA) showed that the effects of penetration enhancers as well as penetration 
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retardants depend on the vehicle. Different vehicles (water, ethanol, propylene glycol and 

polyethylene glycol) were used to incorporate known penetration enhancers (Azone® and 

S,S-dimethyl-A/-(4-bromobenzoyl)iminosulfurane) and penetration retardants (Azone® 

analogue N-0915 and S,S-dimethyl-A/-(2-

methoxycarbonylbenzenesulfonyl)iminosulfurane). The enhancing and retardant effect of 

these compounds has been described in literature [58,59]. Depending on the vehicle, the 

penetration of a model drug was enhanced or retarded by the penetration enhancers and 

vice versa. Therefore, the term penetration modifier might be more appropriate as 

enhancement or retardation can occur due to the vehicle effect. 

1.1.5.4.2 Water 

Water and surfactants are common constituents in cosmetic and pharmaceutical 

formulations and they also play an important role in penetration enhancement. Water is 

well known for its skin penetration enhancement. The increase in water content in the 

stratum corneum (skin hydration) generally results in an increase in transdermal delivery 

of both hydrophilic and lipophilic permeants [60]. Pharmaceutical and cosmetic 

formulations may increase skin hydration by either occlusion (ointments, w/o emulsions) 

or by providing water from the vehicle to the stratum corneum (o/w emulsions). On the 

other hand, other vehicle constituents are hygroscopic (glycerol) and hence may decrease 

the water content of the skin [61] with the result of penetration retardation. However, one 

should be careful with a generalization as it has also been reported that occlusion does 

not necessarily enhance transdermal delivery of hydrophilic compounds [62] and the 

mechanisms of how water acts as penetration enhancer are not fully understood yet [56]. 

1.1.5.4.3 Surfactants 

Surfactants are of amphiphilic nature consisting of a hydrophobic 'tail' and a hydrophilic 

'head'. They are used in formulations as emulsifiers, wetting agents and solubilizers and 

are classified into cationic (e.g. cetyltrimethyl ammonium bromide and benzalkonium 

chloride), anionic (e.g. sodium dodecyl sulfate and fatty acid salts), nonionic (e.g. alkyl 

poly(ethylene oxide), poloxamers and fatty alcohols) and zwitterionic surfactants (e.g. 

dodecyl betaine). 

Surfactants are known to irritate the skin. The application of surfactants may lead to 

inflammation induced by the direct interaction of the surfactants with epidermal 

keratinocytes which results in the activation of the keratinocytes and the release of 

cytokines [63]. Moreover, protein denaturation [64] and swelling of the stratum corneum 

are also caused by the interaction of surfactants with keratin [65]. In addition to their 
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irritant potential, surfactants may also deplete intercellular lipids from the stratum corneum 

resulting in the dehydration of the stratum corneum [66] and the different effects of 

surfactants on the skin (inflammation, direct cytotoxic effects, lipid extraction) can impair 

the skin barrier function [67]. 

The effect of surfactants on skin permeation depends on the type and the concentration of 

the surfactants, e.g. the permeation of diazepam across rat skin was more enhanced by 

the ionic surfactants than by the nonionic surfactant and the enhancement ratio increased 

with an increasing surfactant concentration in the water-propylene glycol vehicle [68]. In 

contrast, the incorporation of nonionic surfactants (polyoxyethylene nonylphenyl ether) in 

an aqueous solution reduced the skin permeation of benzocaine and the flux of 

benzocaine was inversely related to the surfactant concentration. This result was 

attributed to the solubilization of benzocaine in surfactant micelles as the flux was 

proportional to the concentration of free benzocaine (not solubilized in micelles) in the 

vehicle [69]. 

It was stated earlier already that surfactants exhibit a biphasic concentration effect; the 

percutaneous absorption is increased at low surfactant concentrations (below critical 

micelle concentration, CMC), whereas the absorption is decreased at higher 

concentrations (above CMC) [70]. This was attributed to two opposing effects of the 

surfactants on skin permeation. They can interact with the skin disrupting the skin barrier 

(predominantly at lower concentrations); however, surfactants can also interact with the 

permeant, e.g. solubilizing the permeant in micelles and therefore decreasing the 

thermodynamic activity in the vehicle [71]. 

This is in accordance to another study from Sarpotdar & Zatz [72] investigating the effect 

of vehicle composition on the critical micelle concentration (CMC) of two nonionic 

surfactants (polysorbate 20 and polysorbate 60) and determining the influence of the 

concentration of surfactant monomers (or CMC) on the percutaneous absorption of 

lidocaine. They found that with a high concentration of propylene glycol in the vehicle, the 

CMC increased as well as the permeation if lidocaine. It is assumed that only the 

surfactant monomer is capable of penetrating the skin and therefore the higher 

concentration of surfactant monomers (at higher CMC) in the vehicle, due to the addition 

of propylene glycol, could explain the enhancement in permeation of lidocaine. 

These examples showed that the effect of surfactants on permeation does not only 

depend on the type and concentration of the surfactant, but also on the vehicle. 
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1.2 Cosmetic and pharmaceutical formulations 

1.2.1 Introduction 

Cosmetic and pharmaceutical formulations for topical application are multifaceted and can 

range from simple liquids, e.g. aqueous solutions and suspensions, to semisolids, e.g. 

gels, emulsions and ointments, to solid systems, e.g. powders and transdermal patches 

[73]. This review will focus on the topical application of emulsions and their effect on 

cutaneous and percutaneous absorption. Emulsions are widely used as cosmetic and 

pharmaceutical formulations because of their excellent solubilizing properties for lipophilic 

and hydrophilic active ingredients and good end-user acceptability because of the 

pleasant skin sensory characteristics [74]. 

1.2.2 Emulsions 

1.2.2.1 Introduction 

Depending on the consistency, emulsions can range from liquid formulations (lotions) to 

semisolid formulations (creams). They are heterogeneous systems comprising at least 

two immiscible liquid phases where one liquid is dispersed as globules (dispersed phase) 

in the other liquid (continuous phase). If the oil phase is dispersed in the water phase, it is 

termed an oil-in-water (o/w) emulsion. Conversely, a water-in-oil (w/o) emulsion consists 

of a water phase dispersed in an oily continuous phase. Which type of emulsion is formed 

depends mainly on the type of emulsifiers which is characterized by the hydrophilic-

lipophilic balance (HLB). The HLB is a scale from 1 to 20 and the higher the HLB, the 

more hydrophilic is the surface active agent. According to the Bancroft rule, the phase in 

which the emulsifier dissolves better constitutes the continuous phase. However, a 

change in the Bancroft rule was suggested by Harusawa et al. [75] proposing that the 

phase in which the surfactant forms micelles constitutes the external phase independently 

of the solubility of the surfactant monomers in oil and aqueous phase. 

In addition to simple emulsions, multiple emulsions can be formed. Multiple emulsions 

consist either of oil globules dispersed in water globules in an oily continuous phase 

(o/w/o) or of water globules dispersed in oil globules in a continuous water phase (w/o/w). 

The size of the globules of the dispersed phase in emulsions can range between 0.15 -

100 urn [76]. Moreover, emulsions, in contrast to microemulsions, are thermodynamically 

unstable and necessitate the incorporation of emulsifiers for prolonged stabilization. 
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1.2.2.2 Emulsifiers 

An emulsifying agent is a substance which stabilizes the emulsion. However, it should be 

kept in mind that no absolute classification exists as some constituents can comprise 

different functions [77], e.g. triethanolamine is used as emulsifier, thickener and emollient. 

There are different types of emulsifying agents, including surfactants, polymers, proteins 

(gelatin) and finely divided solid particles (bentonite). What is common for all of the 

different emulsifiers is that they prevent the coalescence of droplets of the dispersed 

phase. However, the method of stabilization varies, e.g. reduction of interfacial tension 

and therefore reduced tendency for coalescence (surfactant), steric hindrance by 

formation of a film at the oil-water interface (surfactant, polymer, fine particles), 

electrostatic repulsion in the presence of a surface charge (ionic surfactant) and/or the 

viscosity increase of the continuous phase (polymers, gel forming surfactants) [78]. 

Instead of using a single emulsifying agent, it is common practice to use blends of 

emulsifiers in the formation of cosmetic and pharmaceutical emulsions. Most of these 

mixed emulsifiers consist of ionic or nonionic surfactants and fatty amphiphiles which can 

be added separately during the emulsification process or as a pre-manufactured blend 

(emulsifying wax) [77]. Some examples of emulsifier combinations are given in Table 1.1. 

Table 1.1. Examples of emulsifier combinations. 

Emulsifier combination Reference 
Cetearyl glucoside/Cetearyl alcohol [79,80] 

Sucrose cocoate/Sorbitan stearate [80,81] 

Cetrirnide/Cetostearyl alcohol [82,83] 

Cetomacrogol/Cetostearyl alcohol [84,85] 

Steareth-2/Steareth-21 [86] 

Synperonic PE/F127 (block copolymer of ethylene oxide and propylene 
oxide)/Hypermer A60 (modified polyester) 

[87,88] 

Isostearic acid/Triethanolamine [89] 

Cetylstearyl alcohol/Cetylstearyl alcohol sulphate (Emulsifying wax DAB 8) [90] 

Lecithin (mixture of phospholipids, e.g. phosphatidylcholine, 
phosphatidylethanolamine, phosphatidylinositol) 

[91] 

Cetostearyl alcohol/Sodium lauryl sulphate (Emulsifying Wax BP) [92] 

Cetostearyl alcohol/Polyoxyethylene alkyl ether [93] 

Polysorbate 60/Sorbitan monostearate [94] 

In addition to promote stability of the emulsions, mixed emulsifiers and emulsifying waxes 

have further functions, e.g. enhancing emulsification during the manufacturing of the 
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emulsions by stabilizing the oil droplets and controlling the Theological properties of the 

formulation [77]. 

1.2.3 Amphiphilic association structures 

1.2.3.1 Introduction 

Because of the amphiphilic molecular structure of surfactants, they have the tendency to 

aggregate and to form amphiphilic association structures, e.g. micelles and lyotropic liquid 

crystals in the aqueous or oily phase [95]. These association structures can also be 

formed in emulsions in an excess of surfactant molecules when more surfactant is present 

as needed to build-up the monolayer at the water-oil interphase. Two different groups of 

amphiphilic association structures can be distinguished. Micelles and vesicles are formed 

in solutions which appear isotropic and translucent; whereas lyotropic liquid crystals form 

a separate phase [76] and most of them exhibit optical anisotropy. 

When talking about the lamellar phase in emulsions, it is to distinguish between the liquid 

crystalline phase and the gel phase. In the gel phase, also called the ordered state, the 

hydrocarbon chains are closely packed and exist in a crystalline form, whereas above the 

transition temperature the hydrocarbon chains melt and a disordered, liquid-like state is 

obtained. This disordered phase above the transition temperature is called the liquid 

crystalline phase [96]. 

1.2.3.2 Liquid crystals 

Liquid crystals are intermediate substances between liquid and solid state, as they exhibit 

properties of both states. For example, liquid crystals have the ability to flow (liquid state 

property), and their molecules show some positional and orientational order similar to the 

crystalline state and therefore exhibit optic anisotropy (solid state property). Liquid 

crystalline phases are also called mesophases and accordingly, molecules that are able to 

form liquid crystalline phases are termed mesogens. Depending on whether the phase 

transition into the liquid crystalline state is caused by temperature or by adding a solvent, 

it is distinguished between thermotropic and lyotropic liquid crystals [97]. Since solvents 

are present in emulsions, the formation of the latter is of importance in cosmetic and 

pharmaceutical emulsions. Therefore, only lyotropic liquid crystals are discussed further. 

1.2.3.3 Lyotropic liquid crystals 

Surfactants and polar lipids are amphiphilic compounds which form lyotropic liquid crystals 

in the presence of water [98]. The three typical lyotropic liquid crystals are lamellar 
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(lamella unit), hexagonal (cylindrical unit) and cubic (spherical unit) and they are illustrated 

in Figure 1.3. 

Increase in concentration of amphiphilic molecules 

Fig. 1.3 Schematic illustration of typical lyotropic liquid crystals: (a) cubic phase, (b) 

hexagonal phase and (c) lamellar phase. 

According to thermodynamics, micelles are always favoured. However, the self assembly 

of amphiphilic compounds to thermodynamically disfavoured structures such as the 

hexagonal and lamellar phase was explained by geometric limitations which restrict the 

shape of micelles beyond a critical aggregation number [99]. The amphiphilic association 

structure was related to the geometry of the amphiphilic molecule and the critical packing 

parameter P was expressed according to Eq. 1.4. 

la 
(1.4) 

where v is the volume of the hydrocarbon chain, a is the cross-sectional area of the head 

group and lc is the critical length of the hydrocarbon chain. P values below 1/3 are 

associated with the formation of spheres such as micelles and the cubic phase. With P 

values between V3 and Vz, packing into cylinders (hexagonal phase) and with P values 

between Vi and 1, packing into bilayers (lamellar phase) is obtained. Therefore, with 

increasing concentration of amphiphilic molecules, transition occurs from cubic phase to 

hexagonal phase to lamellar phase (Fig. 1.3). Depending on the lipophilicity of the solvent 

and the hydrophilic-lipophilic balance (HLB) of the amphiphilic compound, hexagonal 

(more hydrophilic) or inverse hexagonal phase (more lipophilic) can occur [97]. The same 

applies to the spheres, e.g. micelles and inverse micelles. 
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1.2.4 Amphiphilic association structures in emulsions 

The occurrence of a liquid crystal as third phase in the emulsion increases the viscosity 

and stability of the emulsion [98]. There are different modes of action. The liquid 

crystalline phase (e.g. several surfactant bilayers) can surround the dispersed droplets 

and act as a barrier against coalescence and/or can extent as a three-dimensional 

network into the continuous phase and reduce the mobility of the emulsion droplets [100]. 

Additionally, it was found that the adsorption of liquid crystals at the oil-water interface 

considerably reduced the van der Waals attraction forces needed for coalescence, 

therefore protecting emulsions against coalescence [101]. 

The liquid crystalline phases in emulsions are not only consisting of the surfactant 

molecules, but can also incorporate water, oil as well as drug [76]. The entrapment of 

water leads to the differentiation between interlamellarly fixed (bound) and bulk (free) 

water. The appearance of interlamellarly fixed water in liquid crystal containing emulsions 

may provide prolonged skin hydration with a possible enhancement of skin penetration 

[79,102]. Santos et al. [103] stated that the transepidermal water loss (TEWL) was 

reduced by the application of o/w emulsions with liquid crystals compared with emulsions 

without liquid crystals. 

On the other hand, drug can also interact with liquid crystals and can be incorporated in 

the polar or nonpolar layers depending on the lipophilicity of the drug. Another possibility 

than the incorporation of the drug in the layers is the lateral inclusion between the 

surfactant molecules. The incorporation of a drug into liquid crystals can increase its 

solubility [104] as well as affect the packing parameter of the surfactant molecules with the 

consequence of a phase transition [97]. Moreover, phase transition may result in a change 

of important properties of the vehicle, i.e. rheological behaviour, stability, solubility and 

release [105,106]. 

1.3 Dermal and transdermal delivery from emulsions 

1.3.1 Introduction 

Many studies have been performed to investigate the effect of various formulations, 

including emulsions, on dermal and transdermal delivery. Emulsions have been compared 

with e.g. ointments, microemulsions, aqueous suspensions, liposome formulations and 

gels. From these studies it is very difficult to draw general conclusions because the 

various emulsions differed in their composition as well as physicochemical properties. 

Additionally, different drugs were included, different control formulations were used and 
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the experimental setup varied (type of skin, amount of donor phase, different receptor 

phases, occluded vs. unoccluded conditions, etc.). All these factors will influence the skin 

penetration and permeation as well as the interpretation of the experimental data. 

Therefore, a more systematic approach is preferred to develop an understanding of how 

dermal and transdermal delivery is affected by emulsions. Other research groups have 

performed studies to investigate the effect of some emulsion properties (e.g. type of 

emulsion, emollient, emulsifier and lamellar liquid crystal structure, droplet size) on 

cutaneous and percutaneous absorption and this will be illustrated in more detail. 

1.3.2 Type of emulsion 

It was for a long time presumed that the penetration of an active ingredient is higher when 

it is dissolved in the continuous phase of the emulsion [107]. For example, the dermal 

delivery of the lipophilic sunscreen agent, ethylhexyl methoxycinnamate, was higher from 

the w/o emulsion than from the o/w emulsion most probably due to the occlusion effect of 

the oily vehicle [108]. But other studies have shown a discrepancy. It was observed by Dal 

Pozzo & Pastori [109] that the skin permeation of lipophilic parabens was enhanced from 

o/w emulsions compared with the w/o emulsion. This was explained by a higher affinity of 

the parabens for the vehicle than for the stratum corneum in case of the w/o emulsion. 

Another study performed by Wiechers [107] investigated the effect of formulations on the 

dermal and transdermal delivery of various drugs with different lipophilicities. 

Unexpectedly, the transdermal delivery of the various compounds was similar from the 

o/w and w/o emulsions, whereas the dermal delivery was higher from the emulsion where 

the drug was incorporated in the dispersed phase. Hence, the problem is more complex 

and a systematic approach is advantageous. 

Several studies using different active ingredients have been performed to compare 

different types of emulsions (o/w, w/o and w/o/w) with identical composition. This allowed 

the investigation of only the effect of the type of emulsion without the influence of different 

formulation ingredients. For glucose and lactic acid, which are examples of water-soluble 

compounds, it was found that the skin uptake of both compounds as well as the flux of 

glucose across skin was in the following order: o/w > w/o/w > w/o [88,110]. The dosing 

condition did not change the effect of the type of emulsion on the transdermal delivery of 

glucose as the rank order of the emulsions was the same for unoccluded finite dose and 

occluded infinite dose [111]. The higher skin uptake as well as flux from the o/w emulsion 

compared with the w/o/w emulsion was explained by a higher concentration of glucose 

and lactic acid in the external phase of the o/w emulsion. Moreover, an increase in the 

hydration level of the stratum corneum due to the exposure to the external aqueous phase 
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could have been another reason for enhanced skin penetration of the hydrophilic 

compounds. On the contrary, the lower skin penetration from the w/o emulsion compared 

with the o/w emulsion was explained by a change in the partition coefficient between 

vehicle and stratum corneum. 

In the case of metronidazole, a model compound with intermediate polarity, the rank order 

of the emulsions differed between finite and infinite dosing. After infinite dose application, 

the steady state flux from the o/w and w/o/w emulsion was similar but both were higher 

than from the w/o emulsion [112]. In contrast, after finite dose application, the 

percutaneous absorption was similar for the three emulsions and was related to the rate of 

water loss during application [87]. The differences in behaviour for metronidazole and 

glucose might be the rate and extent of partitioning of the compounds between the 

aqueous and oily phase of the emulsions. 

A study from Lalor et al. [113] exhibited that the emulsifier (surfactant) and its distribution 

between oil and water phase played an important role in the thermodynamic activity of the 

permeants in the vehicle. For example, Tween 60, the surfactant used in the o/w 

emulsion, is mainly distributed into the aqueous phase of the emulsion, where it 

aggregated into micelles and solubilized the three test permeants, methyl, ethyl and butyl 

p-aminobenzoate, thereby reducing the thermodynamic activity. However, the solubility of 

the three compounds in the oil phase of the same o/w emulsion was similar to the 

solubility in the oil without surfactant indicating no solubilizing effect of the emulsifier in the 

oil phase of the o/w emulsion. Similar results were obtained with the w/o emulsion where 

the emulsifier Arlacel 83 was nearly entirely distributed into the oil phase of the emulsion 

and the aqueous phase was, in effect, free of the emulsifier. This yielded no solubility 

increase in the aqueous phase compared to water, but the solubility of each compound 

was increased in the oil phase due to the formation of inverse micelles. Furthermore, the 

study revealed that the thermodynamic activity of the compounds in the external phase of 

the emulsions was the driving force for permeation through the polydimethylsiloxane 

membrane as the permeability coefficients were similar for the intact emulsion and the 

corresponding isolated, external phase. 

1.3.3 Emollients 

In cosmetics, an emollient is defined as any substance that can soften the skin and 

protect it from dryness. It is usually oil which prevents water loss from the skin. Wiechers 

et al. [114] introduced a method, called formulating for efficacy, for selecting the 

appropriate emollients to optimize skin delivery from emulsions. The formulation should be 

designed in such a way that the active ingredient is incorporated at a concentration close 
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to solubility (maximum thermodynamic activity) but the solubility in the formulation should 

be much lower than the solubility in the stratum corneum to maximize the partition 

coefficient K between stratum corneum and formulation. 

Therefore, the polarity of the formulation has to be considered and the relative polarity 

index (RPI) was established which is based on the octanol-water partition coefficient 

(K0/w)- The RPI compares the polarity of the active ingredient relative to the polarity of the 

stratum corneum and the polarity of the emollient. In case of an emulsion, the concept of 

the RPI is employed for the phase in which the active ingredient is dissolved. The larger 

the polarity differences between formulation and active ingredient, the greater the driving 

force for partitioning into the skin; however, at the same time the solubility of the active 

ingredient in the formulation decreases. 

To find the appropriate emollients for the formulation, it is recommended as a first step to 

identify the primary emollient (in case of a lipophilic active) or water-miscible solvent (in 

case of a hydrophilic active) for which the RPI of the emollient-active ingredient 

combination is very small. This will ensure a good solubility of the active ingredient in the 

primary emollient. The second step consists of selecting the secondary emollient or 

solvent with a high RPI value so as to reduce and adjust the solubility of the formulation 

just above the preferred concentration of the active ingredient in the formulation. The 

reduction of the solubility will increase the driving force for penetration into the skin. This 

approach was used to prepare a delivery-optimized emulsion for octadecenedioic acid 

which was compared with a non-optimized emulsion. It was shown that dermal and 

transdermal delivery could be enhanced using the delivery-optimized formulation. 

1.3.4 Penetration modifiers in emulsions 

This section of penetration modifiers in emulsions is discussed as a separate paragraph, 

though some known penetration modifiers, e.g. propylene glycol and isopropyl myristate, 

are commonly used as emollients and solvents in cosmetic emulsions. Therefore, this 

section is an addition to the previously discussed paragraph of the effect of emollients on 

dermal and transdermal delivery. 

The incorporation of various polyalcohols (propylene glycol, glycerol and 1,2-butylene 

glycol) into emulsions revealed that they could enhance skin permeation of rutin and 

quercetin with the exception of 1,2-butylene glycol in the case of quercetin. Furthermore, 

the permeation enhancement was influenced by the concentration of propylene glycol in 

the emulsion [115]. 
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Sah et al. [88] investigated the effect of the inclusion of 5% propylene glycol into an o/w 

emulsion on the skin penetration of lactic acid. They found that the enhancement ratio 

(dermal and transdermal delivery) due to propylene glycol was much higher after the 

infinite dose application compared with the finite dose application where only the delivery 

of lactic acid into the epidermis was significantly enhanced. The higher efficiency of 

propylene glycol in the infinite dose situation was attributed to the higher amount of 

loading of the penetration modifier onto the skin. 

Another study conducted by Ayub et al. [116] evaluated the skin penetration and 

permeation of fluconazole from emulsions containing different penetration modifiers 

(isopropyl myristate, propylene glycol and diethylene glycol monoethyl ether). 

Transdermal delivery across mouse skin was increased from emulsions containing 

isopropyl myristate as oil phase in comparison with paraffin oil. Additionally, propylene 

glycol could enhance permeation more than diethylene glycol monoethyl ether, 

independently of the oil phase (isopropyl myristate or paraffin oil). The skin penetration 

data, conversely, were different from the permeation data and the emulsion containing 

paraffin oil and propylene glycol exhibited the highest skin accumulation. However, no 

differences in skin penetration and permeation were found after application of the various 

emulsions onto pig skin emphasizing the influence of skin from different species on 

dermal and transdermal delivery. 

These examples substantiate the fact that emulsion constituents such as emollients and 

solvents must be selected carefully for optimal efficiency of the formulation and that the 

incorporation of a so called penetration enhancer not necessarily enhances skin 

penetration. 

1.3.5 Emulsifier 

It was already mentioned before that the emulsifier and its distribution between the oil and 

water phase in the emulsion is a key factor for the release of the active ingredients. 

Moreover, it has been shown that the effect of the surfactant on skin penetration depends 

on the formulation in which it is incorporated. 

Few studies have focused on the effect of emulsifiers on skin penetration using the same 

oil and aqueous phase for the emulsion. Oborska et al. [115] incorporated three different 

polyoxyethylene cetostearyl ethers of various oxyethylene chain lengths (12, 20 and 30) 

into o/w emulsions and investigated the effect on the permeation of quercetin and rutin 

through a liposome model membrane. It was found that with increasing length of 

oxyethylene chain the permeability coefficients of both permeants decreased which was 

more pronounced for rutin. 
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Another study by Montenegro and coworkers [117] was focused on the effect of various 

silicone emulsifiers. The incorporation of these silicone emulsifiers in the same type of 

emulsion resulted in different skin permeation of ethylhexyl methoxycinnamate, whereas 

the percutaneous absorption of butylmethoxydibenzoylmethane was not significantly 

affected. Though the inclusion of different silicone emulsifiers altered the viscosity of the 

vehicles as well as the release of the active ingredients, these factors could not be related 

to the modification in permeation. It was assumed that other factors, e.g. change of the 

thermodynamic activity in the vehicle and modification of the interaction between 

permeant and emulsion components, could account for the different effects of the 

emulsifier on skin permeation. 

Wiechers et al. [114] suggested that the emulsifier system might influence the distribution 

of the active ingredient within the skin. Emulsions with octadecenedioic acid were 

prepared according to the method of formulating for efficacy which contained the same 

emollients but different emulsifiers (steareth-2/steareth-21 versus sorbitan 

stearate/sucrose cocoate). Permeation studies resulted in similar total skin absorption 

(dermal + transdermal delivery); however, the distribution between dermal and 

transdermal delivery was changed. The emulsion with the emulsifier system sorbitan 

stearate/sucrose cocoate exhibited a higher transdermal but lower dermal delivery of 

octadecenedioic acid when compared with the emulsion with steareth-2/steareth-21. 

1.3.6 Lamellar liquid crystal structure in emulsions 

When investigating the effect of emulsifiers, it is also of relevance to consider the 

emulsion structure as amphiphilic molecules may form liquid crystalline phases in the 

emulsions. 

A study to evaluate the influence of surfactant organization in emulsions on percutaneous 

absorption was carried out by Brinon et al. [86]. They prepared different o/w emulsions 

which only varied in the emulsifier system and hence in the structure. Permeation 

experiments revealed that the emulsions with lamellar liquid crystals in the aqueous phase 

(triethanolamine stearate, sorbitan stearate/sucrose cocoate and steareth-2/-21) obtained 

higher flux values of benzophenone-4 compared with the emulsions without lamellar liquid 

crystals (polysorbate 60, poloxamer 407, acrylates/C10-3o alkyl acrylate crosspolymer). 

Moreover, the highest flux was found for the emulsion with the anionic surfactant, 

triethanolamine stearate. It was hypothesized that modified interactions between 

surfactants and permeant might have influenced the interactions between surfactants and 

stratum corneum. Furthermore, the partitioning into skin could have been affected as with 

the emulsions without liquid crystals, partitioning could occur between the aqueous phase 
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and the stratum corneum, whereas with the emulsions possessing liquid crystals, a 

modified partitioning could take place between the liquid crystal phase and the stratum 

corneum. 

Wiechers et al. [118] obtained similar results. In their study, a hydrophilic 

(propagermanium) and a lipophilic (octadecenedioic acid) model compound were included 

and it was found that the effect of the emulsion structure was different for these two active 

ingredients. The emulsion with liquid crystalline structure enhanced the transdermal 

delivery of octadecenedioic acid, whereas in case of propagermanium, the dermal delivery 

was increased. It was postulated that due to slower water evaporation from liquid crystals, 

the emulsion containing a liquid crystalline phase could increase skin hydration as well as 

maintain the hydrophilic active ingredient longer solubilized in the vehicle which could 

favour skin penetration. Additionally, the interaction between the liquid crystalline phase of 

the emulsion and the intercellular skin lipids yielding a more fluid, permeable lipid packing 

of the stratum corneum could be another explanation for the enhanced percutaneous 

absorption of octadecenedioic acid. 

Since emulsions are multiphase systems, Swarbrick & Siverly [119,120] used a more 

systematic approach to investigate the effect of liquid crystalline phases on percutaneous 

absorption. They constructed a phase diagram of polyoxyethylene(20)cetyl ether, 

dodecanol and water and decided on a two-phase region of an aqueous isotropic micellar 

solution and a liquid crystalline phase to prepare vehicles of these two phases in different 

ratios [119]. Subsequent permeation studies revealed that the percutaneous absorption of 

proxicromil was a function of the percentage of liquid crystalline phase in the vehicle. The 

proxicromil flux increased with increasing concentration of liquid crystalline phase in the 

vehicle up to 5-10%, while with a further increase in the percentage of liquid crystalline 

phase in the vehicle the flux declined significantly [120]. 

1.3.7 Monophasic systems oflyotropic liquid crystals 

Another approach to obtain more knowledge about the effect of surfactant organization on 

skin penetration is the investigation of monophasic systems of lyotropic liquid crystals 

because with the application of only a monophasic system, the situation is somewhat 

simplified. 

Brinon et al. [121] studied three different liquid crystalline phases (lamellar, hexagonal and 

cubic) of polyoxyethylene(4) lauryl ether and polyoxyethylene(23) lauryl ether in water and 

their effect on transdermal delivery of a lipophilic (ethylhexyl methoxycinnamate) as well 

as a hydrophilic sunscreen agent (benzophenone-4). The flux of ethylhexyl 

methoxycinnamate across the skin was similar for all liquid crystalline phases. However, 
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the percutaneous absorption of benzophenone-4 from the various liquid crystalline phases 

differed and was higher from the lamellar phase compared with the hexagonal and cubic 

phases. Furthermore, the diffusion coefficients of both permeants in the skin as well as in 

the vehicles were determined and compared. It was concluded that the diffusion in the 

skin was the rate-limiting step for permeation across skin. The permeation data could not 

be correlated to the transport kinetics within the vehicles which were dependent on the 

structure of the liquid crystals and the physicochemical properties of the sunscreens. 

In contrast, Gabboun and coworkers [122] came to a different conclusion after 

determining the skin permeation of salicylic acid, diclofenac acid, diclofenac diethylamine 

and diclofenac sodium from different liquid crystalline phases (lamellar and hexagonal) as 

well as isotropic solution of the surfactant polyoxyethylene (20) isohexadecyl ether. They 

assumed that the diffusion within the donor vehicle was the rate-determining step in skin 

permeation. The study revealed that with increasing concentration of the surfactant, the 

vehicle structure changed from isotropic to lamellar to hexagonal phases. During the first 

phase transition (isotropic to lamellar), the flux of all the permeants decreased except for 

the flux of diclofenac sodium, which was almost the same. The decrease in flux was 

explained by the additional constraints on the movement of the drug molecules in the 

vehicle. After the phase transition from the lamellar phase to the hexagonal phase, the 

modification in percutaneous absorption was different for the various drugs and was 

attributed to the differences in physicochemical properties of the permeants and their 

interaction with the vehicle. 

Incorporation of a penetration modifier, isopropyl myristate, into lamellar liquid crystals of 

lecithin and water resulted in phase transition and consequently in a change of the 

permeation behaviour of a model drug, fenoprofen acid [123]. The reversed hexagonal 

liquid crystal vehicles containing different amounts of isopropyl myristate exhibited minor 

differences in skin permeability; however, by changing the colloidal structure in the vehicle 

into a micellar solution, the permeation was significantly enhanced. It was postulated that 

the phase transition from a hexagonal phase into a micellar solution increased 

considerably the number of thermodynamically active modifier molecules as they are less 

bound in the micellar phase. Therefore, the effect of a penetration modifier is also 

dependent on its incorporation into the microstructure of the vehicle [123]. 

Another approach is to use a penetration modifier as the structure-forming constituent 

(mesogen). For example, liquid crystalline phases of the lipid monoolein have been 

demonstrated to be suitable topical drug delivery systems. The cubic and hexagonal 

phases of monoolein have been shown to enhance skin penetration of cyclosporine A, 6~-

aminolevulinic acid and vitamin K [124-126]. 
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The study from Lopes et al. [125] was especially of interest; because it was shown that 

depending on the concentration of cyclosporin A, different mesophases (reverse cubic 

and reverse hexagonal phases) were obtained which resulted in different dermal and 

transdermal delivery. The cubic phase enhanced significantly the retention of the drug in 

the upper layer of the skin (stratum corneum), whereas the hexagonal phase favoured the 

penetration into deeper layers of the skin (epidermis + derrnis) as well as the 

percutaneous absorption. 

A novel method was used by Namdeo & Jain [127] to formulate a liquid crystalline 

pharmacogel for enhanced transdermal delivery of propranolol hydrochloride (propranolol 

HCI). The key was that the lamellar liquid crystal was formed by the prodrugs, propranolol 

palmitate HCI and propranolol stearate HCI, which were comprised of the drug conjugated 

with fatty acids. These prodrugs exposed amphiphilic properties and could self-assemble 

into liquid crystals after the addition of water and ethanol. The liquid crystalline 

pharmacogel enhanced percutaneous absorption considerably compared with the control 

vehicle which was the drug incorporated into carbopol gel. The partitioning was increased 

and the lag time reduced after application of the pharmacogel. Furthermore, the 

incorporation of the free fatty acids, palmitic acid or stearic acid (which could enhance 

permeation), into the control vehicle could not obtain an enhancement ratio close to the 

one obtained with the pharmacogel. 

1.3.8 Droplet size 

Some studies indicated that skin penetration is dependent on the droplet size in the 

emulsion as skin penetration was higher from emulsions with smaller droplets [128,129]. 

However, a problem with most of these comparison studies is that the formulations also 

differ in their composition and therefore, it is difficult to subtract the pure effect of the 

droplet size. For example, percutaneous absorption from a microemulsion might not only 

be enhanced because of smaller droplet sizes but also due to a higher amount of 

surfactants and a larger concentration gradient provided by the higher solubilization 

capacity of the microemulsion [130]. 

A more systematic study has been performed by Izquierdo et al. [131] to investigate the 

effect of droplet size on dermal and transdermal delivery of tetracaine. Two sets of 

emulsions were incorporated into this study: one set of emulsions with identical 

composition but different droplet sizes and another set of emulsions with constant 

surfactant concentration in the aqueous phase but different overall surfactant 

concentration and droplet size. Interestingly, no correlation could be found between the 

droplet size and the dermal as well as transdermal delivery. 
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1.3.9 The fate of emulsions after application onto the skin 

For understanding the influence of emulsion on dermal and transdermal delivery, it is 

essential to consider the behaviour of the formulation after application. During the 

application of an emulsion onto the skin, volatile components evaporate and therefore, 

phase transitions, inversion, flocculation and coalescence might occur [132]. The change 

in composition is defined by the relative vapour pressure of the oil and water phase and 

can be studied with the aid of phase diagrams [76]. 

Phase changes and inversion during evaporation affect the evaporation rate in turn. For 

example, during evaporation of water from the o/w emulsion with hexadecane as oil 

phase, the evaporation rate changed abruptly at the inversion to a w/o emulsion. In 

contrast, the evaporation rate decreased gradually from the w/o emulsion [132]. 

Evaporation rate was also reduced when the bound water in the lamellar phase was 

removed [96] or a lamellar phase in the o/w emulsion appeared [89]. The results indicated 

a relation between the mesomorphic structure and the corresponding evaporation rate 

[89]. 

Additionally, it is of interest to determine the vehicle structure of the remaining formulation 

after completion of evaporation as the remaining film is important in the influence on skin 

penetration. Evaporation studies on emulsions of vegetable oil and a mixture of steareth-

2/ceteareth-20 showed a change in the organization of the liquid crystalline phase during 

the evaporation of water. Moreover, lamellar phases were still observed after all the water 

was removed [133]. 

An interesting study by Friberg & Brin [91] demonstrated that during evaporation of water 

from an oil-in-water emulsion composed of 3% vitamin E acetate, 17% lecithin and 80% 

water, vitamin E acetate was gradually absorbed into the lamellar liquid crystalline phase 

of the emulsion. The residual film left on the skin would be the lamellar liquid crystal 

containing the vitamin E acetate homogenously distributed with a thermodynamic activity 

similar to or higher than that of pure vitamin E acetate. Depending on the relative vapour 

pressure of the oil and water, the composition during and after evaporation varies. For 

example, oil containing inverse micelles of surfactant, aqueous micellar solution or 

lamellar liquid crystals could be found to be present during or after evaporation. These 

different compositions will interact differently with the stratum corneum with liquid crystals 

being less interactive with the lipid order of the stratum corneum than a micellar oil or 

water solution [76]. 
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1.4 Concluding remarks 

Emulsions have been shown to be appropriate delivery vehicles for active ingredients. 

However, the results varied for different emulsion systems and active ingredients. The 

extraordinary complexity of these vehicles, involving different interactions between various 

emulsion constituents, complicates the understanding of the effect of emulsions on dermal 

and transdermal delivery. Some studies with a more systematic approach provided little 

insight in e.g. the effect of the type of emulsion, the effect of droplet size and the influence 

of the emollient on skin penetration. In addition, some studies showed that the type of 

emulsifier could also affect dermal and transdermal delivery which could be related to the 

modification of the vehicle structure. 
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Abstract 

A sensitive and accurate gas chromatographic-mass spectrometric (GC-MS) method has 

been developed for the quantitative determination of salicylic acid (SA) and hydroquinone 

(HQ) from human skin samples and cosmetic emulsions. Deuterium labeled SA-d6 and 

HQ-d6 were used as internal standards (IS). The samples were extracted with methanol, 

dried under nitrogen and derivatized with /V,0-bis(trimethylsilyl)trifluoroacetamide 

(BSTFA) + 1% trimethylchlorosilane (TMCS). Quantification was performed in SIM mode 

with a limit of quantification (LOQ) of 50 ng ml"1 for SA and 10 ng ml"1 for HQ. The inter-

day variation (R.S.D.) was less than 5% and the accuracy was better than 13.3% for both 

compounds. The recoveries from the different matrices ranged between 93.1-103.3% for 

SA and 97.3-100.8% for HQ. 

Keywords: hydroquinone, salicylic acid, GC-MS, BSTFA, skin penetration, emulsion 
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2.1 Introduction 

Salicylic acid (SA) is widely used in pharmaceutical, topical preparations as a keratolytic 

for the treatment of acne, psoriasis and warts as well as an antimicrobial agent. 

Hydroquinone (HQ) is a known skin depigmenting agent. It is available in cosmetic skin-

toning products for skin lightening and in pharmaceutical preparations for the treatment of 

melasma and hyperpigmentation. 

Both compounds are often employed in skin penetration studies to determine penetration 

properties, to test vehicle effects and for risk assessment [SA: 1-3, HQ: 4,5]. Various 

analytical methods for quantitative determination of SA and HQ in skin samples from 

different species and in topical formulations exist. These include high-performance liquid 

chromatography (HPLC) [SA: 2,6-9, HQ: 10,11], capillary electrochromatography (CEC) 

[12], micellar electrokinetic chromatrography (MEKC) [13], spectrophotometry [11], 

biocatalytic sensor [14] and liquid scintillation spectrometry [SA: 2, HQ: 5]. Many of these 

methods require purification procedures of the samples to avoid interferences with matrix 

components. Common used separation procedures are liquid-liquid extraction, solid 

phase extraction [9] and micro-dialysis [8,10]. These methods can be time-consuming, 

inefficient (e.g. liquid-liquid extraction from emulsions) and might require high quantities of 

solvents. 

The aim of this work was to develop a gas chromatographic-mass spectrometric (GC-MS) 

method for the quantitative determination of SA and HQ, respectively, in human skin 

samples and in cosmetic emulsions of various viscosities. By using the mass 

spectrometer (MS) in selected ion monitoring (SIM) mode, the analytes can be detected 

specifically in the presence of matrix components and therefore labor intensive purification 

procedures are circumvented. Moreover, the same method can be used for samples of 

various matrices (e.g. different emulsions, tape stripping samples, epidermis/dermis 

samples). An additional benefit is the sensitivity of the MS detection operated in SIM 

mode. Therefore, a GC-MS method can be utilized for the assay of low concentrations of 

SA and HQ. 

There exists, to the best of our knowledge, no analytical method in literature for the assay 

of SA and HQ in human skin samples and various cosmetic emulsions employing GC-MS. 

However, GC-MS methods have been developed for determination of SA in plant 

materials [15-18], olive oil [19], urine [20], plasma [21,22] and biological samples (rat 

plasma and rat liver homogenate) [23]. Different derivatization procedures are described 

including silylation with A/,0-bis(trimethylsilyl)trifluoroacetamide (BSTFA) [15,19,23], 

BSTFA + 1% trimethylchlorosilane (TMCS) [22], A/-methyl-A/-(te/i-
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butyldimethylsilyl)trifluoroacetamide (MTBSTFA) [18], benzylation [21] as well as 

methylation with diazomethane [16,17] and methyl iodide [20]. Even fewer GC-MS 

methods for the determination of HQ are described in literature, e.g. the assay of HQ in 

urine [24,25] and water [26,27]. Procedures employed for the derivatization of HQ are 

silylation with BSTFA [25], hexamethyldisilazane (HMDS) [24], /V-methyl-/v-(trimethylsilyr)-

trifluoroacetamide (MSTFA) and trimethyliodosilane (TMIS) [27] as well as alkylation with 

n-hexyl chloroformate in water [26]. 

The analytical procedure described here was utilized in a study to investigate influences of 

vehicle (various emulsions) effects on skin uptake and skin permeation. The method was 

specific and therefore SA and HQ could be detected from samples of various matrices. 

Furthermore, the analytical procedure was precise and accurate enough to establish small 

differences in the effects of the various emulsions on skin uptake and skin permeation. 

The data of the permeation study will be published elsewhere. 

2.2 Experimental 

2.2.1 Chemicals 

Analytical grade hydroquinone (HQ) and salicylic acid (SA) were purchased from Fluka 

(Buchs, Switzerland) and Sigma Aldrich (Dorset, UK), respectively. The stable isotopes 

hydroquinone-d6 (HQ IS) (98.5%-d6, >99% chemical purity) and 2-hydroxybenzoic acid-d6 

(SA IS) (98.7% d6, >99% chemical purity) were obtained from Dr. Ehrenstorfer (Augsburg, 

Germany) and were used as internal standards. A/,0-bis(trimethylsilyl)trifluoroacetamide 

(BSTFA, 99% purity) with 1% trimethylchlorosilane (TMCS, 99.6% purity) was obtained 

from SUPELCO (Bellefonte, PA, USA). Dried pyridine (max. 0.0075% H20, £99.5% purity) 

was purchased from Riedel de Haen (Seeize, Germany). Methanol (Hypersoiv™, HPLC 

grade) was obtained from BDH (Dorset, UK) and absolute ethanol (Chromasolv™, HPLC 

grade) was purchased from Sigma Aldrich (Johannesburg, South Africa). Disodium 

dihydrogen ethylenediaminetetraacetate (disodium EDTA) was obtained from BASF 

(Cheshire, UK) and sodium disulfite was purchased from Merck (Darmstadt, Germany). 

Deionized water from a Millipore Milli-Q purification system was employed. 

2.2.2 Standard preparation 

Stock solutions of SA and SA IS with a concentration of 1 mg ml"1 were prepared in 

methanol. In the case of HQ, stabilizers were required to prevent HQ oxidation. Therefore, 

stock solutions of HQ and HQ IS with a concentration of 1 mg ml"1 and 5 mg ml"1, 

respectively were prepared using an aqueous stabilization solution of 0.02% (w/v) 
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disodium EDTA and 0.015% (w/v) sodium disulfite (200 mg disodium EDTA + 150 mg 

sodium disulfite in 1 I deionized water). Disodium EDTA (for chelating metal ions) and 

sodium disulfite (as antioxidant) were used for the stabilization of HQ as the various 

emulsions, applied during the penetration studies, contained these substances to prevent 

oxidation of HQ. Additionally, the exposure of HQ to light and air (not in solution) were 

minimized during the experiments, sample preparation and storage. The stock solutions of 

SA and HQ were diluted to 500 ng ml"1 and 50 ng ml"1 with methanol. The stock solutions 

of the internal standards were diluted to a concentration of 500 ng ml"1 for SA IS and 250 

ng ml"1 for HQ IS with methanol. Standard solutions were stored at 4 °C. The stability of 

SA, SA IS, HQ and HQ IS in methanol and stabilization solution was determined and the 

various stock solutions were stable for at least 1 month at 4 °C. 

For the preparation of calibration curves different volumes of SA standard solutions (25, 

50 and 100 ul of 50 ng ml"1 and 25, 50 and 100 ul of 500 ng ml"1) and HQ standard 

solutions (10, 25 and 50 ul of 50 ng ml"1 and 10, 25 and 40 ul of 500 ng ml"1) were pipetted 

into micro-inserts (100 ul pulled point glass, Agilent®) of autosampler vials (1.5 ml glass 

screw capped vial, Agilent®) to obtain concentrations of 25, 50, 100, 250, 500 and 1000 ng 

ml"1 of SA and 10, 25, 50, 100, 250 and 400 ng ml"1 of HQ after adding 50 ul of 

derivatization mixture. Additionally, 20 ul of 500 ng ml"1 of SA IS standard was added to 

the SA calibration samples and 20 ul of 250 ng ml"1 of HQ IS standard was added to the 

HQ calibration samples. The final concentrations of the internal standards in the 

calibration samples were 200 ng ml"1 SA IS and 100 ng ml"1 HQ IS, respectively in 50 ul of 

the derivatization mixture. After addition of standard solutions into micro-inserts of 

autosampler vials the samples were carefully dried under a stream of nitrogen and 

derivatized with 25 ul BSTFA containing 1% TMCS and 25 ul pyridine. Derivatization 

proceeded for 30 min at 40 °C. 

2.2.3 Skin sample preparation 

The various samples for analysis comprised receptor fluid samples (Re samples), stratum 

corneum samples (SC samples), residual skin samples consisting of viable epidermis and 

dermis (rest skin samples) and donor phase samples (Do samples) which were obtained 

during skin penetration studies with human female abdominal skin (method will be 

published elsewhere). 

The Re samples consisted of a water/ethanol mixture 1:1 (v/v) for SA and an aqueous 

stabilization solution/ethanol mixture 1:1 (v/v) for HQ. SC samples were prepared by tape 

stripping the surface of the skin (3M Scotch® Magic™ Tape) followed by extraction of the 

active ingredient with methanol (SA samples) and aqueous stabilization solution (HQ 
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samples), respectively. The Do samples, consisting of various applied cosmetic 

emulsions, and the rest skin samples were also extracted using the same solvents as for 

the SC samples. A specified amount of internal standard was immediately added to all the 

skin samples. The amount of required internal standard was calculated to obtain the same 

concentrations as in the calibration samples after appropriate dilution, evaporation of 

solvent and adding 50 ul of the derivatization mixture. The samples were extracted over a 

period of at least 24 hours whilst maintained at 4 °C until analysis. Prior to analysis, the 

samples were brought to room temperature for equilibration, vortex mixed for 1 min and 

diluted with the appropriate extraction fluid as required. A specified volume was then 

pipetted into micro-inserts of autosampler vials. The samples were dried under a stream 

of nitrogen and derivatized with 25 ul BSTFA containing 1% TMCS and 25 ul pyridine. 

Derivatization proceeded for 30 min at 40 °C. 

2.2.4 Sample preparation for recovery experiments 

An investigation was conducted to determine the extent of derivatization as well as 

extraction of the actives from skin samples. Concentrations of 750 ng ml"1 SA and 200 ng 

ml"1 SA IS were prepared in methanol and in the different skin samples, respectively. The 

skin samples were obtained from a diffusion experiment performed under the same 

condition as the actual penetration experiments (method will be published elsewhere), 

however utilizing blank emulsions containing no actives. Since different emulsions were 

used in the penetration studies, a mixture of the various blank emulsions was added for 

the recovery experiments. After completion of the experiments, the skin samples were 

divided in two aliquots and one of the aliquots was spiked with SA and SA IS as described 

above and the other served as a blank skin sample to test for interferences. Lower 

dilutions of the skin samples (compared to the skin samples in the penetration studies 

later) were prepared to ensure inclusion of the highest amount of impurities as they also 

consume BSTFA for derivatization. The sample prepared in methanol (without impurities) 

was utilized as the control sample. 

The same experiments were carried out with HQ. A mixture of aqueous stabilization 

solution and methanol 1:1 {v/v) was substituted for pure methanol. Furthermore, HQ 

solutions were prepared at different concentrations of HQ (500 ng ml"1) and HQ IS (100 ng 

ml"1). 

The samples were stored for 24 hours at 4 °C and prepared for derivatization on the next 

day as described for the skin samples. The derivatized samples were subjected to GC-MS 

analysis in SIM mode (as described in 2.2.5.) and recovery was determined by comparing 

the spiked skin sample with the control sample. 

42 



GC-MS Analysis of Salicylic Acid and Hydroquinone 

2.2.5 GC-MS analysis 

The trimethylsilyl (TMS) derivatives of HQ and SA (structural formula shown in Fig. 2.1) 

were analyzed by gas chromatography using an Agilent® 6890 Plus GC equipped with an 

Agilent® 5973 Mass Selective (MS) Detector in electron-impact (El) mode (70 eV, dwell 

time of 100) and a split/splitless injector with a single-taper splitless glass inlet liner (900 

ul) with deactivated glass wool. All injections (injection volume of 1 ul) were performed 

with an Agilent® 7673 auto sampler. The injector was maintained at 270 °C and operated 

in the splitless mode at 0.8 bar, with a purge flow-rate of 21.3 ml min"1 after 1.00 min. A 30 

m length * 250 urn and 0.25 um film thickness DB-5 column (Agilent®) was used for all 

analyses. Ultra high purity helium was utilized as carrier gas and the column flow was 

maintained at 1.2 ml min"1 throughout the run. The initial oven temperature was set at 80 

°C with a 2.0 min hold period and was then ramped to 265 °C at 20 °C min"1 and finally 

ramped from 265 °C to 300 °C at a rate of 30 °C min"1. The oven was maintained at 300 

°C for 2.0 min for a total run time of 14.42 min. For analysis of SA, the oven was regulated 

at 300 °C for 10.0 min. The transfer line was set at 280 °C and the source temperature 

was 230 °C. The MS was operated in the selected ion monitoring (SIM) mode. Ions 

monitored for the derivatized HQ samples were mlz 254 (HQ) and 258 (HQ IS). Ions 

monitored for the derivatized SA samples were mlz 268 (SA) and 272 (SA IS). 

OSi(CH3)3 

(a) 
O 

(b) 
OSi(CH3)3 

(H3C)3SiCX 

OSi(CH3)3 

Fig. 2.1 Structural formula of (a) HQ-TMS (MW: 254) and (b) SA-TMS (MW: 282) 

2.2.6 Quantitative analysis 

The ratio of the peak areas of the active ingredient to the internal standard from the 

various calibration standards were plotted versus the concentrations of the active in these 

calibration standards. The mass of the active in the various skin samples could be 

calculated with the calibration curves and the known dilution factor. Plots, regressions and 

calculations were performed and constructed with Excel® (Microsoft Corp. Seattle, WA, 

USA). 
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2.3 Results and discussion 

2.3.1 Derivatization 

In view of the fact that the underivatized SA and HQ are not volatile enough (with boiling 

points of 211 °C and 286 °C, respectively) for gas chromatographic analysis and because 

of their polarity, derivatization was required to convert them to more volatile and less polar 

derivatives. Trimethylsilylation of hydroxyl and carboxyl groups utilizing BSTFA containing 

1% TMCS was chosen for this study as it is a commonly used derivatization procedure to 

replace active hydrogen with a trimethylsilyl group. TMCS as a silylation catalyst was used 

to facilitate the reaction and pyridine was added to the BSTFA/1% TMCS mixture to 

capture the released protons. The TMS derivative of each compound did no longer 

contain polar groups and could be eluted as a narrow peak with good peak symmetry. 

In literature various temperatures and durations of derivatization can be found for SA and 

HQ [15,19,22,23,25]. In our study several temperatures and durations (18 h at 20 °C, 15 

and 30 min at 40 °C, 15 min at 60 °C) as well as two different ratios of BSTFA with 1% 

TMCS/pyridine mixture (1:1 and 7:3 (v/v)) were tested. No significant differences occurred 

between the various temperature procedures. The variation in peak area after incubation 

at 20 °C and 60 °C was 3.6% for SA and 1.2% for HQ. Insignificant differences, as also 

seen for double injections of the same sample, might have resulted from different injection 

volumes, small changes in column temperature or injector. Furthermore, slight differences 

between different samples could be explained by experimental error during sample 

preparation (pipetting small volumes). Therefore, it is necessary to incorporate an 

appropriate internal standard to obtain more reproducible results (i.e. lower RSD in double 

injections). Lower peak areas were integrated with the BSTFA containing 1% 

TMCS/pyridine ratio of 7:3 (v/v) compared to the ratio of 1:1 (v/v) for both compounds, SA 

and HQ. The increase in peak area from the ratio 7:3 (v/v) to the ratio 1:1 (v/v) was 12% 

for SA and 7.5% for HQ. 

Identical experiments were performed in SCAN mode with 1 ug ml"1 and 0.5 ug ml"1 

concentrations of SA and HQ, respectively. The results confirmed the previous data as no 

differences could be established between the various temperature procedures. Moreover, 

no secondary peaks, indicating potential degradation product(s) of SA-TMS or HQ-TMS, 

occurred in the total ion chromatograms. 

These results indicate that room temperature (20 °C) was sufficient to complete 

trimethylsilylation of SA and HQ as no increase in peak area occurred at higher 

temperatures. In subsequent experiments the derivatization procedure of 30 min at 40 °C 

with a BSTFA containing 1% TMCS/pyridine ratio of 1:1 (v/v) was used to accelerate the 
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trimethylsilylation reaction. The BSTFA with 1% TMCS/pyridine ratio of 1:1 (v/v) was 

selected as it yielded higher peak areas. 

Additionally, tests were performed to monitor the stability of the SA-TMS and HQ-TMS, 

respectively, as well as their trimethylsilylated internal standards in the derivatization 

mixture. Therefore, the same sample was injected several times over a certain time 

period. It was found that SA-TMS + SA IS-TMS were stable for at least 20 hours and HQ-

TMS + HQ IS-TMS for at least 24 hours. This suggested a single day loading of samples 

during the analyses. 

2.3.2 Chromatography 

The mass spectra of SA-TMS and SA IS-TMS are shown in Fig. 2.2. The molecular ions 

of SA-TMS (m/z 282) and SA IS-TMS (m/z 286) were unobservable or very weak. The 

mass spectra of HQ-TMS and HQ IS-TMS are given in Fig. 2.3. The mass ions show that 

both functional groups were derivatized for all compounds. The mass fragment pattern of 

SA-TMS and HQ-TMS were confirmed by computer library (Nist 98) matching. The 4-m/z 

shift in the observed ions of the internal standard compared to the ions of the standard is 

due to the substitution of 4 hydrogen atoms by deuterium atoms and was observed for 

both actives, SA and HQ. 

The quantitative determination of SA and HQ was performed in SIM mode for higher 

sensitivity and specificity. SIM (m/z 268 and 272) chromatograms for SA-TMS and SA IS-

TMS, respectively and SIM (m/z 254 and 258) chromatograms for HQ-TMS and HQ IS-

TMS are shown in Fig. 2.4. All chromatograms show a symmetrical, narrow peak for each 

analyte and respective internal standard. The retention times for SA-TMS (m/z 268) and 

SA IS-TMS (m/z 272) are identical at about 7.9 min. The same occurred with HQ-TMS 

(m/z 254) and HQ IS-TMS (m/z 258) with retention times of 7.1 min. 
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Fig. 2.2 Mass spectra of standard (a) SA (1 |jg ml"1) and (b) SA IS (1 |jg ml"1) as their TMS 

derivatives. 
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Fig. 2.3 Mass spectra of standard (a) HQ (0.5 pg ml"1) and (b) HQ IS (0.5 pg ml"1) as their 

TMS derivatives. 
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Fig. 2.4 (a) SIM chromatogram (m/z 268 and 272) of standard SA sample (100 ng ml"1) 

with SA IS (200 ng ml"1) and (b) SIM chromatogram (m/z 254 and 258) of standard HQ 

sample (100 ng ml"1) with HQ IS (100 ng ml"1) after derivatization and GC-MS analysis as 

described in text. 

2.3.3 Monitored ions in SIM mode 

Various ions for the different compounds were tested in SIM mode and investigated for 

peaks at the actives' retention times to be able to choose the ion for each analyte. The 

investigated ions and results are shown in Table 2.1. The ions were tested for sensitivity 

as well as for interference with skin samples. An ion was found to be sufficiently sensitive 

when a concentration of 100 ng ml"1 of analyte or 200 ng ml"1 of IS could be detected with 
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symmetric peak shape and with a RSD value (double injection) lower than 2%. Re 

samples were used for the interference test as they might contain extracted skin lipids, 

proteins, amino acids, etc. According to the guideline for bioanalytical method 

development from the US Food and Drug Administration (FDA) [28], a minimum of six 

different skin donors should be employed to establish the specificity of the method. The 

availability of human skin is limited and therefore only two skin donors were used to test 

for interference. However, during diffusion studies a blank Re sample was collected from 

each skin donor used in the experiments and analyzed for interference. 

Table 2.1a Peak areas of skin, standard SA and SA IS samples at analytes' retention 

time obtained in SIM mode of various ions. Derivatization and GC-MS analysis as 

described in text. 

m/z Skin donor 1 Skin donor 2 SA 100 ng ml"1 SA IS 200 ng ml"1 

SA 

209 

267 288 266 

268* — 51 
269 

SAIS 

271 — n.a. 

272* — n.a. 
*selected ions for analysis; n.a. not analyzed. 

For SA the highest sensitivity was seen with the [M-CH3]+ ion at m/z 267 (Table 2.1a), 

although interference with the skin samples occurred. On average, slightly less 

interference was detected with the ion at m/z 268 as no peak was obtained with skin 

donor 1 and a small interference peak with skin donor 2 which resulted in the same % 

interference as with the ion at m/z 267. Although the abundance of the ion at m/z 267 was 

approximately four times higher, the ion 268 was selected for further analysis. The lower 

sensitivity was sufficient to analyze the skin samples and the employment of the ion 267 

would have necessitated in higher dilutions of some skin samples. However, it should be 

emphasized that the sensitivity of the method for SA can be increased by using the SIM 

mode at m/z 267 and therefore quantitative determination of SA concentration below 50 

ng ml"1 (LOQ) is achievable. The SA sample did not exhibit a peak at m/z 271 and 272 

which were the tested ions for SA IS. Similar observations were made for the skin 

samples at m/z 271 and 272. Consequently, the SA sample and skin samples did not 

interfere with the SA IS ions. For SA IS the ion 272 was chosen for SIM mode, although 

the intensity was lower than for 271. The reason for this decision was that for the same 

1633 
18987 

5257 

1956 

n.a. 

532 

498 

n.a. 

40995 

8364 
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concentration of SA and SA IS, respectively, the abundance of the SA peak at m/z 268 

and the SA IS peak at m/z 272 were similar. Contrary to the SA sample, the SA IS sample 

showed a peak at the selected SA ion (m/z 268). This interference might be attributed to 

an impurity in the stable isotope standard (impurity with SA or another deuterated SA 

compound) or to an ion fragment of SA IS-TMS in its mass spectrum. 

The ions for HQ and HQ IS (Table 2.1b) were selected by a similar procedure. The largest 

peak areas for HQ were obtained with the ions at m/z 239 and 254. Due to the 

interferences with skin samples, the ion at m/z 239 was rejected and the ion at m/z 254 

was selected for HQ. The small peak obtained with skin donor 2 could be considered 

insignificant as a high concentration of blank matrix skin sample (implying a high 

concentration of impurities) was used to test for interference. The skin samples in further 

analyses were more diluted and therefore impurities were insignificant. An interfering peak 

was considered insignificant when the peak area of interfering compounds was less than 

2% of the peak area of the analyte at the limit of quantification (LOQ). For HQ IS the ion at 

m/z 258 was preferred, because no interference with skin samples appeared and the 

sensitivity of the HQ IS ion at m/z 258 was comparable to the sensitivity of the HQ ion at 

m/z 254 when the same concentrations of both compounds were used. As it was already 

seen with the SA and SA IS samples, no peak was obtained with the HQ sample tested 

for the HQ IS ion (m/z 258). However, the HQ IS sample showed a peak at m/z 254 

indicating interference. 

Table 2.1b Peak areas of skin, standard HQ and HQ IS samples at analytes' retention 

time obtained in SIM mode of various ions. Derivatization and GC-MS analysis as 

described in text. 

m/z Skin donor 1 Skin donor 2 HQ 100 ng ml"1 HQ IS 200 ng ml"1 

HQ 

239 450 496 

240 

254* — 173 
255 2672 1427 
HQIS 

258* — n.a. 
*selected ions for analysis; n.a. not analyzed. 

Though interference of the internal standards with their respective analytes was observed, 

the selected ions (SA: 268, SA IS: 272, HQ: 254 and HQ IS: 258) were used for further 

analyses. The advocating of these procedures was that the concentrations of the internal 

27467 n.a. 

6022 n.a. 

20534 1133 
4956 n.a. 

41188 
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standards were equal in all the samples (calibration samples as well as skin samples) and 

therefore, the same amount of impurities or interferences will occur in the various 

samples. 

2.3.4 Calibration curve 

Three calibration curves, prepared in methanol, were analyzed on three different, 

inconsecutive days. The regression coefficients exceeded 0.999 for all calibration curves 

and consequently, the correlation between the ratio of peak areas (analyte/IS) and 

concentration of analyte was found to be linear for both compounds within the tested 

concentration ranges. The linear regression lines were described by the equations: 

y = 0.00581 x+0.04881 forSA (2.1) 

y = 0.01291 x-0.01232 for HQ (2.2) 

which were the average of the three calibration curves from three different days. Another 

set of calibration curves were generated in various matrices (blank Re sample, blank SC 

sample and blank Do sample) and compared with the calibration curves prepared in 

methanol. No significant differences were observed between the various regression lines. 

As a result and the fact that no significant interference occurred from the impurities of the 

various matrices, further calibration samples were prepared in methanol. 

2.3.5 Accuracy and precision 

The values of the three calibrations of each analyte were used to establish accuracy and 

precision for each concentration level. The results are presented in Table 2.2. Accuracy is 

defined as the percent deviation of the found concentration (Cf0und) from the added 

concentration (cadded) and precision is expressed as the relative standard deviation 

(R.S.D.). According to the FDA [28], accuracy and precision should be determined from a 

minimum of five determinations per concentration level. A test of 6 injections of a single 

sample resulted in R.S.D. values of 0.71% for SA and 0.56% for HQ. Due to the low 

R.S.D. values the calibration samples were only injected in duplicate. 
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Table 2.2 Accuracy and precision of the assay of SA and HQ. 

Cadded 
(ng ml" 

Cfounc| 
1) (ng ml"1) Accuracy (%) Precision (R.S.D.) 

Mean ± S.D.a lntra-dayb lnter-daya Intra-dayb lnter-daya 

SA 

25 33.8±1.2 30.0-38.5 35.3 <1.23 3.4 

50 56.6 ± 0.3 12.8-13.9 13.3 <0.90 0.5 

100 96.2 ± 3.8 -7.0-0.4 -3.8 <0.39 3.9 

250 244.9 ± 5.2 -4.3 - -0.3 -2.0 <0.39 2.1 

500 484.7 ±11.1 -5.4--1.0 -3.1 <0.64 2.3 

1000 1008.8 ±22.4 -1.3-3.2 0.9 <0.59 2.2 

HQ 

10 11.1 ±0.1 9.7-12.3 11.2 <0.50 1.2 

25 26.8 ± 0.8 5.2-11.2 7.4 <0.43 3.1 

50 52.9 ±1.8 3.3-9.9 5.8 <0.92 3.4 

100 94.6 ±4.1 -9.4--1.2 -5.4 <0.47 4.3 
250 246.4 ±10.4 -5.7-2.6 -1.4 <0.44 4.2 

400 403.1 ±20.1 -2.8-6.5 0.8 <0.18 5.0 
an=3, bn= :2/day; values for 3 days. 

The accuracy and precision of the analytical method is within the recommendation of the 

FDA with values below 15% for both. These values for precision and accuracy of the FDA 

were used as an indication, though they pertain to the validation in the biological matrix 

and not in methanol. The accuracy of 25 ng ml-1 of SA was with a value greater than 20% 

(criterion for LOQ according to FDA [28]) not acceptable. Thus, the limit of quantification 

(LOQ) was set at 50 ng ml-1 for SA. The LOQ of HQ was 10 ng ml"1, as it could be 

determined accurately and precisely. 

2.3.6 Recovery experiments 

The recovery of SA from the different skin samples compared to the control was as 

follows: 103.3% from the Do sample, 98.1% from the SC sample, 93.1% from the rest skin 

sample and 96.8% from the Re sample. The impurities in the various blank skin samples 

(without SA and SA IS) did not interfere with the analysis of SA and SA IS as no peaks in 

the SIM (m/z 268 and 272) chromatograms occurred at the retention time of SA and SA 

IS, except of an insignificant peak (peak area smaller than 2% of peak area of SA at LOQ) 

with the blank SC sample. 
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The following recoveries of HQ were obtained: 100.8% from the Do sample, 99.9% from 

the SC sample, 97.3% from the rest skin sample and 100.3% of the Re sample. No peaks 

were found at the retention times of HQ and HQ IS, respectively for the monitored ions at 

m/z 254 and 258 after injecting the various blank skin samples, except of the blank SC 

sample which showed a minor peak (peak area smaller than 2% of peak area of HQ at 

LOQ) in the SIM (m/z 254) chromatogram. 

The recovery experiments demonstrated that the extraction and derivatization procedures 

were complete up to a concentration of 750 ng ml"1 SA and 500 ng ml"1 HQ in various skin 

samples. 

2.3.7 Skin samples analysis 

The method was used for the quantitative determination of approximately 300 SA and 400 

HQ skin samples (data not presented). The R.S.D. of the double injection did not exceed 

1.5% with few exceptions between 1.5 and 2.5%. A calibration curve was run preceding 

each set of analysis to control the sensitivity of the glass inlet liner and the DB-5 column. 

The R.S.D. of the slopes was 3.0% for SA (14 calibrations) and HQ (19 calibrations), 

respectively. The correlation coefficients exceeded 0.999 for all calibration curves of SA 

and exceeded 0.995 for the calibrations of HQ. Three concentration levels (low, medium, 

high) of each calibration set were selected to determine accuracy and precision during the 

time of analysis. The results are shown in Table 2.3. 

Table 2.3 Accuracy and precision of control samples during skin sample analysis 

Cadded (ng ml"1) Cf0und (ng ml"1) Accuracy (%) Precision (R.S.D.) 
Mean ± S.D. 

4.4 
2.6 
4.1 

2.7 

3.2 

5.0 

An additional control was the calculation of the total recovery of the active at the end of 

the diffusion studies. Thus, the sum of Do sample, SC sample, rest skin sample and all Re 

samples of each diffusion cell was assessed and referred to the amount of the applied 

active which was also determined for each cell. According to Diembeck et al. [29], the total 

SA (n=14) 

50 55.1 ±2.4 10.1 
500 494.6 ±12.9 -1.1 

750 752.7 ± 30.8 0.4 

HQ (n=19) 

10 10.3 ±0.3 3.2 

250 250.5 ± 8.0 0.2 

400 400.8 ± 20.0 0.2 

53 



GC-MS Analysis of Salicylic Acid and Hydroquinone 

recovery of the compound is recommended to be 100 ± 15%. Thirty cells were run with 

SA and the total recovery was 100.8% ± 2.8% (mean ± S.D.). The recoveries of SA were 

between 98-104% with the exception of three cells (93% and 2 cells of 107%). Diffusion 

studies of HQ were carried out with thirty six cells and a total recovery of 98.2% ± 3.2% 

(mean ± S.D.) was obtained. The recoveries of HQ were between 95-103% with the 

exception of three cells (88, 91 and 94%). In general, the recovery of the active from each 

cell was within 100 ± 5% with few exceptions which were within the recommended 100 ± 

15%. 

These recovery values corroborate that no loss of analyte during the experiments and 

sample treatment (resulting in lower recoveries) as well as no interference with impurities 

(resulting in higher recoveries) occurred. That indicates that the extraction from the 

different samples and the derivatization were complete and no binding to Franz cell 

surfaces, glass vials or tubing took place. Furthermore, it confirms the stability of HQ and 

SA during the experiments, storage and sample handling as well as the reliability of the 

analytical method. It has been mentioned in earlier work [30,31] that sublimation of SA 

might arise during solvent evaporation. The good reproducibility and high recovery values 

of the obtained SA data indicate that sublimation was not an issue during this assay. The 

slight lower recovery values for HQ might indicate a minor degradation of HQ most 

probably due to oxidation during the extraction time where skin discs with the applied HQ 

formulations were exposed to light and air. 

2.4 Conclusions 

A reliable, sensitive and selective method for the determination of SA and HQ in various 

human skin samples and emulsions using GC-MC has been presented in this paper. It 

was shown that the quantitative determination of SA and HQ was accurate and precise in 

the concentration range between 50-750 ng ml"1 and 10-400 ng ml"1, respectively and 

good recoveries of 750 ng ml"1 SA and 500 ng ml"1 HQ were obtained from the various 

matrices. The sample preparation and the derivatization procedures were simple and 

rapid. Possible interferences with occurring impurities could be circumvented by utilizing 

the SIM mode which additionally resulted in higher sensitivity. Accuracy, precision and 

recovery improved by the use of the respective deuterated compounds as internal 

standards. 

The present method was used for the analysis of skin samples obtained during 

penetration studies. The consistent results over a longer time period of analysis showed 

the robustness of the method. The results demonstrated that the analytical method was 
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suitable for the assay of low concentrations of SA and HQ in a higher number of skin 

samples and could be applied in similar studies in the future. 
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CHAPTER 2: JOURNAL OF CHROMATOGRAPHYB 

GUIDE FOR AUTHORS 
Manuscript preparation 

Please write your text in good English (American or British usage is accepted, but not a 

mixture of these). The text should be in single-column format. Keep the layout of the text 

as simple as possible. Most formatting codes will be removed and replaced on processing 

the article. In particular, do not use the wordprocessor's options to justify text or to 

hyphenate words. However, do use bold face, italics, subscripts, superscripts etc. Do not 

embed "graphically designed" equations or tables, but prepare these using the 

wordprocessor's facility. When preparing tables, if you are using a table grid, use only one 

grid for each individual table and not a grid for each row. If no grid is used, use tabs, not 

spaces, to align columns. Do not import the figures into the text file but, instead, indicate 

their approximate locations directly in the electronic text and on the manuscript. See also 

the section on Preparation of electronic illustrations. 

Manuscripts should be prepared with numbered lines, with wide margins and double 

spacing throughout, i.e. also for abstracts, footnotes and references. Every page of the 

manuscript, including the title page, references, tables, etc. should be numbered. 

However, in the text no reference should be made to page numbers; if necessary, one 

may refer to sections. Underline words that should be in italics, and do not underline any 

other words. Avoid excessive use of italics to emphasize part of the text. As a rule, papers 

should be divided into sections, headed by captions (e.g. Abstract, Introduction, 

Experimental, Results/Discussion and Conclusion). 

Title 

The title of the paper should be concise and informative. Since titles are widely used in 

information retrieval systems, care should be taken to include the key words. The title 

should be followed by the authors' full names, academic or professional affiliations, and 

the address of the laboratory where the work was carried out. If the present address of an 

author is different from that mentioned, it should be given in a footnote. 

Acknowledgements of financial support are not to be made in a footnote to the title or 

name of the author, but should be included in the Acknowledgements at the end of the 

paper. 
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Abstract 

All articles should have an Abstract of 50-100 words which clearly and briefly indicates 

what is new, different and significant. No references should be given. 

Introduction 

Every paper must have a concise introduction that mentions what has been done before 

on the topic, with appropriate references, and that states clearly what is new in the paper 

now submitted. 

Experimental 

The Experimental section should contain sufficient information for others to repeat the 

experiments. Whereas general conditions can usually best be specified in the 

Experimental section, it is often better to give specific details in the figure captions. 

Appendix 1 lists what should typically be specified. 

Tables and illustrations 

Although appropriate tables and illustrations contribute to a clear and concise presentation 

of results, they should not merely repeat data already given in the text. References to the 

illustrations and tables should be included in appropriate places in the text by Arabic 

numerals. Tables should be uploaded separately, and numbered according to their 

sequence in the text. A brief descriptive heading should be given with each table. Below 

the heading the experimental conditions should be described. The layout of the tables 

should be given serious thought, so that the reader can grasp quickly the significance of 

the results. Figures and photographs should also be uploaded separately in a form 

suitable for reproduction. A detailed guide on electronic artwork is available on our 

website: http://authors.elsevier.com/artwork. You are urged to visit this site; some 

excerpts from the detailed information are given below. 

Formats 

Regardless of the application used, when your electronic artwork is finalised, please "save 

as" or convert the images to one of the following formats (Note the resolution 

requirements for line drawings, halftones, and line/halftone combinations given below.): 

EPS: Vector drawings. Embed the font or save the text as "graphics". 

. TIFF: Colour or greyscale photographs (halftones): always use a minimum of 300 dpi. 

. TIFF: Bitmapped line drawings: use a minimum of 1000 dpi. 

. TIFF: Combinations bitmapped line/half-tone (colour or greyscale): a minimum of 500 dpi 

is required. 
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. DOC, XLS or PPT: If your electronic artwork is created in any of these Microsoft Office 

applications please supply "as is". 

Please do not: 

. Supply embedded graphics in your wordprocessor (spreadsheet, presentation) 

document; 

. Supply files that are optimised for screen use (like GIF, BMP, PICT, WPG); the 

resolution is too low; 

. Supply files that are too low in resolution; 

. Submit graphics that are disproportionately large for the content. 

All axes of graphs and chromatograms should be clearly labelled, with full quantitative 

data, equivalent information should be provided in the legend. Please note that any 

lettering should also be in a form suitable for reproduction. Lettering (which should be kept 

to a minimum) and spacing on axes of graphs should be such that numbers, etc., remain 

legible after reduction in size. The figures should preferably be of such a size that the 

same degree of reduction can be applied to all of them. The size of the figures should 

preferably not exceed the size of the text pages. Simple straight-line graphs (such as 

calibration lines) are not acceptable, because they can readily be described in the text by 

means of an equation or a sentence. Claims of linearity should be supported by 

regression data that include slope, intercept, standard deviations of the slope and 

intercept, standard error and the number of data points; correlation coefficients are 

optional. Standard symbols should be used in line drawings; the following are available to 

the typesetters and can also be used in the legends: filled or open squares, triangles, 

circles or diamonds, + or x. 

Photographs should have good contrast and intensity. Sharp, glossy photographs are 

required to obtain good half tones. References to the illustrations should be included in 

appropriate places in the text by Arabic numerals and the approximate position of the 

illustration should be indicated in the margin of the manuscript. Each illustration should 

have a caption, all the captions being typed (with double spacing) together on a separate 

sheet. 

Authors may now submit colour pictures and other supplementary material along with their 

paper. If, together with the accepted article, usable colour figures are submitted then 

Elsevier will ensure, at no additional charge, that these figures will appear in colour on the 

web (e.g., ScienceDirect and other sites) regardless of whether or not these illustrations 

are reproduced in colour in the printed version. For colour reproduction in print, you will 
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receive information regarding the costs from Elsevier after receipt of your accepted article. 

For further information on the preparation of electronic artwork, please see 

http://authors.elsevier.com/artwork. The written permission of the author and publisher 

must be obtained for the use of any figure already published. Its source must be indicated 

in the legend. 

Nomenclature, symbols, abbreviations and units 

Widely accepted symbols, abbreviations and units (SI) should be used. If there is any 

doubt about a particular symbol or abbreviation, the full expression followed by the 

abbreviation should be given the first time it appears in the text. Abbreviations used in 

tables and figures should be explained in the captions. In general, the recommendations 

of the International Union of Pure and Applied Chemistry (IUPAC) should be followed and 

attention should be given to the recommendations of the Analytical Chemistry Division in 

the journal Pure and Applied Chemistry: Nomenclature for Chromatography, Pure Appl. 

Chem., 65 (1993) 819-872. Decimal points should be indicated by full stops. All decimal 

numbers smaller than unity should include a leading zero (e.g. 0.11). 

References 

References should be numbered in the order in which they are cited in the text, and listed 

in numerical sequence on a separate sheet at the end of the article. The numbers should 

appear in the text at the appropriate places in square brackets. In the reference list, 

periodicals [1], monographs [2], multi-author books [3], and proceedings [4] should be 

cited in accordance with the following examples: 

[1] S. Chellam, M.R. Wiesner, J. Membrane Sci. 138 (1998) 83. 

[2] T.R. Bott. Fouling of Heat Exchangers. Elsevier, Amsterdam, 1995. 
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[4] A. Veide, C. Hassinen, D. Hallen, M. Eiteman, B. Lassen, K. Holmbert, in R.D. Rogers, 

M.A. Eiteman (Eds.), Proceedings of the American Chemical Society Symposium on 

Aqueous Biophasic Separation. Plenum Publishers, New York, NY, 1995, p. 133. 

Abbreviations for the titles of journals should follow the system used by Chemical 

Abstracts. Articles not yet published should be given as "in press" (journal should be 

specified), "submitted for publication" (journal should be specified), "in preparation" or 

"personal communication". 
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Abstract 

A gas chromatographic (GC) method with mass spectrometric (MS) detection is 

developed and validated for the accurate and precise determination of octadecenedioic 

acid (C18:1 DIOIC) in human skin samples and transdermal perfusates. Octadecenedioic 

acid is extracted using methanol. The saturated analogue 1,18-octadecanedioic acid 

(C18:0 DIOIC) is added as internal standard (IS). Prior to analysis both compounds are 

converted to their trimethylsilylated derivatives using N,0-

bis(trimethylsilyl)trifluoroacetamide (BSTFA) with 15% trimethylchlorosilane (TMCS). 

Quantification is performed in selected ion monitoring (SIM) mode with a limit of 

quantification (LOQ) of 250 ng/mL Linearity with a correlation coefficient of 0.998 is 

obtained over a concentration range of 250-2000 ng/mL. Values for within-day accuracy 

range from 94.5 to 102.4% and for between-day from 97.5 to 105.8%. Within- and 

between-day precision are better than 5% and 7%, respectively. The recovery values from 

the various matrices vary from 92.6 to 104.0%. The GC-MS method is employed for the 

determination of octadecenedioic acid after application of an emulsion containing the 

active ingredient onto human skin in vitro. The results demonstrate that the method is 

suitable for the determination of C18:1 DIOIC in human skin samples and transdermal 

perfusates. 
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3.1 Introduction 

Octadecenedioic acid is used in various cosmetic and dermatological formulations as a 

skin whitening and anti-ageing active ingredient (1-3). Its mechanism of skin lightening 

was previously hypothesized to be reduction in tyrosinase formation by binding of C18:1 

DIOIC to the peroxisome proliferator-activated receptor (PPARv), resulting in a reduced 

expression of tyrosinase mRNA (4) and therefore in a lower production of tyrosinase - the 

key enzyme in the production of the pigment melanin. For octadecenedioic acid to 

become effective as a skin whitener it has to be delivered to the melanocytes which are 

located in the basal layer of the epidermis. Therefore, it is of interest to investigate the 

transdermal and dermal delivery of octadecenedioic acid into human skin. For the 

performance of these studies, a sensitive assay is required to detect low concentrations of 

octadecenedioic acid in skin samples and transdermal perfusates. 

Few reports exist where C18:1 DIOIC was determined qualitatively and/or quantitatively. It 

was qualitatively detected in serum of patients with Reye syndrome by GC-MS analysis 

following liquid-liquid extraction and derivatization using triethylamine and BSTFA (5). 

Tonsgard and Getz (6) analyzed long chain dicarboxylic acids in serum of Reye syndrome 

patients using GC-FID after derivatization of the dicarboxylic acids with triethylamine and 

A/,0-bis(trimethylsilyl)acetamide (BSA). Furthermore, octadecenedioic acid, a monomer of 

cutin and suberin, was found in plant extracts after depolymerization and was identified by 

GC-MS and quantitatively determined as dimethylester by using GC-FID (7-11). 

To the best of our knowledge, no method has been described in literature for the 

quantitative determination of octadecenedioic acid in skin samples and transdermal 

perfusates. Skin penetration studies with octadecenedioic acid (Arlatone™ Dioic DCA) 

have been performed using 14C-labeled octadecenedioic acid (1,12). As strict regulations 

exist for handling radio-labeled compounds, the aim of our study was to develop a gas-

chromatographic method for the quantitative determination of C18:1 DIOIC in human skin 

samples obtained after in vitro penetration experiments. Gas chromatography with mass 

spectrometric detection in selected ion monitoring (SIM) mode was chosen since it is a 

very sensitive and selective technique to determine low quantities of analyte in the 

presence of various matrix components. Hence, time consuming purification steps prior to 

analysis can be circumvented and the quantification of the analyte can be carried out from 

different matrices. Trimethylsilylation utilizing BSTFA with TMCS was selected for 

derivatization in this study as it is a commonly applied and simple derivatization 

procedure. The method was tested for linearity, specificity, accuracy and precision. 
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Furthermore, the analytical procedure was applied to the analysis of C18:1 DIOIC skin 

samples obtained from in vitro skin penetration experiments. 

3.2 Experimental 

3.2.1 Reagents and materials 

Arlatone™ Dioic DCA, a mixture of dicarboxyiic and monocarboxylic acids obtained by 

biofermentation of oleic acid (1), was kindly provided by Uniqema (Gouda, The 

Netherlands). According to Uniqema, the Arlatone™ Dioic DCA batch used for the 

preparation of the formulation contained 58.1% octadecenedioic acid. The same batch 

was utilized for standard sample preparation. 1,18-Octadecanedioic acid (C18:0 DIOIC, 

95.5% purity) was purchased from Dr. Ehrenstorfer-Schafers (Augsburg, Germany) and 

was used as internal standard (IS). HPLC grade methanol and ethanol were obtained 

from BDH (Dorset, UK) and Sigma Aldrich (Johannesburg, South Africa), respectively. 

A/,0-bis(trimethylsiiyl)trifluoroacetamide (BSTFA, 99% purity) and trimethylchlorosilane 

(TMCS, 99.6% purity) were purchased from Supelco (Bellefonte, PA, USA). Dried pyridine 

(max. 0.0075% H20, >99.5% purity) was obtained from Riedel de Haen (Seelze, 

Germany). Deionized water from a Millipore Milli-Q purification system was employed. 1.5 

mL glass screw capped autosampler vials (Agilent®) with 100 uL pulled point glass inserts 

(Agilent®) were used for derivatization and sample analysis. 

3.2.2 Instrumentation and conditions 

The trimethylsilyl (TMS) derivatives of C18:1 DIOIC and C18:0 DIOIC were analyzed by 

gas chromatography/mass spectrometry using an Agilent® 6890 Plus GC equipped with an 

Agilent® 5973 Mass Selective (MS) Detector in electron-impact (El) mode (70 eV). 

Aliquots of 1 uL of each sample were injected by means of a split/splitless injector with a 

single-tapered splitless glass inlet liner (900 uL) containing deactivated glass wool. All 

injections were performed with an Agilent® 7673 auto sampler. The injector temperature 

was maintained at 270 °C and operated in the splitless mode at 0.8 bar, with a purge flow-

rate of 21.3 mL/min after 1.00 min. A 30 m length * 250 urn and 0.25 urn film thickness 

DB-5 column (Agilent®) with a stationary phase of (5%-phenyl)-methylpolysiloxane was 

used for all analyses. Ultra high purity helium (5.5) was utilized as carrier gas and the 

column flow was maintained at a constant flow of 1.2 mL/min. The initial oven temperature 

was set at 80 °C with a 2.0 min hold period and was then ramped to 265 °C at 20 °C/min 

and finally ramped from 265 °C to 300 °C at a rate of 30 °C/min. The oven was 

maintained at 300 °C for 2.0 min for a total run time of 32.42 min. The transfer line was set 

at 280 °C, the source temperature at 230 °C and the quadrupole at 150 °C. The MS was 
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operated in the selected ion monitoring (SIM) mode. Ions monitored for the derivatized 

analyte and IS were mlz 441 and 443, respectively, measured with a dwell time of 100 

ms. Quantitation was performed based on the ratio of the peak area of the active 

ingredient to the peak area of the internal standard. 

3.2.3 Standard prepara tion 

A 1.7 mg/mL stock solution of Arlatone™ Dioic DCA in methanol containing 1 mg/mL 

C18:1 DIOIC was prepared and diluted to 1 ug/mL and 500 ng/mL C18:1 DIOIC with 

methanol. A stock solution of C18:0 DIOIC (IS) with a concentration of 0.5 mg/mL was 

prepared in methanol. The C18:0 DIOIC stock solution was diluted to 1 ug/mL with 

methanol. 

For the preparation of calibration samples different volumes of C18:1 DIOIC standard 

solutions (25, 50 and 75 uL of 500 ng/mL and 50, 75 and 100 uL of 1 ug/mL) were 

pipetted into micro-inserts of autosampler vials. Additionally, 25 uL of 1 ug/mL C18:0 

DIOIC internal standard solution was added to each calibration sample. The samples 

were carefully dried under a stream of nitrogen. 25 uL BSTFA containing 15% TMCS and 

25 uL pyridine were added and the samples were heated for 1 hour at 75 °C. The final 

concentrations of C18:1 DIOIC in the calibration samples after adding 50 uL of 

derivatization mixture were 250, 500, 750, 1000, 1500 and 2000 ng/mL with a C18:0 

DIOIC concentration of 500 ng/mL. Aliquots of 1 uL of each sample were injected into the 

GC-MS. 

3.2.4 Sample preparation 

The project "In vitro transdermal delivery of drugs through human skin" was approved by 

the Ethics Committee of the North-West University (Potchefstroom, South Africa) and skin 

was obtained with informed consent of the donors (Ethics Committee reference number: 

04D08). 

The penetration study was conducted using Franz diffusion cells (Figure 3.1) with an 

exposed skin area of 1.13 cm2 and a receptor volume of approximately 2 mL. White, 

human female abdominal skin was obtained from cosmetic surgery (Sunward Park 

Hospital, Boksburg, South Africa) and prepared within 24 hours after removal. The skin 

was rinsed with deionized water and dried with paper tissue. The surface of the skin was 

once wiped with an ethanol soaked cotton swab to remove possible fat residual from the 

subcutaneous fat layer. Afterwards a skin layer of a thickness of 400 urn was dermatomed 

with a Zimmer® electric dermatome (Zimmer Inc., Warsaw, IN, USA). The prepared skin 

was placed dermal side down on filter paper and stored in aluminum foil at -20 °C until 
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use. One hour prior to diffusion study the skin was thawed at room temperature, cut into 

circular pieces and placed epidermal side up between donor and receptor chamber. 

donor chamber 

skin membran -

receptor chamber 
sampling arm 

V i i *5- magnetic stir bar 

Figure 3.1 Schematic illustration of a Franz diffusion cell. 

Prior to the penetration experiment, skin integrity was tested by measuring the electrical 

resistance across the skin using a Tinsley LCR Databridge Model 6401 (Tinsley Precision 

Instruments, Croydon, UK). Therefore, donor and receptor chambers were filled with 0.9% 

aqueous sodium chloride and the Franz diffusion cells were placed in a preheated water 

bath at 37 ± 1 °C. After an equilibration period of 30 min the electrical resistance was 

measured. Afterwards, the aqueous sodium chloride was removed and the receptor 

compartments were filled with receptor fluid (water/ethanol 1:1, v/v). After an equilibration 

time of another 30 min in the water bath, 25 uL of an oil-in-water emulsion containing 

1.8% Arlatone™ Dioic DCA was applied with a positive displacement pipette and spread 

evenly on the skin surface area with the tip of the pipette. The residual left on the tip of the 

pipette was also analyzed for C18:1 DIOIC after extraction with methanol and the applied 

amount of C18:1 DIOIC could be calculated for each cell. 

The duration of the study was 24 hours. At specified time intervals (3, 6, 9, 12, 18 and 24 

hours), the entire volume of receptor fluid was withdrawn and replaced with fresh receptor 

media. After taking the last receptor sample (Re sample) at 24 hours, the receptor 

chamber was rinsed twice with fresh receptor fluid. These solutions were subsequently 

added to the 24 h Re sample. After rinsing the receptor chamber, the donor residual left 

on the surface of the skin after conclusion of the permeation experiments was removed 

with cotton swabs (Do samples). The skin was removed from the cells and cut into smaller 

pieces to increase the surface area for extraction. C18:1 DIOIC was extracted from the Do 

and skin samples for at least 24 hours with methanol. 

A specified amount of internal standard was immediately added to all the samples. The 

amount of internal standard was calculated to correspond to a concentration of 500 ng/mL 

after appropriate dilution, evaporation of solvent and adding 50 uL of derivatization 

61 



GC-MS Analysis of Octadecenedioic Acid 

mixture as utilized for the calibration samples. The samples were kept at -20 °C until 

analysis. Prior to analysis, the samples were brought to room temperature, vortex mixed 

for 1 min and if necessary diluted. A specified volume was than pipetted into micro-inserts 

of autosampler vials and carefully dried under a stream of nitrogen. 25 uL BSTFA 

containing 15% TMCS and 25 uL pyridine were added and the samples were derivatized 

for 1 hour at 75 °C. One microliter of each sample was injected into the GC-MS. 

3.2.5 Recovery and specificity 

The same procedure as described under Sample preparation utilizing the same oil-in-

water emulsion but without Arlatone™ Dioic DCA was applied to obtain blank skin 

samples. The blank skin samples (Do, skin and Re sample) were divided into two aliquots 

and one of the aliquots as well as the same volume of methanol (control sample) were 

spiked with a known amount of C18:1 DIOIC (2000 ng/mL) and C18:0 DIOIC (500 ng/mL). 

The other aliquot of the blank skin samples was used to test for interferences (specificity). 

The experiments were performed in duplicates with skin from two different skin donors. 

The recovery of C18:1 DIOIC from the various skin samples was determined by 

comparing the amount of C18:1 DIOIC analyzed from the skin samples to the amount of 

C18:1 DIOIC determined from the control samples (prepared in methanol). 

3.3 Results and discussions 

3.3.1 Derivatization and chromatography 

In this study trimethylsilylation of the carboxyl groups of octadecenedioic acid and its IS 

using BSTFA was chosen to convert the analytes into more volatile and less polar 

derivatives. TMCS was added as a silylation catalyst and pyridine as a proton acceptor. 

First tests in SCAN mode illustrated that at least 10% TMCS and temperatures higher 

than 60 °C were necessary to detect TMS-esters of C18:1 and C18:0 DIOIC. Different 

temperatures (65, 75 and 85 °C) and incubation times (0.5, 1 and 1.5 h) as well as various 

amounts of catalyst (10 and 20%) were tested in SIM mode (m/z 441 [M-CH3]+ for C18:1 

DIOIC and m/z 443 [M-CH3]+ for C18:0 DIOIC) to optimize the derivatization procedure. 

No significant differences in peak area were obtained between the various tested 

derivatization procedures. Furthermore, all derivatization procedures resulted in 

symmetrical, narrow peaks for C18:1 and C18:0 DIOIC-TMS. Therefore, it can be 

concluded that the incubation of the sample at 65 °C for 1 hour with a catalyst 

concentration of 10% TMCS in BSTFA yielded complete derivatization as no increase in 

peak area and no change in peak symmetry occurred at higher temperatures, longer 

durations and/or increased catalyst concentrations. For further analysis the derivatization 
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was conducted using BSTFA containing 15% TMCS for 1 hour at 75 °C to ensure 

complete derivatization of C18:1 DIOIC and its internal standard. 

The mass spectra of C18:1 DIOIC-TMS (A) and C18:0 DIOIC-TMS (B) are shown in 

Figure 3.2. The molecular ions (m/z 456 for C18:1 DIOIC-TMS and m/z 458 for C18:0 

DIOIC-TMS) were unobservable or very weak. Both mass spectra show clear mass 

fragments related to dicarboxylic acids which have been converted to their di-TMS esters. 

Furthermore, the mass fragment pattern of C18:0 DIOIC-TMS was confirmed by computer 

library (Nist 98) matching (Figure 3.2C). On the other hand, no reference spectrum was 

available for C18:1 DIOIC-TMS. A mixture of dicarboxylic and monocarboxylic acids was 

used as a standard (because no authentic standard of C18:1 DIOIC was readily available) 

and therefore C18:1 DIOIC-TMS was identified by comparison of its mass spectral pattern 

with the one of C18:0 DIOIC-TMS (the saturated analogue). Additionally, the mass 

spectra of both compounds were verified by comparison with data reported in literature 

(5). It should be noted that the described method neither determines the position of the 

double bond within the molecule, nor distinguishes the trans from cis enantiomers. 

Abundance 

A 90000 
85000 

m/z-> 

75000 
70000 
G5000 
60000 
55000 
50000 
45000 
40000 
35000 
30000 
25000 
20000 
15000 
10000 
5000 

0 

73 Scan 308G (24.219 min): 13SEP02.D 

129 

95 441 [M-CH3]+ 

41 1 7 0 217 27G 

t l , J U j L U ^ I , ^ „ ,2t8 I 309 333 J 397̂ 9,1,463 
50 100 150 200 250 300 350 400 450 

487 ^ .525 549 
' 500 ' 550 

Figure 3.2 Mass spectrum of (A) standard C18:1 DIOIC-TMS (5 ug/mL) after 

derivatization and GC-MS analysis as described in text. 

63 



GC-MS Analysis of Octadecenedioic Acid 

Abundance 

B 

m/z--> 

150000 
140000 
130000 
120000 
110000 
100000 
90000 
B0000 
70000 
G0000 
50000 
40000 
30000 
20000 
10000 

0 

73 

43 

IX 
50 

Scan 3153 [24.612 min): 13SEP01 .D 

204 

129 

95 

ifMiJi 

100 
WJL 

170 

IX 
150 200 

231 

327 

+>■ 
250 

271 297 
i JH-J" 

300 
Kh 371 399 

443 
[M-CH3]+ 

474 499 523 546 
350 400 450 500 550 

Abundance 

m/z--> 

9500 
9000' 
8500' 
8000 
7500' 
7000 
6500' 
6000' 
5500 
5000 
4500 
4000' 
3500 
3000 
2500 
2000 
1500 
1000 
500 
0 

73 

55 

k 

826090: Dctadecanedioic acid, bis(trimethylsiM) ester 

204 

129 

95 

4i 
147 

170 

327 

271 297 

443 

399 i i. i 237 i n 29/ q R 7 J33 

60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 

Figure 3.2 (continued). Mass spectrum of (B) standard C18:0 DIOIC-TMS (5 ug/mL) 

after derivatization and GC-MS analysis as described in text; (C) reference mass 

spectrum of C18:0 DIOIC-TMS, Nist 98. 

The quantitative analysis of C18:1 DIOIC was performed in SIM mode (m/z 441 for C18:1 

DIOIC-TMS and m/z 443 for C18:0 DIOIC-TMS) for enhanced sensitivity and specificity. 

The SIM chromatogram of a standard sample is shown in Figure 3.3A. According to 

Uniqema, Arlatone™ Dioic DCA also contained 0.54% C18:0 DIOIC (IS). This necessitated 

an additional test to assess if the small amount of C18:0 DIOIC, present in Arlatone™ Dioic 

DCA, interfered with the analysis of the added amount of IS. Therefore, a standard 

sample with a high concentration of Arlatone™ Dioic DCA containing 3000 ng/mL C18:1 

DIOIC (exceeding the highest concentration of the calibration curve) in methanol was 
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tested in SIM mode (m/z 443) for peaks at the retention time of C18:0 DIOIC. A minor 

peak occurred at the retention time of C18:0 DIOIC with a peak area less than 1.5% of the 

peak area of 500 ng/mL of C18:0 DIOIC (the added amount of IS). Therefore, the small 

amount of C18:0 DIOIC in Arlatone™ Dioic DCA was considered insignificant in the 

analysis of the added IS. An internal standard sample of 500 ng/mL C18:0 DIOIC in 

methanol was investigated in SIM mode (m/z 441) for possible interference with the 

analysis of C18:1 DIOIC. No peak was observed at the retention time of C18:1 DIOIC at 

m/z 441. Hence, it can be concluded that 500 ng/mL of the purchased C18:0 DIOIC could 

be employed as IS. 

Abundance 

Time--> 

12000 
10000 
3000 
G000 
4000 
2000 

0 
Abundance 

12000 
10000 

8000 
G000 
4000 
2000 

Time--> 0 

Ion 441.00 (440.70 to 441.70): 25JUL12.D 

24.32 

W 
23.50 24.00 24,50 25.00 25.50 2G.00 2G.50 27.00 27.50 23.00 23.50 29.00 29.50 

2 4 71 Ion 443.00 (442.70 to 443.70): 25JUL12.D 

r W -
23.50 24!00 2<50 25.00 25.50' '26.OO' 26! 50' 27!00 27.50' '28.'00 '28.50' 29!do' 29!50 

Abundance 
B 

Time--> 
Abundance 

4000 
3000 
2000 
1000 

0 

Time--> 

4000 
3000 
2000 
1000 

0 

Ion 441.00 (440.70 to 441.70): 25JUL04.D 

23.50 24.00 24.50 25.00 25.50 2G.00 2G.50 27.00 27.50 28.00 28.50 29.00 29.50 

Ion 443.00 (442.70 to 443.70): 25JUL04.D 

23.50 24.00 24.50 25.00 25.50 2G.00 2G.50 27.00 27.50 28.00 28.50 29.00 29.50 

Figure 3.3 SIM chromatograms (m/z 441 and 443) of (A) standard C18:1 DIOIC (1000 

ng/mL) with C18:0 DIOIC (500 ng/mL) and (B) blank Do sample after derivatization and 

GC-MS analysis as described in text. 
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Figure 3.3 (continued). SIM chromatograms (m/z 441 and 443) of (C) blank Re sample 

and (D) blank skin sample after derivatization and GC-MS analysis as described in text. 

3.3.2 Calibration curve 

The calibration curve of C18:1 DIOIC in methanol was obtained from three series of 

standard samples (250, 500, 750, 1000, 1500 and 2000 ng/mL) containing 500 ng/mL IS. 

The three series were prepared and analyzed on three different days. The calibration 

curve is shown in Figure 3.4. As the regression coefficient exceeds 0.99 (13), the 

correlation between the ratio of peak areas (analyte/IS) and concentration of analyte was 

found to be linear within the tested concentration range. Another set of calibration curves 

was generated in various matrices (blank Re sample, blank skin sample and blank Do 

sample) and compared with the calibration curve prepared in methanol. No significant 
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differences were observed between the various regression lines. As a result and the fact 

that no significant interference occurred from the impurities of the various matrices (as 

mentioned later), quantitative assessment of C18:1 DIOIC in the different matrices was 

performed using the calibration curve obtained in methanol. 
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Figure 3.4 Calibration curve of C18:1 DIOIC in methanol (mean ± SD of n=3 standard 

samples per concentration level analyzed on three different days). 

3.3.3 Recovery 

Recovery experiments were employed for two reasons, firstly to determine the extent of 

derivatization of C18:1 DIOIC and IS in the presence of impurities and secondly to 

establish the degree of extraction of the active ingredient from the various matrices. The 

highest C18:1 DIOIC concentration (2000 ng/mL) of the calibration curve and 500 ng/mL 

IS were used to perform recovery experiments. The lowest dilution of skin samples was 

employed as to ensure inclusion of the highest amount of impurities as they also 

consumed BSTFA for derivatization. These samples were compared with unextracted 

samples prepared in methanol and recovery values between 85-115% were considered 

acceptable. The recovery of C18:1 DIOIC from the different skin samples was as follows: 

92.6% from the Do sample, 104.0% from the skin sample and 101.0% from the Re 

sample. The values were within the acceptance range and therefore it was demonstrated 

that the extraction efficacy and derivatization of C18:1 DIOIC from various skin sample 
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matrices were sufficient up to a concentration of 2000 ng/mL C18.1 DIOIC and 500 ng/mL 

IS. 

3.3.4 Specificity 

Blank skin samples obtained from two different skin donors were tested for interference. 

According to the guideline for bioanalytical method development from the US Food and 

Drug Administration (FDA) (14), a minimum of six different skin donors should be 

employed to establish the specificity of the method. The availability of human skin is 

limited and therefore only two skin donors were used to test for interference. However, 

during diffusion studies a blank Re sample was collected from each skin donor employed 

in the experiments and analyzed for interference. 

No peaks were detected in the SIM chromatograms at the retention time of C18:1 DIOIC 

(m/z 441) and C18:0 DIOIC (m/z 443) with the blank Do (Figure 3.3B), blank Re (Figure 

3.3C) and blank skin samples (Figure 3.3D). An impurity peak in the SIM chromatogram 

(m/z 443) of the blank Re sample at 25.3 min occurred. However, this peak did not 

influence the analysis of C18:0 DIOIC. Consequently, it could be concluded that the 

impurities of the various blank skin samples did not interfere with the analysis of C18:1 

DIOIC. 

3.3.5 Accuracy and precision 

Accuracy (percentage of measured concentration from nominal concentration) and 

precision (relative standard deviation) were established following the analysis of three 

standard samples at three different concentration levels (low, medium and high) in 

triplicate on the same day (within-day) and on four consecutive days (between-day). As no 

differences were assessed between the calibration curve prepared in methanol and 

calibration curves generated in the various matrices (Do sample, skin sample, Re 

sample), accuracy and precision were determined using standard samples prepared in 

methanol. The acceptance criteria were set at 85-115% for accuracy and 15% for 

precision (13,14). The obtained values are within the acceptance criteria (Table 3.1) and 

therefore the analytical method can be considered accurate and precise in the 

determination of C18:1 DIOIC in the concentration range between 250-2000 ng/mL. The 

limit of quantification (LOQ) of C18:1 DIOIC was set at 250 ng/mL as it could be analyzed 

accurately and precisely. 
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Table 3.1 Determination of within- and between-day accuracy and precision of the 

method. 

Cone, added Cone, found Accuracy Precision 
(ng/mL) (Mean ± S.D., ng/mL) (%) R.S.D. (%) 

Within-day (n=3) 

250 236.2 ±11.6 94.5 4.9 

1000 1024.2 ±3.2 102.4 0.3 

2000 1989.6 ± 13.1 99.5 0.7 

Between-day (n=4) 

250 243.7 ±16.8 97.5 6.9 

1000 993.0 ± 36.5 99.3 3.7 

2000 2117.0 ±70.4 105.8 3.3 

3.3.6 Stability 

Stability of C18:1 DIOIC and C18:0 DIOIC in methanol (stock solution) was tested at -20 

°C and 4 °C. Furthermore, the stability of both compounds in the receptor medium 

(ethanol/water 1:1, vA/) for 24 hours at 37 °C (corresponding to the duration of the 

permeation study) and afterwards at -20 °C and 4 °C was investigated. C18:1 DIOIC and 

C18:0 DIOIC were stable in methanol and receptor medium for at least 3 weeks at 4 °C 

and for at least 2 months at -20 °C. Additionally, no degradation was observed for both 

compounds after 24 hours in the receptor medium at 37 °C. 

As TMS derivatives are moisture sensitive and easily degradable, a stability test of both 

trimethylsilylated compounds in the derivatization mixture was performed. Therefore, the 

same sample after derivatization, left in the autosampler tray at room temperature (20 °C), 

was injected several times over a certain time period. It was found that the derivatized 

compounds were stable for at least 22 hours. This suggested a single day loading of 

samples during analysis. 

3.3.7 Quantitative analysis of octadecenedioic acid in human 

skin and transdermal perfusates samples 

The method was employed for the analysis of samples obtained from permeation 

experiments after application of an emulsion containing 1.8% Arlatone™ Dioic DCA onto 

human skin in vitro. Six replicates were performed and skin from three different skin 

donors was used to investigate for inter-individual variability (15). The recovered amounts 

of C18:1 DIOIC from the various skin samples and transdermal perfusates after 24 hours 
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permeation are given in Table 3.2. The cumulative amount permeated versus time plots 

are shown in Figure 3.5. 

Table 3.2 Skin permeation results of C18:1 DIOIC after 24 hours application of a 1.8% 

Arlatone™ Dioic DCA emulsion. 

nple Donor Skin Re24h Jss Total recovery 
(Mg/cm2) (Mg/cm2) (Mg/cm2) (Mg/cm2/h) (%) 

1 334.7 12.2 32.8 1.40 100.5 

2 284.3 9.7 59.5 2.58 95.1 

3 321.7 8.4 26.9 1.14 95.0 

4 332.0 8.1 26.0 1.10 97.6 

5 324.2 5.3 12.8 0.56 91.5 

6 256.2 4.8 13.1 0.58 73.2 

The steady-state flux (Jss) could be obtained from the slope of the linear part of the 

cumulative amount permeated versus time plot. The steady-state flux values of C18:1 

DIOIC are given in Table 3.2 and the regression coefficients for the linear regressions 

exceeded 0.996. The applied amount of C18:1 DIOIC for all six cells was 423.9 ± 2.3 

ug/cm2 (mean ± S.D.). 308.8 ± 31.6 ug/cm2 was washed off after the diffusion experiments 

(Do samples) and was considered as not absorbed by the skin. Only 8.1 ± 2.8 ug/cm2
 0 f 

C18:1 DIOIC was retained in the skin and 28.5 ± 17.2 ug/cm2 permeated the skin. It can 

also be seen from the results that differences between the various skin donors arose as 

reported in literature (16,17). Skin donor one (sample 1 and 2) showed the highest 

permeability for C18:1 DIOIC followed by skin donor two (sample 3 and 4) and skin donor 

three (sample 5 and 6). Furthermore, a high intra-individual variability occurred within skin 

donor one compared to skin donor two and three (Table 3.2, Figure 3.5). The reason 

might be a difference in skin integrity as determined by electrical resistance 

measurements across skin. The electrical resistance of sample 1 (22.6 kQ) was higher 

compared to sample 2 (17.9 kQ) indicating that the higher flux value of sample 2 might be 

due to a reduced skin integrity. The other two skin donors exhibited lower intra-individual 

variability in electrical resistance (skin donor two: 14.7 kQ (sample 3) and 14.6 kQ (sample 

4); skin donor three: 30.6 kQ (sample 5) and 32.2 (sample 6)). 
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Figure 3.5. Cumulative amount permeated versus time plot of C18:1 DIOIC through 

human skin in vitro after permeation experiments as described in text. 

To elucidate the reliability of the penetration data, the total recovery of C18:1 DIOIC after 

completion of the penetration experiment was determined. Therefore, the sum of Do 

sample, skin sample and all Re samples of each diffusion cell was calculated and referred 

to the applied amount of C18:1 DIOIC. The values of total recovery are also presented in 

Table 3.2. According to Diembeck et al. (15), the total recovery of the compound is 

recommended to be 100 ± 15%. The values of total recovery were within 91.5% and 

100.5% with the exception of one cell with a recovery of only 73.2%. Additionally, a low 

value of the Do sample was obtained for the same cell compared to the other cells 

indicating that an experimental error occurred during extraction of C18:1 DIOIC from the 

donor phase and/or washing off the residual donor phase after completion of the diffusion 

studies. Except of this one value, the recovery values confirmed that the extraction of 

C18:1 DIOIC from the different samples (Do, skin and Re samples) and the derivatization 

were complete. Furthermore, the high recovery corroborates the stability of C18:1 DIOIC 

during diffusion experiments, sample handling and storage as well as the reliability of the 

analytical method. 

3.4 Conclusion 

In conclusion, the presented GC-MS method is an accurate, precise and reliable 

technique to determine octadecenedioic acid in human skin and transdermal perfusates 
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with adequate recovery. It was shown that with the use of a mass spectrometric detector 

in SIM mode the sensitivity and specificity is sufficient to employ the method in 

percutaneous permeation studies for the quantitative assay of skin samples. Furthermore, 

the sensitivity of the method allows the assessment of low concentrations of C18:1 DIOIC 

in transdermal perfusates and therefore the method can be employed for the 

determination of flux of octadecenedioic acid through human skin. 
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CHAPTER 4 
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Abstract 

In this study the effect of two penetration modifiers, dimethyl isosorbide (DMI) and 

diethylene glycol monoethyl ether (DGME) on the skin delivery of hydroquinone (HQ), 

salicylic acid (SA) and octadecenedioic acid (DIOIC) was investigated. 10% DMI and 

DGME were separately formulated into o/w emulsions containing 1.8% HQ, SA and 

DIOIC, respectively. Skin delivery and the flux across split-thickness human skin of the 

actives were determined using Franz diffusion cells. An emulsion with 10% water 

incorporated instead of the water-soluble penetration modifiers served as a control. The 

study showed that neither 10% DMI nor 10% DGME significantly enhanced the skin 

permeation of the various lipophilic active ingredients or the uptake into the skin. It was 

hypothesized that the addition of the penetration modifiers to the emulsions not only 

enhanced the solubility of the various active ingredients in the skin but also in the 

formulation resulting in a reduced thermodynarnic activity and hence a reduced driving 

force for penetration. Therefore, the effect of DMI and DGME on the solubility of the active 

ingredients in the skin was counteracted by a simultaneous reduction of the 

thermodynarnic activity in the formulation. 

Key words: dermal and transdermal delivery, diethylene glycol monoethyl ether, dimethyl 

isosorbide, hydroquinone, octadecenedioic acid, permeation modifiers, salicylic acid 
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4.1 Introduction 

The amount of drug or cosmetic active ingredient that can be delivered into the skin 

(dermal delivery) or through the skin (transdermal delivery) depends on the integrity of the 

skin barrier, the physicochemical properties of the permeant, the physicochemical 

properties of the vehicle in which the permeant is applied to the skin, and the dosing 

conditions [1]. The outermost layer of the skin, the stratum corneum, is recognized to be 

the major barrier to transport of molecules across healthy skin. One way to enhance the 

dermal and transdermal delivery is to reduce the resistance of the stratum corneum to 

penetration by including penetration modifiers. Two main mechanisms of penetration 

enhancement can be distinguished. Firstly, the penetration modifier penetrates into the 

skin and increases the permeant's solubility in the skin (solubility modifier) and therefore 

increases the partition coefficient of the active ingredient between skin and vehicle. 

Secondly, the penetration enhancer diffuses into the skin and interrupts the intercellular 

lipid packing and hence increases the diffusivity (diffusion coefficient) of the permeant in 

the skin. Azone® (laurocapram) and terpenes are examples of molecules that disrupt the 

ordered lipid bilayer structure of the stratum corneum and hence increase the intercellular 

lipid fluidity resulting in enhanced diffusivity of the permeant [2]. Care has to be taken in 

using this kind of penetration enhancer because of their skin irritancy potential [3]. 

The solubility penetration modifiers that worked via increasing the solubility of the drug or 

cosmetic ingredient in the skin were used in this study. Diethylene giycol monoethyl ether 

(Transcutol®, DGME) is an excellent solubilizing, non-toxic as well as skin biocompatible 

agent [4] which penetrates skin [5]. It was found that DGME did not influence the 

diffusivity of the permeant, e.g. no changes in the differential scanning calorimetry (DSC) 

thermograms of DGME-treated skin were detected [6]. Furthermore, studies showed that 

DGME acted mainly by enhancing the permeant's solubility in the skin [7,8]. DGME has 

been extensively investigated as a penetration modifier and different results were found. 

In the presence of DGME the skin retention of dexamethasone and hydrocortisone was 

enhanced, while the permeability and therefore the transdermal delivery were significantly 

decreased indicating the development of an intracutaneous depot for these two drugs [9]. 

Similar results were acquired by Godwin et al. [4] and Mutalik and Udupa [10] who found 

an increase in dermal delivery of cinnamate, oxybenzone, glibenglamide and glipizide 

without an enhanced transdermal delivery. Additionally, it was found that the effect of 

DGME was concentration dependent as the skin accumulation improved with increasing 

concentration of DGME in the vehicle [4,9]. Other studies obtained an increase in 

permeability and transdermal delivery e.g. of metoprolol, griseofulvin as well as lorazepam 

and clonazepam [8,11,12] or no permeability enhancement, e.g. of heparin [13]. 
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In this study another possible solvent type penetration enhancer, dimethyl isosorbide 

(Arlasolve DMI, DMI) was investigated and compared with DGME. DMI is a very good 

solvent for non-polar drugs especially in a mixed system with water [14] and it was found 

that it also could penetrate skin [15,16]. DSC analysis revealed only a slight change in 

phase transition temperature of DMI-treated mice skin [16] indicating no significant 

interruption of intercellular lipid packing and therefore no potential of DMI to increase 

diffusivity of permeants. A study from Twist and Zatz [17] showed that the flux of 

theophylline and methylparaben from the DMI vehicle was reduced compared with the 

water vehicle. However, no data of skin retention were attained. Recently, Rossi etal. [18] 

discovered that the addition of DMI to an emulsion increased the dermal delivery of the 

hydrophilic penetrant propagermanium while no enhanced permeation through the skin 

was obtained. 

Three different active ingredients, hydroquinone (HQ), salicylic acid (SA) and 

octadecenedioic acid (DIOIC), with different lipophilicities were used in this study to 

investigate the effect of DMI (in comparison with DGME) as a solubility modifier on the 

dermal and transdermal delivery. Hydroquinone and octadecenedioic acid are known 

depigmentation agents used in skin toning products and in pharmaceutical formulations 

for the treatment of melasma. Both inhibit the synthesis of melanin; however the 

mechanism of action is different for HQ and DIOIC. HQ functions by directly inhibiting the 

existing tyrosinase enzyme, whereas DIOIC reduces the formation of new tyrosinase 

enzyme by binding to the y-isoform of the peroxisome proliferator-activated receptor 

(PPARy) yielding a reduced expression of tyrosinase mRNA [19]. Salicylic acid is a well-

established keratolytic utilized, among other indications, in the treatment of acne and 

psoriasis. The site of action for all three active ingredients is the epidermis. Therefore, 

there is considerable interest in the increase of skin accumulation (more specifically 

epidermis), while the transdermal delivery should be decreased as to minimize the 

systemic availability of HQ, SA and DIOIC. Because DGME and DMI have shown to be 

capable of enhancing dermal delivery without enhancing transdermal delivery, both 

penetration modifiers were employed in this study to assess the effect on dermal and 

transdermal delivery of HQ, SA and DIOIC from an oil-in-water emulsion. 

4.2 Materials and methods 

4.2.1 Materials 

Hydroquinone from Fluka (Buchs, Switzerland), salicylic acid from Sigma Aldrich (Dorset, 

UK) and Arlatone™ Dioic DCA from Uniqema (Gouda, The Netherlands) were used as 

test substances. Dimethyl isosorbide (DMI) was kindly provided by Uniqema (Gouda, The 
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Netherlands). Diethylene glycol monoethyl ether (Transcutol®, DGME) was obtained from 

Gattefosse (Saint Priest, France). Hydroquinone-d6, 2-hydroxybenzoic acid-d6 and 1,18-

octadecanedioic acid were purchased from Dr. Ehrenstorfer (Augsburg, Germany) and 

were used as internal standards for GC-MS analysis. Methanol (Hypersolv™, HPLC 

grade) and absolute ethanol (Chromasolv™) were obtained from BDH (Dorset, UK) and 

Sigma Aldrich (Johannesburg, South Africa), respectively. N,0-

bis(trimethylsilyl)trifluoroacetamide (BSTFA) and trimethylchlorosilane (TMCS) were 

purchased from Supelco (Bellefonte, PA, USA). Dried pyridine (max. 0.0075% H20) was 

obtained from Riedel de Haen (Seelze, Germany). Disodium dihydrogen 

ethylenediaminetetraacetate (disodium EDTA) was obtained from BASF (Cheshire, UK) 

and sodium disulfite was purchased from Merck (Darmstadt, Germany). Deionized water 

from a Millipore Milli-Q purification system was employed. The test formulations (o/w 

emulsions) were prepared at Uniqema (Wilton, UK) and 10% water, DMI or DGME was 

added afterwards prior to the diffusion experiments. The composition of the nine final test 

formulations is described in Table 4.1. 

4.2.2 Statistical design of the permeation experiments 

A randomized complete block design was used to assess the effect of skin donor 

variability as well as the effect of formulation on dermal and transdermal delivery. Three 

different skin donors were used per formulation and each formulation was applied in 

duplicate on each skin donor giving a total of six replicates per experiment. 
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Table 4.1. Composition of the o/w emulsions of the various active ingredients with either 

10% water (control), DMI or DGME. 

Ingredients 
o/w emulsion 

ofHQ 
% (w/w) 

o/w emulsion 
of DIOIC 
% (w/w) 

o/w emulsion 
ofSA 

% (w/w) 
Hydroquinone 1.8 
Salicylic acid 0.9 
Octadecenedioic acid 1.8 
Water or dimethyl isosorbide (DMI) or 
diethylene glycol monoethyl ether 
(DGME) 

10.0 10.0 10.0 

Propylene glycol isostearate 13.5 13.5 9.0 
Triethylhexanoin 2.7 2.7 
Squalane 7.2 
Steareth-21 4.5 
Steareth-2 0.9 
Glycerine 3.6 3.6 3.6 
Xanthan gum 0.36 0.18 0.18 
Sorbitan stearate and sucrose 
cocoate 4.95 4.95 

Disodium EDTA 0.18 
Sodium disulfite 0.135 
Propylene glycol and diazolidinyl urea 
and methylparaben and 
propylparaben 

0.9 

Phenoxyethanol, methylparaben, 
propylparaben and 2-bromo-2-
nitropropane-1,3-diol 

0.63 0.63 

Water ad 100.0 ad 100.0 ad 100.0 

4.2.3 Solubility studies 

Solubility of HQ, SA and DIOIC in water, DMI and DGME, respectively was assessed by 

stirring excess amount of each compound in the relevant pure solvent for 48 h. Solubility 

was determined at 20 °C and each experiment was conducted in duplicate. After 

saturation had occurred, samples were withdrawn, filtered and analyzed by gas 

chromatography with mass spectrometric detection (GC-MS). 

4.2.4 Preparation of human skin membranes 

The project "In vitro transdermal delivery of drugs through human skin" was approved by 

the Ethics Committee of the North-West University (Potchefstroom, South Africa) and skin 

was obtained with informed consent of the donors. 
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Fresh white, female abdominal skin was obtained from cosmetic surgery and prepared 

within 24 hours post surgery. The skin was rinsed with deionized water and dried with a 

paper tissue. The surface of the skin was once wiped with an ethanol-moistened cotton 

swab to remove possible fat residual from the subcutaneous fat layer and surface 

sebaceous lipids. A skin layer of a thickness of 400 urn including stratum corneum, viable 

epidermis and upper dermis with a width of 2.5 cm was prepared using an electric 

dermatome (Zimmer Inc., Warsaw, IN, USA). The skin was placed dermal side down on 

filter paper and stored in aluminium foil at -20 °C until use. The time of storage did not 

exceed six months. One hour prior to the diffusion experiments the skin was thawed at 

room temperature and cut into circular pieces (15 mm in diameter). 

4.2.5 Permeation experiments 

Franz type diffusion cells with an exposed skin area of 1.13 cm2 and a receptor volume of 

approximately 2 ml were employed. The experiments were conducted in a water bath 

maintained at a temperature of 37 ± 1 °C. Preceding permeation experiments, skin 

integrity was assessed by measuring the electrical resistance across the skin [20]. The 

prepared skin pieces were placed epidermal side up between donor and receptor 

compartment. Donor and receptor chambers were filled with 0.9% aqueous sodium 

chloride, degassed in an ultrasonic water bath for 15 min, and the Franz diffusion cells 

were placed in a pre-heated water bath. After an equilibration period of 30 min the 

electrical resistance was measured using a Tinsley LCR Databridge Model 6401 (Tinsley 

Precision Instruments, Croydon, UK). The reading was determined at 1 kHz with a 

maximum voltage of 300 mV root-mean-square in the parallel equivalent circuit mode 

using an alternating current [20]. Cells with a resistance lower than 10 kO were rejected 

and for comparison studies, the cells with similar resistance values within one skin donor 

were chosen for diffusion studies. After the resistance measurements the aqueous sodium 

chloride was removed. The receptor chamber was filled with pre-heated receptor solution 

consisting of water/ethanol (1:1, v/v). Electrical resistance measurements indicated that 

the skin barrier integrity was not affected by 50% ethanol in the receptor fluid after 24 

hours permeation studies (see Discussion). The high reduction potential of hydroquinone 

necessitated stabilization of the receptor medium with 0.02% (w/v) disodium EDTA (for 

chelating metal ions) and 0.015% (w/v) sodium disulfite (as anti-oxidant). Prior to filling the 

receptor chamber, the receptor fluid was degassed in an ultrasonic bath for 15 min to 

prevent air pockets underneath the skin membrane. The receptor fluid was stirred with a 

magnetic stirrer at 500 rpm. The surface of the skin was dried with a dry cotton swab. The 

system was equilibrated in the water bath for another 30 min followed by the application of 

the formulations. 25 ul of the emulsions were applied with a 25 ul Microman® positive 
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displacement pipette (Gilson, Inc., Middleton, Wl, USA) and spread evenly on the skin 

surface area with the tip of the pipette. The applied amount of formulation was higher than 

what is used in practice to allow the determination of flux data. The residue remaining on 

the tip of the pipette was analyzed and the exact applied amount of active could be 

calculated for each cell. The donor compartment was covered with a cap. At specified 

time intervals the entire receptor fluid was withdrawn and replaced with fresh pre-heated 

receptor media. The duration of the study was 24 hours for DIOIC and 8 hours for HQ and 

SA. The shorter experimental time for HQ and SA was chosen because of the much faster 

permeation of HQ and SA. 

4.2.6 Sample preparation 

At the completion of the diffusion study, the receptor chamber was retained and rinsed 

twice with fresh receptor fluid. These solutions were subsequently added to the last 

receptor sample. After rinsing the receptor chamber, the donor residual left on the surface 

of the skin after the conclusion of the permeation experiments was removed with 

methanol moistened cotton swabs. The skin was removed from the cells and placed with 

the dermal side facing down on a microscope slide. Stratum corneum was partially 

removed by tape stripping the skin membrane 15 times using 3M Scotch® Magic™ tape 

(tape strips sample). Tests performed prior to the experiments showed that tape stripping 

more than 15 times did not increase the amount of permeant in the tape strips samples. 

The remainder of the skin (rest skin sample) was cut into smaller pieces to increase the 

surface area for extraction. Methanol (SA, DIOIC) and aqueous stabilization solution of 

0.02% (w/v) disodium EDTA and 0.015% (w/v) sodium disulfite in deionized water (HQ), 

respectively, was added for extraction. A specified amount of respective internal standard 

was immediately added to all the samples and vortex mixed. The internal standards were 

deuterium labeled HQ-d6 (HQ), SA-d6 (SA) and 1,18-octadecanedioic acid (DIOIC), 

respectively. The samples were extracted over a period of at least 24 hours and stored at 

4 °C. DIOIC samples were refrigerated at -20 °C until analysis. A longer storage period did 

not have an effect on stability (tests were performed prior to the experiments). Preceding 

analysis, the samples were brought to room temperature for equilibration, vortex mixed for 

1 min and diluted with the appropriate extraction fluid as required. A specified volume of 

the sample was pipetted into micro-inserts of autosampler vials and carefully dried under 

a stream of nitrogen. The samples were then derivatized with N,0-

bis(trimethylsilyl)trifluoroacetamide (BSTFA), trimethylchlorosilane (TMCS) and pyridine 

(HQ and SA: 25 ul BSTFA with 1% TMCS + 25 ul pyridine, 30 min at 40 °C; DIOIC: 25ul 

BSTFA with 15% TMCS + 25 ul pyridine, 60 min at 75 °C). 
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4.2.7 Analytical methods 

The TMS derivatives were analyzed using an Agilent® 6890 plus GC equipped with an 

Agilent® 5973 Mass Selective (MS) Detector in electron-impact (El) mode (70 eV). 

Aliquots of 1 ul of each sample were injected and a 30 m length * 250 urn and 0.25 urn 

film thickness DB-5 column (Agilent®) was used for the analysis of all three compounds. 

The analytical analyses of HQ and SA were performed as described previously [21]. The 

GC parameters for the analysis of DIOIC were as follows: The injector temperature was 

maintained at 270 °C and operated in the splitless mode at 0.8 bar, with a purge flow rate 

of 21.3 ml/min after 1.00 min. Ultra high purity helium was utilized as the carrier gas and 

the column flow was maintained constant at 1.2 ml/min. The initial oven temperature was 

set at 80 °C with a 2.0 min hold period and was then ramped to 265 °C at 20 °C/min and 

finally ramped from 265 °C to 300 °C at a rate of 30 °C/min. The oven was maintained at 

300 °C for 2.0 min for a total run time of 32.42 min. The transfer line was set at 280 °C, 

the source temperature at 230 °C and the quadrupole at 150 °C. The MS was operated in 

the selected ion monitoring (SIM) mode. Ions monitored for the derivatized DIOIC and the 

respective internal standard were m/z 441 and 443, respectively, measured with a dwell 

time of 100 ms. The retention time was 24.3 min for DIOIC and 24.7 min for the internal 

standard. Quantitation was performed based on the ratio of the peak area of the active 

ingredient to the peak area of the internal standard. 

4.2.8 Data and statistical analysis 

The cumulative amount permeated was plotted versus time (permeation plots) and 

applied to a curve fitting procedure described by Diez-Sales et al. [22]. Eq. 4.1 [23] was 

used to fit the data. 

Q(t) = AKhCv 
_ t 1 2 v-(-l)" f -DnV^ 
D—z- r> , exp ; 

h2 6 * * £ i n2 ( h2 

(4.1) 

where Q(t) is the amount of active ingredient permeating the skin within time t. K is the 

partition coefficient of the permeant between skin and vehicle, h represents the diffusional 

path length, D is the diffusion coefficient of the permeant in the skin and Cv is the actual 

concentration of the permeant in the donor vehicle. As t approaches infinity, the 

exponential term becomes negligible and Eq. 4.1 can be simplified to: 

Q(t) = AKhCv h2 6 
(4.2) 
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K and D are unknown and therefore the products K*h and D/h2 were replaced by a and /3 

which were determined by fitting Eq. 4.2 to the experimental obtained permeation plots 

using a computerized non-linear least square method (EasyPlot, Spiral Software, Norwich, 

VT, USA). The permeability coefficient (kp) and flux (J) values were calculated using Eq. 

4.3 and 4.4, respectively. 

k,=^-(=ajS) (4-3) 
h 

J = kpCv (4.4) 

Two-way analysis of variance (ANOVA) was performed with STATISTICA® (StatSoft Inc., 

Tulsa, OK, USA) using the formulation as a fixed effect and the skin donor as a random 

effect. Bonferroni test was employed to compare the various formulations with each other 

and data with p < 0.05 were considered statistically significant. 

4.3 Results 

4.3.1 Physicochemical properties of active ingredients and 
penetration modifiers 

Structural formulae, molecular weights and octanol-water-partition coefficients (LogP) of 

HQ, SA and DIOIC as well as of the penetration modifiers DMI and DGME are presented 

in Table 4.2. HQ, SA and DIOIC were chosen in this study as they covered a range of 

lipophilicities from slightly lipophilic (HQ) to very lipophilic (DIOIC) as indicated by the 

octanol-water-partition coefficients. 
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Table 4.2 Structural formulae, molecular weights (MW) and predicted octanol-water-

partition coefficients (LogP) of the active ingredients as well as penetration modifiers. 

Compound Structural formulae MW LogP 

LogP (octanol/water) were calculated using ChemSketch 10.0 + ACD/LogP Software 

(Advanced Chemistry Development, Inc., Toronto, Canada) 

The saturated solubility of each compound in water, DMI and DGME, respectively, was 

determined and the data are shown in Table 4.3. HQ solubility was 5 times higher in DMI 

and DGME compared with its water solubility. Salicylic acid was slightly water soluble but 

the solubility was increased by a factor of approximately 150 in DMI and DGME. DIOIC, 

practically insoluble in water, showed a much higher solubility in DMI and DGME (more 

than 1,000,000-fold higher). Comparing the data (Table 4.3), the solubilities of the various 

compounds were of a similar magnitude in DMI and DGME. However, the solubility was 

higher in DMI and DGME, compared with water, and the increase in solubility (in DMI and 

DGME) was higher the more lipophilic the compound. The solubility value of SA in DMI 

was slightly higher than a previously reported value of 288 ± 10 mg/ml at 25 °C [24]. 
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Table 4.3 Saturated solubility of HQ, SA and DIOIC in water, DMI and DGME at 20 °C. 

Solubility in mg/ml HQ SA DIOIC 

water 64 ± 0.4 2 + 0.2 < 100ng/ml 

DMI 337 + 1 316 + 0.5 106 ±4 

DGME 341 +3 390 ±1 153 ±4 
Mean ± S.D. (n=2) 

4.3.2 Permeation study 

The total recovery of each penetrant at the end of the permeation study was calculated 

and the results are shown in Table 4.4. According to Diembeck et al. [25], the total 

recovery of the compound is recommended to be 100 ± 15%. The recovery values for HQ 

and SA in this study are well within this recommended interval. The recoveries of DIOIC 

were slightly lower; however, they were still acceptable and the loss of DIOIC might have 

occurred during removing the residual donor phase after the permeation studies. These 

recovery values showed the reliability of the permeation data as all the applied amount of 

compounds could be recovered and no major loss occurred during experiments, 

extraction, sample handling and analytical detection. 

Table 4.4 Total recoveries of HQ, SA and DIOIC after completion of the permeation 

experiments. 

Total recovery (%) HQ SA DIOIC 
Water 100.3 ±2.3 95.8 ±2.1 92.2 ± 9.8 

DMI 102.1 ±2.6 99.7 ±1.1 87.9 ±5.4 

DGME 104.6 ±3.8 97.6 ± 4.8 93.3 ±6.0 
Mean ± S.D. (n=6) 

The results of the permeation experiments are presented in Fig. 4.1 (HQ), Fig. 4.2 (SA) 

and Fig. 4.3 (DIOIC) and are expressed as total amount delivered over the duration of the 

skin penetration experiment as least square means (formulation effect, subtracting the 

variation contributed by the various skin donors as ANOVA revealed an effect of skin 

donor on all dependent variables) ± 95% confidence interval (C.I.). Prior to ANOVA, the 

experimental data were evaluated for normal distribution (Shapiro-Wilk W test with p > 

0.05) and homogeneity (Bartlett and Levene's test). If required a logarithmic 

transformation of the dependent variables was performed in order to obtain normal 

distribution as well as homogenous variability with subsequent analysis of the log-

transformed data. This transformation confirmed that the permeation data here also 

followed a log-normal distribution as was previously reported [26]. 
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160 

tape strips rest skin receptor 

Fig. 4.1 Skin permeation data of hydroquinone (a 10% water, ■ 10% DM I, ■ 10% DGME) 

expressed as total amount delivered over 8 hours of skin penetration experiment as least 

square means (formulation effect) ± 95% confidence interval (C.l.) obtained after two-way 

ANOVA. 

140 

tape strips rest skin receptor 

Fig. 4.2 Skin permeation data of salicylic acid (□ 10% water, ■ 10% DMI, ■ 10% DGME) 

expressed as total amount delivered over 8 hours of skin penetration experiment as least 

square means (formulation effect) ± 95% confidence interval (C.l.) obtained after two-way 

ANOVA. 
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Fig. 4.3 Skin permeation data of octadecenedioic acid (n 10% water, ■ 10% DM I, ■ 10% 

DGME) expressed as total amount delivered over 24 hours of skin penetration experiment 

as least square means (formulation effect) ± 95% confidence interval (C.I.) obtained after 

two-way ANOVA. DIOIC tape strips samples could not be analyzed because of analytical 

interference and therefore tape stripping was not performed and only the amount in the 

total skin was assessed. 

It can be seen from Fig. 4.1-Fig. 4.3 that for each compound the three tested formulations 

did not show significant differences in skin retention as well as skin permeation. 

Statistically significant differences were only observed for the tape strips samples of HQ 

where the formulation with 10% DMI and DGME had a lower amount of HQ compared 

with the control formulation (10% water). Though these differences were statistically 

significant, they were minor and could be seen as practically not relevant. Because of 

analytical interference of the adhesive tape used in the DIOIC tape strips samples, these 

could not be analyzed. Therefore, tape stripping was not conducted after the permeation 

study and only the amount of DIOIC in the total skin samples was assessed (Fig. 4.3). 

The permeation profiles of HQ and DIOIC were applied to a non-linear curve fitting 

procedure [22] to separate the effect of the penetration modifiers on diffusion coefficient 

and partition coefficient. A pre-study yielded sigmoidal permeation curves of SA, indicating 

depletion in the donor phase. Therefore, the non-linear curve fitting procedure was not 

used for the SA data. The obtained a, (I, kp and flux values for HQ and DIOIC are shown 

in Table 4.5. Assuming that the diffusional path length was equal for each skin piece, a 

provided information about changes in the partition coefficient (K) and /3 revealed changes 

in the diffusion coefficient (D). As expected for DMI and DGME, they slightly increased the 

skin partitioning (~cr) of HQ and DIOIC, though in the case of HQ, the differences were not 

skin receptor 
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statistically significant. In contrast, the diffusion coefficients (~/3) of HQ and DIOIC were 

slightly decreased, and the reduction in /3 was statistically significant. Nevertheless, the 

data of a and li should be used judiciously in interpreting the results as the experiments 

did not produce a sufficient number of data points in the non-steady state region of the 

permeation curves to obtain reliable (3 values [3]. 

No significant differences were obtained in permeability coefficient and flux data of DIOIC 

when applied with the penetration modifiers. However, a slightly reduced permeability 

coefficient (statistically significant for DMI and DGME) and Flux (statistically significant for 

DGME) of HQ was obtained with the formulations containing penetration modifiers. 
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Table 4.5 Data of a, (3, permeability coefficient (kp) and flux (J) after applying a non-linear curve fitting procedure to the permeation profiles of 

HQ and DIOIC presented as least square means (LSM, formulation effect) ± 95% confidence interval (C.I.). 

HQ cr=Kxh(*10-3) /* = D/h2 kp (cm/h) (x10^) J (Mg/cm2/h) 
HQ 

LSM 95% C.I. LSM 95% C.I. LSM 95% C.I. LSM 95% C.I. 

10% water 5.2 4.1-6.5 0.18 0.15-0.22 9.5 7.8-11.6 18.9 15.5-23.1 
10% DM I 6.8 5.4-8.6 0.09* 0.08-0.11 6.3* 5.1 -7 .6 14.1 11.6-17.2 

10%DGME 6.8 5.4-8.5 0.09* 0.07-0.10 6.0* 4 .9-7.3 12.2* 10.1 -14.9 

DIOIC 
a=Kxh(x10^) /* = D/h2 kp (cm/h) (x10-5) J(Mg/cm2/h) 

DIOIC 
LSM 95% C.I. LSM 95% C.I. LSM 95% C.I. LSM 95% C.I. 

10% water 2.8 1.9-4.3 0.22 0.16-0.30 6.1 4.9-7.6 1.1 0.9-1.3 

10% DM I 6.2* 4 .1-9 .4 0.09* 0.07-0.13 5.8 4.6-7.2 1.1 0.9-1.3 

10%DGME 6.8* 4.5-10.3 0.11* 0.08-0.15 7.6 6.1 - 9 .4 1.3 1.0-1.6 
* p < 0.05 (comparison to control) 
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4.4 Discussion 

50% ethanol was used in the receptor fluid to ensure sink conditions for the more lipophilic 

compounds (DIOIC and SA). The use of ethanol in such a high concentration may be 

detrimental to the skin barrier properties as ethanol could extract skin lipids [27]. 

Therefore, prior to the permeation experiments a test was performed to monitor the 

changes in electrical resistance during the time of permeation studies. The experimental 

setup was the same as described for the permeation studies except that no emulsion was 

applied. The electrical resistance was measured at time 0 (before adding the 50% ethanol 

receptor fluid) and after 24 hours of permeation studies. The values are given in Table 

4.6. 

Table 4.6 Electrical resistance across the skin at 0 hour and after exposing the skin to 

the receptor fluid (ethanol/water 1:1, v/v) at 37 °C for 24 hours. 

Skin donor (replicate) Electrical resistance (kQ) Electrical resistance (kQ) 
at 0 hour after 24 hours 

1 (1) 13.1 10.2 

1 (2) 6.3 9.1 

2(1) 20.9 18.8 

2(2) 22.4 18.5 

3(1) 10.0 10.6 

3(2) 9.2 10.2 
Experiments were performed with 3 different skin donors and two replicates per skin 

donor. 

It could be concluded that the skin barrier integrity was maintained during 24 hours 

permeation study using 50% ethanol in the receptor fluid. It is also emphasized that the 

data should not be used to mimic in-vivo situation and the experimental setup was 

employed simply to compare different formulations with each other. Another important fact 

to mention is that the composition of receptor and donor phase was very different what 

might have resulted in a concentration gradient of ethanol across the skin and therefore 

back diffusion of ethanol into the donor phase. As this was assumed to take place at the 

same extent for each experiment, the relative differences between various formulations 

should be unaffected. 

In summary, neither permeation enhancement nor increased skin retention of the three 

different compounds (Fig. 4.1-Fig. 4.3) was obtained after application of a semi-finite dose 

of an o/w emulsion with 10% DM I and DGME, respectively. An explanation for these 
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results might be the change in driving force for diffusion of the active ingredients because 

of the addition of the penetration modifiers. 

The thermodynamic activity of the active ingredient in the donor vehicle determines its 

driving force for diffusion across the skin. As seen from the solubility results (Table 4.3), 

the solubility of all actives was significantly higher in pure DMI and DGME compared with 

water. Therefore, it was deduced that by the addition of 10% DMI or DGME, the solubility 

of the active ingredients in the formulations containing a permeation modifier was 

enhanced to some extent compared with the control formulation (with 10% water). This 

increase in solubility would result in a reduced thermodynamic activity of the active 

ingredient and consequently in a smaller driving force for diffusion and therefore a 

reduced penetration. But as both DGME and DMI are known to penetrate the skin [5,15], it 

will also increase the solubility of HQ and DIOIC in the stratum corneum, which will 

enhance skin penetration. 

Whether skin penetration is enhanced or reduced depends on which solubility is most 

increased. If the solubility in the formulation is more increased than that in the stratum 

corneum, skin penetration will be reduced. On the other hand, if the solubility of the 

penetrants in the stratum corneum is more increased than that in the formulation, then 

skin penetration will be enhanced. The fact that a (a measure for K, the partition 

coefficient, which is defined as the ratio between the solubility of the penetrant in the 

stratum corneum and the formulation) was not significantly altered for HQ when either 

DGME or DMI was added to the formulation means that the two effects levelled each 

other out. The increase in a for DIOIC with DGME and DMI, however, was counteracted 

by the reduced (3, leading to no increase in flux and therefore dermal and transdermal 

delivery (see Figure 4.3). 

4.5 Conclusion 

The addition of 10% DMI or DGME to an o/w emulsion did neither increase the skin 

accumulation nor the transdermal delivery of HQ, SA and DIOIC. It was hypothesized that 

the addition of the penetration modifiers to the emulsion not only enhanced the solubility 

of the various active ingredients in the skin (that would result in enhanced partitioning and 

penetration) but also in the formulation and therefore decreased the driving force for 

penetration. To obtain an increase in dermal delivery, the solubility of the active ingredient 

in the formulation has to be adjusted to compensate for the increase in solubility due to 

the addition of the penetration modifiers and to achieve a maximum thermodynamic 

activity. 
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However, further investigations are necessary to confirm this hypothesis. Permeation 

experiments with modified emulsions containing the penetration modifiers and adjusted for 

solubility will give insight into the influence of DMI and DGME on skin permeation of the 

various active ingredients. Moreover, it would also be of importance to monitor the 

permeation of drug and penetration modifier simultaneously to gain more knowledge 

about the mechanism of DMI and DGME. 
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Abstract 

This study investigated the effect of emulsifiers on the dermal and transdermal delivery of 

propagermanium, hydroquinone, salicylic acid and octadecenedioic acid. Emulsions with 

and without liquid crystalline phases as well as different types of emulsions (o/w emulsion 

and w/o emulsion) were compared. The results indicated that emulsifiers arranging in 

liquid crystalline structures in the water phase of the emulsion enhanced skin penetration 

of the active ingredients with the exception of salicylic acid. Salicylic acid showed a 

different pattern of percutaneous absorption and no difference in dermal and transdermal 

delivery was observed between the emulsions with and without liquid crystalline phases. 

Furthermore, the skin penetration of lipophilic active ingredients was superior from the w/o 

emulsion compared with the conventional o/w emulsion. The increase in skin penetration 

of hydroquinone and octadecenedioic acid could be attributed to an increased partitioning 

of the actives into the skin. It was hypothesized that the interaction between the different 

emulsifiers and active ingredients in the formulations varied and therefore the 

solubilization capacities of the various emulsifiers and their association structures. 

Keywords: dermal and transdermal delivery, emulsifier, emulsion, flux, liquid crystalline 

phase 
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5.1 Introduction 

Emulsions are widely used in the cosmetic and pharmaceutical field for topical 

administration of hydrophilic and lipophilic active ingredients because of their pleasant 

skin sensation and their good solubilizing effects on these substances (Forster and von 

Rybinski, 1998). 

Emulsions are, in contrast to microemulsions, thermodynamically unstable and surfactants 

(emulsifiers) are required to stabilize these systems. In addition to the formation of a 

surfactant monolayer at the oil-water interface, some surfactants in excess may arrange in 

liquid crystalline structures in the aqueous phase which aids in the stabilization of the 

emulsion (Friberg et al., 1986; Eccleston, 1997). Depending on the hydrophilic-lipophilic 

character of the surfactant molecules, different liquid crystals can be formed, e.g. 

hexagonal, lamellar, cubic and reversed hexagonal (Suzuki and Iwai, 2006). An 

advantage of the emulsion is that the formation of liquid crystalline phases can be 

achieved with a much lower surfactant concentration compared with monophasic systems, 

e.g. gels (Muller-Goymann, 2004). Moreover, these liquid crystalline phases may have 

additional benefits, e.g. prolonged skin hydration, barrier improvement, prolonged drug 

release and increased skin penetration (Eccleston, 1997; Brinon et al., 1998; Makai et al., 

2003; Savic et al., 2005; Wiechers et al., 2006; Vucinic-Milankovic et al., 2007). 

Skin penetration of active ingredients can be affected in two ways. Firstly, the emulsifiers 

and their various association structures can interact with the drug molecule and modify its 

solubility and chemical potential in the formulation and therefore the driving force for skin 

penetration (Wahlgren et al., 1983; Campigli et al., 1986; French et al., 1993; Lalor et al., 

1995; Yoon and Burgess, 1996). Secondly, they can interact with the skin, influencing the 

intercellular lipid packing of the stratum corneum and hence enhancing or sustaining the 

diffusion across the skin (Friberg, 1990; Ashton et al., 1992; French et al., 1993; Shin et 

al., 2001). The interactions depend on the physicochemical properties of the surfactant 

and permeant and will have different effects on percutaneous absorption, e.g. 

enhancement, reduction or no effect (Di Colo et al., 1989). 

Though many studies were performed to investigate the effect of various surfactants on 

percutaneous absorption (Chowhan and Pritchard, 1978; Di Colo et al., 1989; Cappel and 

Kreuter, 1991; Ashton et al., 1992; Shin et al., 2001; Shokri et al., 2001; Montenegro et 

al., 2004), only few focused on the influence of liquid crystalline structures. 

A study from Brinon et al. (1998) revealed that emulsions with lamellar liquid crystals 

produced higher flux values of benzophenone-4 than emulsions without liquid crystalline 

phases and it was assumed that the percutaneous absorption of the permeant was 
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modified by the surfactant organization in the emulsion. Another study from the same 

research group (Brinan et a/., 1999) compared the percutaneous absorption of two 

sunscreens from different liquid crystalline phases (lamellar, hexagonal, cubic) and non-

liquid crystalline vehicle. It was found that the percutaneous absorption of benzophenone-

4 was highest from the lamellar liquid crystals in comparison with the hexagonal and cubic 

phases. However, no penetration enhancing effect could be observed for the liquid 

crystalline phases compared with the non-liquid crystalline vehicle. In contrast, the 

permeation of octyl methoxycinnamate was not modified by the different liquid crystalline 

phases and was the same as for the non-liquid crystalline vehicle. Furthermore, it was 

determined that the diffusion in the skin was the rate-limiting step for permeation across 

the skin. 

Swarbrick and Siverly (1992) investigated the percutaneous absorption of proxicromil as a 

function of the percentage of liquid crystalline phase in the vehicle. They found that the 

flux of proxicromil across skin increased with up to 10% liquid crystalline phase in the 

vehicle and declined gradually when the percentage of liquid crystalline phase was 

increased above 10%. It was hypothesized that the liquid crystalline phase in the 

formulation became a major barrier for diffusion in the vehicle with a higher percentage of 

liquid crystalline phases. 

Wilisch and Muller-Goymann (1993) investigated the effect of the incorporation of a 

penetration enhancer, isopropylmyristate (IPM), on the microstructure of the vehicle and 

on the percutaneous absorption of fenoprofen. They found that the efficiency of IPM on 

fenoprofen permeation was not only dependent on the concentration of IPM but also on 

the microstructure of the vehicle. The percutaneous absorption of fenoprofen was similar 

from the different hexagonal systems, but a phase transition into micellar solution yielded 

a significant increase in fenoprofen permeation. The increase was explained by an 

increase in the mobility and thermodynamic activity of IPM in the vehicle which could 

result in a higher uptake of IPM into the skin. 

Another study explored the effect of colloidal microstructure of identically composed 

liposomal and mixed micellar formulations on skin permeation and it was found that the 

permeation of ibuprofen lysinate from the liposomal formulation was slower than from the 

mixed micellar solution. The variation in permeation was explained by different interaction 

of the vehicles with the stratum corneum and a modification of the drug release (Stoye et 

a/., 1998). 

These studies showed that the microstructure of the vehicle had an effect on skin 

permeation but the influence differed for the diverse systems investigated. Therefore, the 
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aim of this study was to obtain an overview of the effect of various emulsifiers on skin 

penetration of four active ingredients possessing different lipophilicities. Emulsions with 

and without liquid crystalline structures as well as different types of emulsions (o/w 

emulsion and w/o emulsion) were compared. Propagermanium (PGE), hydroquinone 

(HQ), salicylic acid (SA) and octadecenedioic acid (DIOIC) were the active ingredients 

investigated in this study (Table 5.1). PGE is used in cosmetic formulations as radical 

scavenger and skin whitener (Rossi et a/., 2005). HQ and DIOIC are known 

depigmentation agents used for the treatment of melasma. SA is a well-established 

keratolytic utilized, among other indications, in the treatment of acne and psoriasis. 

Table 5.1 Structural formulae, molecular weights (MW) and predicted octanol/water 

partition coefficients (LogP) of the active ingredients. 

Compound Structural formulae MW (g/mol) LogP 

PGE 

PGE 
hydrolyzed 

HQ 

SA 

DIOIC 

339 

178 

110 

138 

-2.53a 

-1.05a 

0.64D 

2.06D 

312 5.59c 

LogP (octanol/water) were calculated using 
aMolinspiration (www.molinspiration.com/services/logp.html) and "ChemSketch 10.0 + 

ACD/LogP Software (Advanced Chemistry Development, Inc., Toronto, Canada) 

5.2 Materials and methods 

5.2.1 Materials 

HQ (Fluka, Buchs, Switzerland), SA (Sigma Aldrich, Dorset, UK), PGE (Uniqema, Gouda, 

The Netherlands) and Arlatone™ Dioic DCA (Uniqema, Gouda, The Netherlands) were 

used as test substances. Hydroquinone-d6, 2-hydroxybenzoic acid-d6 and 1,18-
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octadecanedioic acid were purchased from Dr. Ehrenstorfer (Augsburg, Germany) and 

were used as internal standards for GC-MS analysis. Methanol (Hypersolv™, HPLC 

grade) and absolute ethanol (Chromasolv™) were obtained from BDH (Dorset, UK) and 

Sigma Aldrich (Johannesburg, South Africa), respectively. N,0-

bis(trimethylsilyl)trifluoroacetamide (BSTFA) and trimethylchlorosilane (TMCS) were 

purchased from Supelco (Bellefonte, PA, USA). Dried pyridine (max. 0.0075% H20) was 

obtained from Riedel de Haen (Seelze, Germany). Nitric acid 65% Suprapur grade was 

purchased from Merck (Johannesburg, South Africa) and the Ge standard ((NH4)2GeF6, 

99.99%) in 1% HN03 was from High-Purity Standards (Charleston, SC, USA). Disodium 

dihydrogen ethylenediaminetetraacetate (disodium EDTA) was obtained from BASF 

(Cheshire, UK) and sodium disulfite was purchased from Merck (Darmstadt, Germany). 

Deionized water from a Millipore Milli-Q purification system was employed. 

5.2.2 Emulsion preparation 

The composition of the various formulations is given in Table 5.2a and 5.2b. The 

conventional o/w emulsion was prepared according to the phase inversion method. Water 

and oil phases were prepared and heated separately to approximately 80 °C. The water 

phase was added drop-wise to the oil phase under moderate stirring and cooled to 35 °C 

after all the aqueous phase was added. The formulation was then homogenized for 2 min 

and preservatives were added below 40 °C. The w/o emulsion was prepared in a similar 

way except that the heated water phase was added to the heated oil phase with vigorous 

agitation and the formulation was homogenized before cooling to room temperature. The 

hydrosome, oleosome, phosphosome essential fatty acid (EFA) and phosphatidylcholine 

(PTC) emulsions were prepared by separately heating the water and oil phases to 80 °C. 

The emulsifier in the hydrosome formulation (blend of sorbitan stearate and sucrose 

cocoate) was allowed to swell in the aqueous phase for about 30 min at 80 °C. The oil 

phase was then added drop-wise to the water phase under moderate stirring and the 

formulation was homogenized for 2 min. Afterwards, the emulsion was cooled to room 

temperature and preservatives were added below 40 °C. In the case of the HQ emulsion, 

an aqueous HQ solution was post-added at a temperature below 30 °C and the 

formulation was neutralized to pH 4.75-5.25 using 10% citric acid. The hydrosome 

formulation containing salicylic acid was unstable and was hence excluded from this 

study. 
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Table 5.2a Composition of the PGE, HQ and DIOIC formulations. 

Ingredients 
Conv o/w 
% (w/w) 

Oleosome 
% {w/w) 

Hydrosome 
% {w/w) 

Phosph EFA 
% (w/w) 

Phosph PTC 
% (w/w) 

w/o 
% (w/w) 

Active ingredient3 q.b. q.b. q.b. q.b. q.b. q.b. 
Oil phase 
Propylene glycol isostearate 15.0 15.0 15.0 15.0 15.0 
PPG-15stearyl ether 17.0 
Triethylhexanoin 3.0 1.0 3.0 3.0 3.0 3.0 
Steareth-21 5.0 2.0 1.0 1.0 
Steareth-2 1.0 3.0 1.0 1.0 
Cetearyl alcohol 2.0 2.0 2.0 
PEG-30 dipolyhydroxystearate 2.5 
Water phase 
Glycerine 4.0 4.0 4.0 4.0 4.0 4.0 
Xanthan gum 0.2 - 0.4 0.2 - 0.4 0.2-0.4 
Sorbitan stearate and sucrose 
cocoate 5.5 

Hydroxypropyl starch phosphate 3.5 3.5 
Linoleamidopropyl PG-dimonium 
chloride phosphate 4.0 

Cocamidopropyl PG-dimonium 
chloride phosphate 4.0 

MgSC-4 x 7H20 0.75-1.0 
Preservative6 q.b. q.b. q.b. q.b. q.b. q.b. 
Water ad 100.0 ad 100.0 ad 100.0 ad 100.0 ad 100.0 ad 100.0 
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'Active ingredient: 0.5% {w/w) propagermanium (PGE), 

2.0% {w/w) hydroquinone (HQ) stabilized with 0.2% {w/w) disodium EDTA and 0.15% {w/w) sodium disulfite, 

2.0% {w/w) Arlatone™ Dioic DCA (DIOIC) 

'Preservative: 0.7% {w/w) phenoxyethanol, methylparaben, propylparaben and 2-bromo-2-nitropropane-1,3-diol (PGE and DIOIC), 

1.0% {w/w) propyiene giycol, diazolidinyi urea, methylparaben and propylparaben (HQ) 
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Table 5.2b. Composition of the SA formulations. 

Ingredients 
Conv o/w Oleosome Phosph EFA Phosph PTC w/o 

Ingredients 
% (w/w) % (w/w) % (w/w) % (w/w) % (w/w) 

Oil phase 
Salicylic acid 1.0 1.0 1.0 1.0 1.0 
Propylene glycol isostearate 10.0 10.0 10.0 10.0 
Squalane 8.0 12.0 8.0 8.0 8.0 
PPG-15stearyl ether 6.0 
Steareth-21 5.0 2.0 1.0 5.0 
Steareth-2 1.0 3.0 1.0 1.0 
Cetearyl alcohol 2.0 2.0 2.0 
PEG-30 dipolyhydroxystearate 2.5 
Water phase 
Glycerine 4.0 4.0 4.0 4.0 4.0 
Xanthan gum 0.2 0.2 
Hydroxypropyl starch phosphate 3.5 5.0 
Linoleamidopropyl PG-dimonium chloride 
phosphate 

4.0 

Cocamidopropyl PG-dimonium chloride phosphate 4.0 
MgSCU x 7H20 0.8 
Phenoxyethanol, methylparaben, propyl-paraben 
and 2-bromo-2-nitropropane-1,3-diol 

0.7 0.7 0.7 0.7 0.7 

Water ad 100.0 ad 100.0 ad 100.0 ad 100.0 ad 100.0 
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5.2.3 Statistical design of the permeation experiments 

A randomized complete block design was used to assess the effect of skin donor 

variability as well as the effect of formulation on dermal and transdermal delivery. Three 

different skin donors were used per formulation and each formulation was applied in 

duplicate on each skin donor giving a total of six replicates per experiment. 

5.2.4 Preparation of human skin membranes 

The project "In vitro transdermal delivery of drugs through human skin" was approved by 

the Ethics Committee of the North-West University (Potchefstroom, South Africa) and skin 

was obtained with informed consent of the donors. 

Fresh white, female abdominal skin was obtained from cosmetic surgery and prepared 

within 24 hours post surgery. The skin was rinsed with deionized water and dried with a 

paper tissue. The surface of the skin was once wiped with an ethanol-moistened cotton 

swab to remove possible fat residual from the subcutaneous fat layer and surface 

sebaceous lipids. A skin layer of a thickness of 400 urn including stratum corneum, viable 

epidermis and upper dermis with a width of 2.5 cm was prepared using an electric 

dermatome (Zimmer Inc., Warsaw, IN, USA). The skin was placed dermal side down on 

filter paper and stored in aluminium foil at -20 °C until use. The time of storage did not 

exceed six months. One hour prior to the diffusion experiments the skin was thawed at 

room temperature and cut into circular pieces (15 mm in diameter). 

5.2.5 Permeation experiments 

Franz type diffusion cells with an exposed skin area of 1.13 cm2 and a receptor volume of 

approximately 2 ml were employed. The experiments were conducted in a water bath 

maintained at a temperature of 37 ± 1 °C. Preceding permeation experiments, skin 

integrity was assessed by measuring the electrical resistance across the skin (Fasano et 

a/., 2002). The prepared skin pieces were placed epidermal side up between donor and 

receptor compartment. Donor and receptor chambers were filled with 0.9% aqueous 

sodium chloride, degassed in an ultrasonic water bath for 15 min, and the Franz diffusion 

cells were placed in a pre-heated water bath. After an equilibration period of 30 min the 

electrical resistance was measured using a Tinsley LCR Databridge Model 6401 (Tinsley 

Precision Instruments, Croydon, UK). The reading was determined at 1 kHz with a 

maximum voltage of 300 mV root-mean-square in the parallel equivalent circuit mode 

using an alternating current (Fasano et al., 2002). Cells with a resistance lower than 10 

kQ were rejected and for comparison studies the cells with similar resistance values within 
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one skin donor were chosen for diffusion studies. After the resistance measurements the 

aqueous sodium chloride was removed. The receptor chamber was filled with pre-heated 

receptor solution consisting of water/ethanol (1:1, wVfor HQ, SA and DIOIC; 3:1, v/vfor 

PGE). Electrical resistance measurements indicated that the skin barrier integrity was not 

affected by 50% ethanol in the receptor fluid after 24 hours permeation studies (see 

Discussion). The high reduction potential of hydroquinone necessitated stabilization of the 

receptor medium with 0.02% (w/v) disodium EDTA (for chelating metal ions) and 0.015% 

(w/v) sodium disulfite (as antioxidant). Prior to filling the receptor chamber, the receptor 

fluid was degassed in an ultrasonic bath for 15 min to prevent air pockets underneath the 

skin membrane. The receptor fluid was stirred with a magnetic stirrer at 500 rpm. The 

surface of the skin was dried with a dry cotton swab. The system was equilibrated in the 

water bath for another 30 min followed by the application of the formulations. 20 ul of the 

emulsions were applied with a 25 ul Microman® positive displacement pipette (Gilson, 

Inc., Middleton, Wl, USA) and spread evenly on the skin surface area with the tip of the 

pipette. The applied amount of formulation was higher than what is used in practice to 

allow the determination of flux data. The residue remaining on the tip of the pipette was 

analyzed and the exact applied amount of active could be calculated for each cell. The 

donor compartment was covered with a cap. At specified time intervals the entire volume 

of the receptor fluid was withdrawn and replaced with fresh pre-heated receptor media. 

The duration of the study was 24 hours for DIOIC and PGE, 12 hours for SA and 8 hours 

for HQ. The shorter experimental time for HQ and SA was chosen because of the much 

faster permeation of HQ and SA. 

5.2.6 Sample preparation 

At the completion of the diffusion study, the receptor chamber was retained and rinsed 

twice with fresh receptor fluid. These solutions were subsequently added to the last 

receptor sample. After rinsing the receptor chamber, the donor residual left on the surface 

of the skin after the conclusion of the permeation experiments was removed with 

methanol moistened cotton swabs. The skin was removed from the cells and placed with 

the dermal side facing down on a microscope slide. Stratum corneum was partially 

removed by tape stripping the skin membrane 15 times using 3M Scotch® Magic™ tape 

(tape strips sample). Tests performed prior to the experiments showed that tape stripping 

more than 15 times did not increase the amount of permeant in the tape strips samples. 

The remainder of the skin (rest skin sample) was cut into smaller pieces to increase the 

surface area for extraction. 1% HN03 (PGE), methanol (SA, DIOIC) and aqueous 

stabilization solution of 0.02% {w/v) disodium EDTA and 0.015% (w/v) sodium disulfite in 

deionized water (HQ), respectively, was added for extraction. A specified amount of 
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respective internal standard was immediately added to all HQ, SA and DIOIC samples 

and vortex-mixed. The internal standards were deuterium labeled HQ-d6 (HQ), SA-d6 (SA) 

and 1,18-octadecanedioic acid (DIOIC), respectively. The samples were extracted over a 

period of at least 24 hours and stored at 4 °C. DIOIC samples were refrigerated at -20 °C 

until analysis. A longer storage period did not affect stability (tests were performed prior to 

the experiments). Preceding analysis, the samples were brought to room temperature for 

equilibration, vortex-mixed for 1 min and diluted with the appropriate extraction fluid as 

required. 

5.2.7 Quantitative analysis of hydroquinone, salicylic acid and 
octadecenedioic acid 

HQ, SA and DIOIC in the samples were analyzed by GC-MS. A specified volume of the 

sample was pipetted into micro-inserts of autosampler vials and carefully dried under a 

stream of nitrogen. The samples were then derivatized with N,0-

bis(trimethylsilyl)trifluoroacetamide (BSTFA), trimethylchlorosilane (TMCS) and pyridine 

(HQ and SA: 25 pi BSTFA with 1% TMCS + 25 pi pyridine, 30 min at 40 °C; DIOIC: 25ul 

BSTFA with 15% TMCS + 25 pi pyridine, 60 min at 75 °C). The TMS derivatives were 

analyzed using an Agilent® 6890 Plus GC equipped with an Agilent® 5973 Mass Selective 

(MS) Detector in electron-impact (El) mode (70 eV). Aliquots of 1 pi of each sample were 

injected and a 30 m length x 250 pm and 0.25 pm film thickness DB-5 column (Agilent®) 

was used for the analysis of all three compounds. The analytical analyses of HQ and SA 

were performed as described previously (Judefeind et al., 2007). The GC parameters for 

the analysis of DIOIC were as follows: The injector temperature was maintained at 270 °C 

and operated in the splitless mode at 0.8 bar, with a purge flow rate of 21.3 ml/min after 

1.00 min. Ultra high purity helium was utilized as the carrier gas and the column flow was 

maintained constant at 1.2 ml/min. The initial oven temperature was set at 80 °C with a 

2.0 min hold period and was then ramped to 265 °C at 20 °C/min and finally ramped from 

265 °C to 300 °C at a rate of 30 °C/min. The oven was maintained at 300 °C for 2.0 min 

for a total run time of 32.42 min. The transfer line was set at 280 °C, the source 

temperature at 230 °C and the quadrupole at 150 °C. The MS was operated in the 

selected ion monitoring (SIM) mode. Ions monitored for the derivatized DIOIC and the 

respective IS were m/z 441 and 443, respectively, measured with a dwell time of 100 ms. 

The retention time was 24.3 min for DIOIC and 24.7 min for the IS. Quantitation was 

performed based on the ratio of the peak area of the active ingredient to the peak area of 

the internal standard. 
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5.2.8 Quantitative analysis of propagermanium 

The analysis of PGE was performed by inductively-coupled-plasma mass spectrometry 

(ICP-MS). The samples containing PGE were introduced into the ICP-MS system (Agilent 

7500c) by means of a Cetac ASX-510 autosampler and the peristaltic pump of the ICP-

MS. The operating conditions and components are summarized in Table 5.3. 

Table 5.3 Sample introduction system of the ICP-MS (Agilent 7500c) with shield torch 

system. 

RF power 
Sample depth 
Carrier gas flow 
Spray chamber temperature 
Nebuliser 
Sample and skimmer cones 
Torch 
Spray chamber 
Short term stability (RSD) (20 min) 1ppb Co, Y, Tl 

1530W 
9.0 mm 
1.141/min 
2 °C (Peltier-cooled) 
V-grove PFA 100 ml/min 
Nickel 
Quartz 
Double-pass 
<2% 

Two germanium isotopes 72Ge and 74Ge were measured. Although 74Ge is more 

abundant, 72Ge was chosen for all determinations in order to avoid possible isobaric 

interference of the 74Ge signal. With respect to the concentration of Ge, possible 

interferences like 56Fe160\ 40Ar16O2
+ and ^Ar^S*. 36Ar2

+ and 35CI37CI+ on m/z 72 were 

reduced during the tuning of the ICP-MS. The oxides (156/140) were tuned to 0.32% and 

the doubly charged (70/140) to less than 2%. Quantitation was performed based on 

external calibration of Ge standard solutions in 1% HN03. Recalibration was performed 

after every twentieth sample to compensate for possible loss of sensitivity due to carbon 

build-up on the cones, as a result of the organic content of the samples. 

5.2.9 Data and statistical analysis 

The cumulative amount permeated was plotted versus time (permeation plots) and 

applied to a curve fitting procedure described by Diez-Sales et al. (1991). Eq. 5.1 

(Scheuplein, 1967) was used to fit the data. 

Q(t) = AKhCy 
n t 1 2 f, (-1)" 
D—7T Ty ' exp 

h2 6 x2^ n2 

f-Dn2K2t^ 

«=i h2 (5.1) 

where Q(t) is the amount of active ingredient permeating the skin within time t. K is the 

partition coefficient of the permeant between skin and vehicle, h represents the diffusional 
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path length, D is the diffusion coefficient of the permeant in the skin and Cv is the actual 

concentration of the permeant in the donor vehicle. As t approaches infinity, the 

exponential term becomes negligible and Eq. 5.1 can be simplified to: 

Q(t) = AKhCy D ~ \ (5.2) 
\_ h 6 

K and D are unknown and therefore the products K*h and D/h2 were replaced by a and B 

which were determined by fitting Eq. 5.2 to the experimentally obtained permeation plots 

using a computerized non-linear least square method (EasyPlot, Spiral Software, Norwich, 

VT, USA). The permeability coefficient (kp) and flux (J) values were calculated using Eq. 

5.3 and 5.4, respectively. 

kp=^(=afi) (5.3) 

J = kpCv (5.4) 

Two-way analysis of variance (ANOVA) was performed with STATISTICA® (StatSoft Inc., 

Tulsa, OK, USA) using the formulation as a fixed effect and the skin donor as a random 

effect. Tukey's HSD (Honestly Significant Difference) test was employed to compare the 

various formulations with each other and data with p < 0.05 were considered statistically 

significant. 

5.3 Results 

The total recovery of each penetrant at the end of the permeation study was calculated 

and the results are shown in Table 5.4. According to Diembeck et a/. (1999), the total 

recovery of the compound is recommended to be 100 ± 15%. The recovery values of all 

compounds in this study are within this interval. This result confirmed the reliability of the 

permeation data since the total applied amount of active ingredient could be recovered 

and no major loss occurred during experiments, extraction, sample handling and 

analytical detection. 
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Table 5.4 Total recoveries of PGE, HQ, SA and DIOIC after completion of the permeation 

experiments. 

Total recovery (%) PGE HQ SA DIOIC* 

Convo/w 95.1+3.7 99.8+1.6 100.9+1.6 96.4 ± 4.6 

Oleosome 97.4 ±3.9 96.4 + 3.0 102.9 ±3.5 94.9 ± 3.9 

Hydrosome 96.1 + 1.7 100.0+1.3 — 89.7±3.2 

PhosphEFA 96.0 + 2.6 97.7 ±1.3 101.6 ±1.9 92.5 ± 4.2 

PhosphPTC 95.7 ±4.3 101.3 ±1.8 98.2 ± 2.6 92.4 ± 4.5 

w/o 101.3 ±1.9 93.8 ±3.1 100.6 ±2.2 97.2 ± 9.0 
Mean ± SD (n=6), * without tape strips samples 

The results of the permeation experiments are presented in Fig. 5.1 (PGE), Fig. 5.2 (HQ), 

Fig. 5.3 (SA) and Fig. 5.4 (DIOIC) and are expressed as total amount delivered over the 

duration of the skin permeation experiment as least square means (formulation effect) ± 

95% confidence interval (C.I.) obtained after two-way ANOVA. Prior to two-way ANOVA 

the experimental data were evaluated for normal distribution (Shapiro-Wilk W test with p > 

0.05) and homogeneity (Bartlett and Levene's test). If required, a logarithmic 

transformation of the dependent variables was performed in order to obtain normal 

distribution as well as homogenous variability with subsequent analysis of the log-

transformed data. This transformation confirmed that the permeation data here also 

followed a log-normal distribution as was previously reported (Williams, 1992). 

It should be mentioned that the two-way ANOVA revealed interaction between formulation 

and skin donor for some of the dependent variables (PGE: tape strips, rest skin; DIOIC: 

receptor, kp, flux). This means that the formulation did not affect each skin donor equally 

and the effect of the formulation was dependent on the skin donor. Since it was of interest 

to determine the effect of each formulation averaged over all three skin donors, the results 

were presented as main effects (formulation effect) keeping in mind that the result of a 

formulation could vary for different skin donors. For example, the DIOIC flux was the 

highest from the hydrosome formulation for skin donors A and B but not for skin donor C 

(data not shown). Interactions could be explained by inter-individual variability in lipid 

composition of the stratum corneum (Norlen et ai, 1999) resulting in divergence of 

interactions between vehicle and stratum corneum and hence permeability variability. 

Moreover, experimental error could also contribute to this variability. 

PGE is a polyanhydride and it was assumed that it was hydrolyzed in the aqueous phase 

of the emulsions. Therefore, the Ge content determined by ICP-MS was related to the 

molecular weight of the hydrolyzed form and the data were calculated for this particular 
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cyclic hydrolysis product (Table 5.1) though there might have also existed oligomer 

hydrolysis products (Wei era/., 2001). 

D conv o/w D Oieosome E3 Hydrosome 
ED Phosph EFA & Phosph PTC ■ w/o 

tape strips rest skin receptor 

Fig, 5.1 Skin permeation data of propagermanium expressed as total amount delivered 

over 24 hours of skin penetration experiment as least square means (formulation effect) ± 

95% confidence interval (C.I.) obtained after two-way ANOVA. 

As it can be seen from Fig. 5.1, the amount of PGE delivered to the skin (tape strips + rest 

skin) and to the receptor was slightly higher for the oieosome, hydrosome and 

phosphosome formulations (1.3 to 1.7-fold) compared with the conventional o/w emulsion. 

In contrast, the w/o emulsion showed slightly reduced skin and transdermal delivery (0.8 

to 0.9-fold). However, the differences were not statistically significant. Comparative 

analysis between the different formulations was hindered because of high intra- and inter-

individual variation in dermal and transdermal delivery (as seen in Fig. 5.1). It was stated 

that more hydrophilic permeants (or other molecules with inherent poor diffusion profile) 

could be more sensitive to intra- and inter-individual variability in skin barrier properties 

than lipophilic permeants (with higher flux values) (Akomeah et a/., 2007). Another 

explanation for this higher variation in the permeation results could be the sensitivity of the 

detection method (as it was decreased because of the organic components in the 

samples). Permeability coefficient and flux could not be calculated for the various PGE 

formulations because the analytical method did not allow a sufficient number of receptor 

samples to obtain reliable permeation curves. 

The skin permeation results of HQ are presented in Fig. 5.2a. The tape strips samples did 

not show any statistically significant differences between the various emulsions. However, 

the dermal (rest skin) and transdermal delivery (receptor) of HQ from the various 

formulations differed considerably. The amount of HQ delivered to the viable skin was 1.7 

to 2-fold and to the receptor 2.1 to 3.2-fold higher from the phosphosome PTC and EFA, 
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hydrosome and w/o emulsion than from the conventional o/w emulsion. The oleosome 

formulation, however, showed the same dermal and transdermal delivery as the 

conventional o/w emulsion. 

□ convo/w H Oleosome H Hydrosome 
El Phosph EFA S Phosph PTC ■ w/o 
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Fig. 5.2a Skin permeation data of hydroquinone expressed as total amount delivered 

over 8 hours of skin penetration experiment as least square means (formulation effect) ± 

95% confidence interval (C.I.) obtained after two-way ANOVA. 

The permeation profiles (Fig. 5.2b) were also analyzed and the obtained a, /3, kp 

(permeability coefficient) and J (flux) data are presented in Table 5.5. 
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Fig. 5.2b Skin permeation profiles of hydroquinone over 8 hours of skin penetration 

experiment. 
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Table 5.5 Data of a, /3, permeability coefficient (kp) and flux (J) after applying a non-linear 

curve fitting procedure to the permeation profiles of HQ presented as least square means 

(LSM) (formulation effect) ± 95% confidence interval (C.I.) 

a = Kxh (x10-2) 0 = :D/h2 (x1tr2) 

LSM 95% C.I. LSM 95% C.I. 

Conv. o/w 0.6 0 . 3 - 0 . 8 7.9 6 . 6 - 9 . 6 

Oleosome 1.0 0 . 8 - 1 . 3 5.6 4 . 6 - 6 . 8 

Hydrosome 2.1* 1 .8-2.3 7.0 5 . 8 - 8 . 4 

Phosph EFA 2.1* 1 .9-2.4 7.3 6 . 0 - 8 . 8 

Phosph PTC 1.5* 1 .3-1.8 6.9 5 . 7 - 8 , 4 

w/o 1.9* 1 .7-2 .1 6.7 5 . 6 - 8 . 1 

KP (cm/h) (X10"3) J (|jg/cm2/h) 

LSM 95% C.I. LSM 95% C.I. 

Conv. o/w 0.4 0 . 3 - 0 . 5 7.4 5 . 9 - 9 . 4 

Oleosome 0.5 0 . 4 - 0 . 7 8.5 6 .7 -10 .8 

Hydrosome 1.4* 1.1 - 1 . 8 22.5* 17 .7 -28 .5 

Phosph EFA 1.5* 1 .2-1 .9 25.7* 20 .3 -32 .6 

Phosph PTC 1.1* 0 . 8 - 1 . 3 16.8* 13 .2 -21 .2 

w/o 1.3* 1 .0-1 .6 20.2* 15 .9 -25 .5 
*p < 0.05 (comparison to control) 

These data give information about the effect of the various emulsions on the permeation 

process across the skin. An effect on the partition coefficient (K) is identified by a change 

in a whereas an influence on the diffusivity (diffusion coefficient, D) is recognized by an 

alteration of (3 (with the assumption that the diffusional path length h is constant). 

Table 5.5 shows that a similar pattern was found for kp and J as for the transdermal 

delivery. It was interesting to note that the /3 values were not different for the various 

formulations indicating that the effect of each emulsion on the diffusivity of the skin was 

similar. Therefore, the higher flux values of the hydrosome, w/o and phosphosome 

formulations could not be explained by an influence on diffusivity but rather by an 

enhanced partitioning of HQ into the skin (as indicated by an increase in a). 

The permeation data of SA are presented in Fig 5.3a and it can be seen that the five 

tested formulations did not show significant differences in skin retention (tape strips and 

rest skin) of SA. Only the tape strips sample of the phosphosome EFA formulation was 

statistically significant (but small) compared with the conventional o/w emulsion. In 
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contrast, the transdermal delivery of SA was significantly higher from the w/o emulsion 

compared with the other formulations. The sigmoidal permeation curves (Fig. 5.3b) 

indicated depletion in the donor phase and as a result the non-linear curve fitting 

procedure could not be used to calculate a, jS, kp and flux. 

D conv o/w m Oleosome GDI Phosph EFA S Phosph PTC ■ w/o 
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Fig. 5.3a Skin permeation profiles of salicylic acid over 12 hours of skin penetration 

experiment as least square means (formulation effect) ± 95% confidence interval (C.l.) 

obtained after two-way ANOVA. 
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Fig. 5.3b Skin permeation data of salicylic acid expressed as total amount delivered over 

12 hours of skin penetration experiment, 

The results of the DIOIC skin permeation experiments are depicted in Fig. 5.4. Because of 

analytical interference of the adhesive tape used in the DIOIC tape strips samples, these 

could not be analyzed and only the amount of DIOIC in the rest skin samples was 

determined. 
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Dconvo/w 0 Oleosome 0 Hydrosome 
O Phosph EFA S Phosph PTC ■ w/o 

rest skin receptor 

Fig. 5.4a Skin permeation data of octadecenedioic acid expressed as total amount 

delivered over 24 hours of skin penetration experiment as least square means 

(formulation effect) ± 95% confidence interval (C.I.) obtained after two-way ANOVA. 
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Fig. 5.4b Skin permeation profiles of octadecenedioic acid over 24 hours of skin 

penetration experiment. 

As seen for the HQ formulations, the dermal delivery (rest skin) of DIOIC was also 

increased by the hydrosome, w/o emulsion and phosphosome formulations (1.3 to 2.1-

fold) compared with the conventional o/w emulsion even though the increase was not 

statistically significant for all emulsions. The amount of DIOIC delivered to the skin from 

the oleosome formulation was slightly lower (0.6-fold) than from the conventional o/w 

emulsion and the same result was obtained for the transdermal delivery. Again, the DIOIC 

delivery into the receptor fluid was higher from the hydrosome, phosphosome EFA and 

w/o emulsion (1.5 to 2-fold) than from the conventional o/w emulsion. The phosphosome 

PTC formulation did not show a significant different transdermal delivery when compared 

with the conventional o/w emulsion. A similar pattern was observed for kp and flux. As 
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shown in Table 5.6, although the (3 values for both phosphosome formulations were 

statistically significantly smaller than the (3 value for the conventional o/w emulsion, it was 

assumed that the effect of the various emulsions on the diffusivity of the skin was similar. 

The reason for this assumption was that even though the differences were statistically 

significant they were of minor magnitude and small changes in /3 should not be over-

interpreted (Hadgraft, 2004). Nevertheless, the higher flux values obtained with the 

hydrosome, phosphosome and w/o emulsion could be explained by an enhanced 

partitioning of DIOIC into the upper layer of the stratum corneum designated by increased 

a values (though the increase was not statistically significant for the w/o emulsion). 

Table 5.6 Data of a, (3, permeability coefficient {kp) and flux (J) after applying a non-linear 

curve fitting procedure to the permeation profiles of DIOIC presented as least square 

means (LSM) (formulation effect) ± 95% confidence interval (C.I.) 

cr = Kxh (: K10'3) 0 = D/h2 (x10-2) 
LSM 95% C.I. LSM 95% C.I. 

Conv. o/w 1.2 0.8-1.8 5.0 3.9-6.4 
Oleosome 1.0 0.7-1.5 4.0 3.2-5.2 

Hydrosome 3.6* 2.4-5.2 3.7 2.9-4.7 

Phosph EFA 4.9* 3.3-7.1 2.4* 1.9-3.0 
Phosph PTC 2.5 1.7-3.6 3.0* 2.3-3.8 

w/o 1.6 1.1 - 2 .4 6.7 5.3-8.6 

kp (cm/h) | [X10-4) J (Mg/cm2/h) 

LSM 95% C.I. LSM 95% C.I. 

Conv. o/w 0.6 0.5-0.7 1.3 1.0-1.5 
Oleosome 0.4 0.3-0.5 0.9 0.7-1.1 
Hydrosome 1.3* 1.1 -1 .6 2.6* 2.2-3.2 

Phosph EFA 1.2* 1.0-1.4 2.4* 1.9-2.9 

Phosph PTC 0.7 0.6-0.9 1.6 1.3-1.9 
w/o 1.1* 0.9-1.3 2.2* 1.8-2.7 

*p < 0.05 (comparison to control) 

5.4 Discussion 

50% ethanol was used in the receptor fluid to ensure sink conditions for the more lipophilic 

compounds. The use of ethanol in such a high concentration may be detrimental to the 

skin barrier properties as ethanol could extract skin lipids (Collier and Bronaugh, 1991). 

Therefore, prior to the permeation experiments a test was performed to monitor the 

changes in electrical resistance during the time of permeation studies. The experimental 

113 



Effect of Emulsifiers 

design was the same as described for the permeation studies except that no emulsion 

was applied. Electrical resistance was measured at time 0 (before adding the 50% ethanol 

receptor fluid) and after 24 hours of permeation studies. The values are given in Table 

5.7. 

Table 5.7 Electrical resistance across the skin at 0 hour and after exposing the skin to the 

receptor fluid (EtOH/water: 1:1, v/v) at 37 °C for 24 hours 

Skin donor (replicate) Electrical resistance Electrical resistance (kQ) 
(kQ)atOhour after 24 hours 

1 (1) 13.1 10.2 
1 (2) 6.3 9.1 
2(1) 20.9 18.8 
2(2) 22.4 18.5 
3(1) 10.0 10.6 
3(2) 9.2 10.2 

Experiments were performed with 3 different skin donors and two replicates per skin 

donor. 

It could be concluded that the skin barrier integrity was maintained during 24 hours 

permeation study using 50% ethanol in the receptor fluid. It is also emphasized that the 

data should not be used to predict the in-vivo situation and the experimental design was 

employed simply to compare different formulations with each other. Another important fact 

to mention is that the composition of receptor and donor phase was very different which 

might have resulted in a concentration gradient of ethanol across the skin and therefore 

back diffusion of ethanol into the donor phase. As this was assumed to take place to the 

same extent for each experiment, the relative differences between various formulations 

should be unaffected. 

In order to evaluate the effect of various emulsifiers on percutaneous absorption of four 

active ingredients with diverse lipophilicities (Table 5.1), six different emulsions for each 

active were prepared. The oil phase was the same for all formulations of a particular 

active and the formulations only varied in their emulsifier system. Both phosphosome 

formulations and the hydrosome emulsion showed lamellar gel structuring of the water 

phase, whereas the oleosome emulsion featured bilayers of surfactant molecules around 

the oil droplets (Tadros et a/., 2006). These o/w emulsions were compared with a 

conventional o/w emulsion that did not show liquid crystalline phases (Wiechers et a/., 

2006). Additionally, a water-in-oil emulsion was included in this study to compare w/o with 

o/w emulsions. 
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The pH values of all formulations for a particular active were similar. However, the 

viscosity and emulsion droplet size differed for the various emulsions. The values were 

not included in this study as investigations have shown that no influence of emulsion 

droplet size exists on skin penetration (Izquierdo et al., 2007). Furthermore, the 

percutaneous absorption is independent of the original emulsion viscosity in case of a 

finite dose application (Brewster, 2001). Moreover, although the permeation experiments 

were performed under occluded conditions, the appearance of the formulations changed 

during the application period and it was assumed that a part of the water evaporated 

and/or penetrated the skin. Consequently, the vehicle composition was changed during 

the permeation experiments and original emulsion properties were altered. 

5.4.1 Comparison of the various o/w emulsions 

The results of the permeation study show that the absorption behavior differed for the 

various tested formulations. Table 5.8 summarizes the permeation data of the different 

active ingredients from the various o/w emulsions normalized to the control (conv. o/w 

emulsion). 

Table 5.8 Skin permeation data of PGE, HQ, SA and DIOIC from the different o/w 

emulsions normalized to the conv. o/w emulsion (control). 

Conv. o/w Oleosome Hydrosome Phosph EFA Phosph PTC 
PGE 
tape strips 1.0 
rest skin 1.0 
receptor 1.0 
HQ 
tape strips 1.0 
rest skin 1.0 
receptor 1.0 
SA 
tape strips 1.0 
rest skin 1.0 
receptor 1.0 
DIOIC 
rest skin 1.0 
receptor 1.0 

*p < 0.05 

In general, it can be concluded that the absorption (skin + transdermal) of PGE, HQ and 

DIOIC was increased by the emulsions possessing lamellar gel structuring in the water 

phase (hydrosome, phosphosome EFA and PTC) though it was not always statistically 

1.4 2.0 1.8 1.8 
1.3 0.9 1.0 1.4 
1.5 1.3 1.7 1.4 

0.7 1.4 0.7 1.3 
1.0 2.0* 2.0* 1.7 
1.0 2.7* 3.2* 2.1* 

1.0 0.7* 0.8 
0.9 — 0.8 0.7 
1.0 — 1.0 1.0 

0.6 1.6 2.1* 1.3 
0.7 2.0* 1.5 1.1 

115 



Effect of Emulsifiers 

significant. Only the phosphosome PTC formulation of HQ did not show an enhancement 

in absorption compared with the conventional o/w emulsion. In contrast, the oleosome 

formulation with lamellar liquid crystalline phases around the oil droplets did not promote 

skin penetration of HQ and DIOIC, but slightly increased skin penetration of PGE. 

Furthermore, it is also important to mention that SA showed a different pattern of 

percutaneous absorption for the various tested emulsions and no difference in dermal and 

transdermal delivery was observed between the different o/w emulsions. 

The formulation can affect the permeation process by modification of the solubility of the 

permeant in the vehicle and/or skin (i.e., affecting the partition coefficient) or by alteration 

of the stratum corneum barrier (i.e., affecting the diffusivity). As already mentioned, at 

least for HQ and DIOIC, the increase in skin penetration could be explained by an 

enhanced partitioning of the actives into the skin and not by an increase in diffusivity. 

Formulation components could have penetrated into the stratum corneum and improved 

the solubility of the active ingredient in the skin. Moreover, the various emulsifiers and 

their aggregates (e.g. micelles, liquid crystalline phases) could have affected the solubility 

properties of the active ingredient in the formulation and hence altered the thermodynamic 

activity of the permeant in the emulsion. The tested emulsion systems are complex and 

contain many ingredients. Therefore, interactions between the various excipients (esp. 

emulsifier), the permeant and the skin are multifaceted. 

The results of the permeation studies suggested that stronger interactions between the 

surfactant molecules in emulsions with lamellar liquid crystals in the water phase 

(hydrosome, phosphosome EFA and PTC) might have prevailed interactions between 

surfactant and permeant molecules. The result could be a comparable higher 

thermodynamic activity of the permeant in these formulations with the consequence of 

enhanced penetration. In contrast, the emulsions without liquid crystalline phases 

(conventional o/w) and the oleosome formulation with only lamellar bilayers around the oil 

droplets might have contained more micelles with a higher solubilization capacity for the 

permeants. This could reduce the chemical potential and hence the skin penetration of the 

active ingredients from the latter formulations. It is known that the head groups of 

surfactant molecules are more closely packed in liquid crystalline phases at higher 

surfactant concentrations than in spherical micelles. Therefore, the polar head groups of 

amphiphile drug molecules will adsorb or interact less strongly with the head group region 

of the surfactant in liquid crystalline phases yielding lower solubilization capacity than 

spherical micelles (Dunaway et al., 1995). As all the active ingredients in this study 

possess polar groups, it can be assumed that they interacted with the polar head groups 

of the surfactant molecules. It is also known that an interaction between permeant and 
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surfactant will reduce the activity of the permeant in the vehicle. The magnitude of 

interaction depends on the polarity of surfactant and drug (Di Colo et a/., 1989). On the 

contrary, intramolecular hydrogen bonding in the SA molecule would limit the interaction 

between surfactant head groups and SA compared with the head group interaction with 

PGE, HQ and DIOIC, respectively. Therefore, no effect of the various emulsifiers on skin 

penetration of SA From the different o/w emulsions was observed. Another explanation 

could be that SA permeated the skin readily because of its intermediate polarity (logP = 

2.06) and consequently, the permeation is not as much affected by the formulation (Dias 

efa/.,2007). 

Our results for PGE and DIOIC were similar to the results of a previous study (Wiechers et 

al., 2006) where the emulsion with liquid crystalline structure (hydrosome) showed 

enhanced skin penetration of PGE and DIOIC compared with a conventional o/w 

emulsion. It was hypothesized that the lamellar liquid crystalline phase reduced the water 

evaporation from the emulsion, maintaining the hydrophilic active ingredient (PGE) longer 

in solution and additionally increasing hydration levels of the stratum corneum. The 

increase in skin delivery of DIOIC was explained by an interaction of the liquid crystalline 

phase with the intercellular lipid packing of the stratum corneum resulting in a more fluid, 

permeable lipid packing. Though similar results were obtained in the present study, the 

two hypotheses could not be confirmed. The experiments in our study were performed 

under occluded conditions and at relative high humidity. Therefore, the possible hydration 

effect of the liquid crystalline phase could be negligible. Furthermore, the diffusion 

coefficient of HQ and DIOIC was not changed considerably by the emulsions with liquid 

crystalline phase and consequently, no indication was found that the intercellular lipid 

packing was influenced by the application of liquid crystals. 

5.4.2 Comparison of the w/o emulsion with the o/w emulsions 

The results show that the dermal and transdermal delivery of HQ and DIOIC from the w/o 

emulsion was higher than from the conventional o/w emulsion and so was the transdermal 

delivery of SA. However, the skin penetration and permeation of PGE was slightly 

reduced from the w/o emulsion in comparison with the o/w emulsion though it was not 

statistically significant. It was interesting to note, that the dermal and transdermal delivery 

of HQ and DIOIC from the w/o emulsion was similar to the hydrosome formulation. 

The comparison between the o/w and w/o emulsion does not only include the differences 

in the emulsifier system but also the type of emulsion. Differences in skin penetration 

could, therefore, be the consequence of different partitioning behavior of the two types of 

emulsion, e.g. partitioning between aqueous phase and skin (o/w emulsion) and 
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partitioning between oil phase and skin (w/o emulsion). Assuming that DIOIC and HQ 

were solubilized in micelles in the aqueous phase of the conventional o/w emulsion (as 

mentioned before), the thermodynamic activity and hence skin penetration was reduced. 

In contrast, DIOIC and HQ might be relatively unaffected by micellar solubilization in the 

oil phase maintaining a comparable higher thermodynamic activity. PGE, on the other 

hand, is a more hydrophilic permeant and therefore might be more solubilized in reverse 

micelles in the oil phase (w/o emulsion) than in micelles in the water phase (o/w emulsion) 

yielding no enhanced skin penetration from the w/o emulsion. These explanations were 

based on the fact that the more lipophilic the active ingredient the higher the micellar 

solubilization of the active ingredient in the aqueous phase. However, the solubilization of 

lipophilic actives in inverse micelles in the oil phase was not as effective as the micellar 

solubilization in the aqueous phase (Lalor et al., 1995). Moreover, the solubility of 

hydrophilic actives in the aqueous phase did not change by the addition of surfactant and 

hence was unaffected by micellar solubilization (Yoon and Burgess, 1996). 

5.5 Conclusion 

The effect of various emulsifiers on skin penetration of four active ingredients featuring 

different lipophilicities was investigated. It can be concluded that emulsifiers arranging in 

liquid crystalline structures in the water phase enhanced skin penetration of the active 

ingredients with the exception of SA. Furthermore, the skin penetration of lipophilic active 

ingredients was superior from the w/o emulsion compared with the conventional o/w 

emulsion. The differences in skin penetration were a result of different partitioning 

behavior of the active ingredients between the skin and formulation as reflected by 

changes in a. 

It was hypothesized that the interaction between the different emulsifiers and active 

ingredients varied and therefore the solubilization capacities of the various emulsifiers and 

their association structures. These differences in solubilization capacities could have 

resulted in changes in the thermodynamic activity of the permeants in the formulations. 

Further investigations are necessary to obtain information about the interaction between 

the emulsifiers and the active ingredients as well as the interaction between the surfactant 

molecules and the site of incorporation of the active ingredients in the surfactant 

aggregates. Furthermore, the change in vehicle composition during the permeation 

experiments and its effect on skin penetration should be considered. 
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CHAPTER 6 

CONCLUSION 

6.1 Dermal and transdermal delivery from emulsions 

Emulsions have been shown in various published works to be appropriate delivery 

vehicles for the topical application of active ingredients, i.e. their ease of application to the 

skin and high solubilization capacity for drugs. Several studies showed that the results of 

drug delivery studies varied for different emulsion systems and active ingredients. For 

example, it was established that the type of emulsion, the type of emollient and the type of 

emulsifier have an effect on the dermal and transdermal delivery. It is also indicated that 

the extraordinary complexity of emulsions, involving different interactions between various 

emulsion constituents, complicates the understanding of how the dermal and transdermal 

delivery is affected by this type of pharmaceutical and cosmetic vehicle. 

In this study the effect of emulsifiers and their aggregation structures as well as the effect 

of penetration modifiers were investigated on the dermal and transdermal delivery of four 

active ingredients of different lipophilicity. These active compounds were propagermanium 

(PGE), hydroquinone (HQ), salicylic acid (SA) and octadecenedioic acid (DIOIC). To 

facilitate the investigations of these complex systems, quantitative methods were 

developed. 

6.2 Quantitative determination of hydroquinone, salicylic acid 
and octadecenedioic acid in skin samples and transdermal 
perfusates 

Gas chromatographic-mass spectrometric methods were developed for the quantitative 

determination of HQ, SA and DIOIC in human skin samples and transdermal perfusates. 

The internal standard method was utilized for the quantitative determination. The isotopic 

analogues (HQ and SA) and the saturated analogue (DIOIC) were used as internal 

standards. The polarity and the low volatility of the analytes necessitated derivatization. 

Trimethylsilylation using A/,0-bis(trimethylsilyl)trifluoroacetamide (BSTFA) and 

trimethylchlorosilane (TMCS) was used as derivatization procedure for all three analytes. 

Quantification was performed in SIM mode {m/z 254 for HQ, m/z 268 for SA and m/z 441 

for DIOIC). 

The limit of quantification was 10 ng/ml for HQ, 50 ng/ml for SA and 250 ng/ml for DIOIC. 

Values for inter-day accuracy ranged from -5.4 to 11.2 for HQ, -3.8 to 13.3 for SA and -2.5 
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to 5.8 for DIOIC. Inter-day precision was better than 5% for HQ, 4% for SA and 7% for 

DIOIC. The recovery values from the various matrices varied from 97.3-100.8% for HQ, 

93.1-103.3% for SA and 92.6-104.0% for DIOIC. It was concluded that the accuracy and 

precision of the analytical methods were within the recommendation of the FDA with 

values below 15%. 

It was proven that the analytical methods for HQ, SA and DIOIC were accurate, precise, 

sensitive, and reliable. Hence, they were suitable for the determination of the analytes in 

skin samples obtained after permeation experiments. Furthermore, these methods 

provided a new alternative method for the quantification of these substances using GC-

MS. Once these methods were established, the emulsions could be applied to the skin 

and the permeation studies could be performed. 

6.3 Skin permeation experiments 

6.3.1 Effect of penetration modifiers 

The effect of two penetration modifiers, dimethyl isosorbide (DMI) and diethylene glycol 

monoethyl ether (DGME), on the dermal and transdermal delivery of HQ, SA and DIOIC 

was investigated. Both water-soluble modifiers are excellent solubilizing agents which can 

penetrate the skin. Studies showed that DGME and DMI acted mainly by enhancing the 

solubility of the permeant in the skin without a significant influence on the diffusivity of the 

permeant. 

For this study, 10% DMI and DGME were separately formulated into o/w emulsions 

containing 1.8% HQ, SA and DIOIC, respectively. An emulsion with 10% water 

incorporated instead of the penetration modifiers served as a control. The study showed 

that the incorporation of either 10% DMI or 10% DGME did neither result in a statistically 

significant enhancement of the dermal delivery of the various lipophilic active ingredients 

nor in an increased transdermal delivery. Furthermore, the non-linear curve fitting 

procedure used to separate the effect of the penetration modifiers on diffusion coefficient 

and partition coefficient demonstrated that the incorporation of DGME and DMI slightly 

increased the skin partitioning of HQ and DIOIC. Additionally, solubility studies revealed 

that the solubility of all three active ingredients was higher in pure DGME and DMI 

compared with water. 

It was hypothesised that the addition of the penetration modifiers to the emulsion not only 

enhanced the solubility of the various active ingredients in the skin (that would result in 

enhanced partitioning and penetration) but also in the formulation and therefore 

decreased the driving force for penetration. Hence, the effect of DMI and DGME on the 
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solubility of the active ingredients in the skin was counteracted by a simultaneous 

reduction of the thermodynamic activity in the formulation. 

6.3.2 Effect of emulsifiers 

The effect of emulsifiers on dermal and transdermal delivery of PGE, HQ, SA and DIOIC 

was investigated. Therefore, emulsions were tested which contained the same oil phase 

and only varied in the type of emulsifier system. The emulsifier system modified the 

vehicle structure and emulsions with and without liquid crystalline phases as well as 

different types of emulsions (o/w emulsion and w/o emulsion) were compared. 

The permeation studies revealed that emulsifiers arranging in liquid crystalline structures 

in the water phase of the emulsions increased the skin penetration of the active 

ingredients with the exception of SA. SA showed a different pattern of percutaneous 

absorption for the various tested emulsions and no difference in dermal and transdermal 

delivery was observed between the emulsions with and without liquid crystalline phases. 

The increase in skin penetration of HQ and DIOIC was attributed to an enhanced 

partitioning of the actives into the skin and could not be explained by an increase in 

diffusivity due to interaction of the liquid crystalline phase with the intercellular lipid 

packing of the stratum corneum. 

It was concluded that the various emulsifiers and their aggregates (e.g. micelles, liquid 

crystalline phases) could have affected the solubility properties of the active ingredient in 

the formulation and hence altered the thermodynamic activity of the permeant in the 

emulsion. It was hypothesised that stronger interactions between the surfactant molecules 

in emulsions with lamellar liquid crystals in the water phase might have prevailed 

interactions between surfactant and permeant molecules resulting in a higher 

thermodynamic activity of the permeants in the vehicle. In contrast, emulsions without 

liquid crystalline phases could have contained more surfactant micelles with a higher 

solubilization capacity for the permeants and hence a lower thermodynamic activity. 

Salicylic acid might be an exception because of its capability of intra-molecular hydrogen 

bonding what might prevent the interaction with the surfactant molecules. 

Comparing different types of emulsions, it was found that the skin penetration of lipophilic 

active ingredients was superior from the w/o emulsion compared with the o/w emulsion. 

The differences in skin penetration could also be attributed to different partitioning 

behaviour of the active ingredients between the skin and formulation. It was concluded 

that differences in solubilisation capacities of the active ingredients in the aqueous and oil 

phase might have resulted in modification of the thermodynamic activity. 

125 



Conclusion 

6.4 Concluding remarks and future perspectives 

The permeation studies have shown that a careful selection of the constituents of an 

emulsion (e.g. emulsifier) is essential as they could modify the dermal and transdermal 

delivery of active ingredients. It was shown that the emulsifier had a significant effect on 

skin penetration due to a modification of the partitioning. Moreover, this effect was 

dependent on the active ingredient. Additionally, the incorporation of a penetration 

modifier, capable of increasing the solubility of the active in the skin, does not necessarily 

increase skin penetration. The effect of the penetration modifier on the solubility of the 

active ingredient in the emulsion needs to be considered. 

Further investigations are suggested to confirm the hypothesis that the effect of DMI and 

DGME on the solubility of the active ingredients in the skin was counteracted by a 

simultaneous reduction of the thermodynamic activity in the formulation. Permeation 

experiments with modified emulsions containing the penetration modifiers and adjusted for 

solubility could give insight into the influence of DMI and DGME on skin permeation of the 

various active ingredients. Moreover, it is also suggested to monitor the permeation of 

drug and penetration modifier simultaneously to gain more knowledge about the 

mechanism of DMI and DGME. 

It should be mentioned that the permeation studies could only give an overview of the 

effect of emulsifiers on the dermal and transdermal delivery of active ingredients. Further 

investigations are necessary to develop an understanding of how emulsifiers and their 

association structures affect skin penetration. Suggestions for further studies are the 

investigation of the interaction between the emulsifiers and the active ingredients, the 

analysis of the site of incorporation of the active ingredients in the surfactant aggregates 

and the investigation of the modification of the solubility capacities. Furthermore, the study 

of the change of vehicle composition during the permeation experiments and its effect on 

skin penetration could give further information on the effect of emulsions on dermal and 

transdermal delivery. 
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Appendix A: Permeation Data of Penetration Modifiers 

APPENDIX A 

PERMEATION DATA OF PENETRATION MODIFIERS 

Permeation data of hydroquinone 

Appl. 
Form. 
(M9) 

Donor 
(pg/cm2) 

Tape strips 
(pg/cm2) 

Rest skin 
(pg/cm2) 

Re8h 
(pg/cm2) 

Tot. rec. 
(%) 

El. 
Res. 
(kQ) 

425.42 230.41 16.62 22.12 98.67 97.79 28.0 

CD 
426.55 211.02 13.99 27.70 117.44 98.14 23.5 

H2 

1 426.69 126.05 5.91 31.61 219.24 101.47 11.6 

424.64 165.58 6.97 26.37 172.68 98.97 13.8 
t~ 420.19 225.04 9.65 24.85 121.52 102.57 24.4 

424.15 241.14 9.15 24.19 111.66 102.96 24.7 

425.25 297.56 10.31 15.82 67.51 104.05 26.6 

426.92 300.76 9.03 17.43 69.01 104.97 26.4 

Q 423.93 99.07 3.50 37.79 228.79 98.49 11.6 
425.74 108.54 3.65 28.50 238.75 100.80 12.5 

*̂ 425.26 222.07 7.96 24.10 123.68 100.48 16.8 

424.36 274.76 4.63 14.70 96.30 104.04 21.8 

416.80 275.29 11.01 25.04 80.22 106.25 23.2 

Q 

419.21 296.38 14.42 21.80 65.25 107.34 27.2 

Q 
422.06 134.39 1.77 28.28 233.48 106.63 11.2 

Q 
420.81 111.95 1.96 37.39 216.92 98.96 10.2 
419.25 229.18 5.10 22.15 116.84 100.70 17.0 

418.23 283.68 6.07 21.02 87.41 107.68 18.4 
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Appendix A: Permeation Data of Penetration Modifiers 

Permeation data of octadecenedioic acid 

Appl. Donor Skin Re24h Tot. rec. El. Res. 
Form. 
(M9) 

(Mg/cm2) (Mg/cm2) (Mg/cm2) (%) (kO) 

427.20 334.73 12.18 32.79 100.52 22.6 

G> 
420.33 284.28 9.66 59.54 95.11 17.9 

" S 425.14 321.69 8.41 26.91 94.98 14.7 

^ 
© 

424.15 332.01 8.05 25.98 97.60 14.6 
^ 423.11 324.16 5.27 12.84 91.49 30.6 

423.67 256.18 4.81 13.08 73.16 32.2 

450.22 291.64 13.92 65.89 93.31 15.8 

448.91 293.19 19.48 46.89 90.59 14.6 i 448.38 330.45 6.47 17.22 89.33 19.8 

447.30 332.37 5.09 19.86 90.35 21.4 
^* 448.42 323.74 4.88 10.42 85.51 44.4 

449.11 287.91 4.55 17.57 78.08 42.8 

397.81 254.28 21.57 61.82 96.00 16.0 
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401.33 280.93 8.49 18.94 86.90 30.9 
402.84 280.93 5.37 15.20 84.65 35.2 
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Appendix B: Permeation Data of Emulsifiers 

Permeation data of propagermanium (continued) 

Re4h Re8h Re12h Re18h Re24h 
(Mg/cm2) (pg/cm2) (Mg/cm2) (pg/cm2) (pg/cm2) 
0.1488 0.5361 1.0168 1.8079 3.0392 

0.1099 0.5114 1.0990 1.9407 3.1247 

0.0852 0.2373 0.4105 0.7447 1.3678 
0.0763 0.2274 0.4273 0.7450 1.2284 
0.0112 0.0486 0.0956 0.1479 0.2275 
0.0302 0.1138 0.2086 0.3455 0.5335 
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Appendix B: Permeation Data of Emulsifiers 

Permeation data of hydroquinone (continue^ 

S
 3

 "5
. Donor 

fog/cm2) 
Tape 
strips 

fog/cm2) 
301.33 107.97 18.14 

297.92 143.62 23.61 

304.63 46.01 4.40 

301.28 55.81 4.65 
301.74 126.43 16.88 
303.62 131.01 11.62 

Rest Re 8h Tot. rec. El. Res 
s k i n (M9/cm2) (%) (kQ) 

fog/cm2) 

78.51 87.63 23.3 
65.46 95.90 22.8 

189.17 95.26 17.3 

176.35 95.64 15 

96.67 94.71 31.2 

90.55 93.50 29.2 
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Appendix B: Permeation Data of Emulsifiers 

Permeation data of salicylic acid (continued) 

Re1h Re2h Re4h Re8h Re12h 
(Mg/cm2) (jjg/cm2) (Mg/cm2) (Mg/cm2) (jjg/cm2) 

14.43 33.57 53.80 76.97 94.13 

s 6.64 18.84 34.08 51.14 66.77 
* 
o 

5.63 20.53 37.11 61.94 83.85 
> 
c o 

6.95 22.95 38.99 62.06 82.58 

o 0.20 6.61 23.85 48.35 71.19 

0.39 8.97 30.87 57.28 78.32 

11.14 27.77 46.54 67.55 83.74 

CO 7.20 18.96 35.54 57.07 74.62 

1 7.01 21.59 38.32 61.75 81.31 
o 4.14 16.44 31.49 54.48 74.39 
O 0.44 8.62 27.21 50.97 70.17 

0.52 8.18 24.92 48.41 68.44 

8.47 22.35 41.17 63.83 79.99 
Q> 

s 12.42 27.54 45.18 66.19 79.64 

ts
ph

os
i 

EF
A 4.73 

6.92 

20.44 

23.94 

37.84 

40.45 

61.12 

64.18 

79.76 

82.17 

0.75 9.24 25.32 49.88 68.36 
0.62 9.22 25.84 50.23 67.99 

10.58 27.94 49.71 74.20 90.34 
0) 

s 5.74 19.36 35.67 54.70 68.49 

>s
ph

os
t 

PT
C

 4.93 

2.96 

21.74 

16.29 
40.55 

31.70 

65.40 

54.57 

84.35 

73.28 

i 0.78 10.62 27.21 50.93 70.85 
0.70 10.55 28.69 54.40 74.15 

11.13 29.14 53.61 82.37 105.29 
16.22 40.61 69.86 100.40 121.34 

S 8.46 32.26 56.21 85.97 111.06 
S 9.58 31.88 53.88 84.15 109.28 

2.29 19.40 43.52 76.60 101.11 
0.99 15.85 44.25 78.39 103.80 
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Appendix B: Permeation Data of Emulsifiers 

Permeation data of octadecenedioic acid (continued) 

Appl. 
Form. 
(M9) 

Donor 
(Mg/cm2) 

Tape 
strips 

(Mg/cm2) 

Rest skin 
(Mg/cm2) 

Re24h 
(Mg/cm2) 

Tot. rec. 
(%) 

El. Res. 
(kQ) 

372.08 261.08 n.a. 5.08 41.03 93.37 17.6 
377.67 288.48 n.a. 10.58 40.45 101.67 16.4 

£ 369.41 243.92 n.a. 8.39 28.87 86.08 33.4 
5 367.79 259.23 n.a. 7.39 38.68 93.88 37.7 

363.33 271.30 n.a. 8.12 82.59 112.68 15.2 
378.92 236.03 n.a. 6.16 77.58 95.44 15.6 
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