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1 INTRODUCTION 

 
Emulsions have been used for centuries in various domains in the pharmaceutical, cosmetic, 

food, paint and road industry.  

Manufacturers of pharmaceutical and cosmetic products have recently shown 

increasing preference for multifunctional products in which different active agents can be 

incorporated, and for controlled drug delivery systems which decrease the usage frequency 

(hence increase patient compliance) and can decrease side effects or toxicity due to a lower 

active agent content. Emulsions are able to ensure these terms.  

In pharmacy and medicine they are formulated for virtually all the major routes of 

administration: dermatological, oral and parenteral. Although emulsions have several 

advantages over other dosage forms (often improve bioavailability and/or reduce side effect) 

they are not used as extensively as other dosage forms (mainly oral and parenteral) because of 

emulsion instability, which results in unpredictable drug release profiles and possibly toxicity. 

Therefore one of the most important tasks is to ensure the kinetic stability of these systems. In 

addition to stability, other requirements also have to be satisfied by emulsions used in 

cosmetic and pharmaceutical industries, e.g. appropriate consistence and safety of ingredients. 

2 LITERATURE SURVEY 

2.1 Emulsions, types of the emulsions 

An emulsion is a heterogeneous preparation composed of two immiscible liquids (by 

convention described as oil and water), one of which is dispersed as fine droplets uniformly 

throughout the other [1].  

The types of the emulsion can be grouped as follows: 

I. Macroemulsions:  

� Primary emulsions: Oil-in water (o/w) and water-in-oil (w/o)  

� Secondary emulsions: w/o/w or o/w/o 

II.  Microemulsions: o/w, bicontinuous and w/o 

III.  Nanoemulsions: o/w and w/o 

Macroemulsions are not stable thermodynamically. These emulsions are typically 

polydispersed, their droplet diameter is various, usually ranging from 1 to 100 µm. 
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Microemulsions, in spite of the similarity of their term “emulsion”, are absolutely 

different from macroemulsions in their physical and thermodynamic properties and their 

structure. They are thermodynamically stable, apparently homogenous dispersions of water in 

oil (w/o) or oil in water (o/w). These isotropic, solubilised systems can form in the presence 

of surfactants, sometimes the presence of a cosurfactant is also required [2]. Microemulsions 

are liquid and behave as a newtonian liquid, so they have low viscosity. However, recently 

increasing preference can be observed for microemulsion-based gels which can contain a 

viscosity enhancing agent [3-5]. These higher viscosity systems are more suitable for topical 

administration.  

Microemulsion formation is spontaneous and does not require much energy. The 

application field of these systems is diverse. They are frequently used as intravenous drug 

carriers because of their low viscosity, biocompatibility and high capacity to improve the 

bioavailability of drugs. This phenomenon is more important in the case of high toxicity drugs 

such as antitumor drugs [6-9]. Microemulsions are well known to improve the absorption and 

bioavailability of many compounds [10, 11], so their topical application is widespread, 

especially in the case of anti-inflammatory drugs [5, 12-14] or hormones [15].  

In the last two decades, nanotechnology has been developing rapidly as one of the 

most promising and attractive research fields. The technology offers the potential to 

significantly improve the solubility and bioavailability of many drugs [16]. Emulsions with 

nanometric droplet size (typically in the range of 20–200 nm) are transparent or translucent 

systems and are also frequently called mini-emulsions. They are often referred to as 

submicron emulsions, which are not equivalent to thermodynamically spontaneous 

microemulsions [17]. The cause of the confusion is their long-term physical stability without 

apparent flocculation and coalescence. The attraction of nano-emulsions for application in 

different fields is due to the following advantages: i) no creaming or sedimentation occurs on 

storage (because of the reduced gravity force and the Brownian motion of the small droplets); 

ii) small droplets also prevent any flocculation; iii) no coalescence because the droplets are 

non-deformable and hence surface fluctuation is prevented, and the relatively thick surfactant 

film prevents any thinning or disruption of the liquid film between the droplets; iv) the large 

surface area and the small droplets improve the penetration of the actives; v) pleasant 

aesthetical character and good skin feeling; vi) lower surfactant concentration than in 

microemulsions (5-10% w/w instead of 20% w/w).  

In spite of the advantages mentioned above, nanoemulsions have been focused on only 

in last decades for the following reasons: i) the preparation of a nanoemulsion requires special 
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techniques such as high pressure homogeniser as well as ultrasonics and hereby sometimes it 

is very expensive; ii) lack of the understanding of the mechanism of production of submicron 

droplets and the role of the surfactant and cosurfactant; iii) lack of the understanding of the 

interfacial chemistry; iv) lack of the knowledge about Ostwald ripening, which is the most 

frequent stability problem of the nanoemulsions [18]. For these reasons, nanoemulsions are 

widely used in pharmaceutics, cosmetics and they also play an important role in the synthesis 

of polymer dispersions and nanoparticles [19, 20]. During the last years, nanoemulsions have 

been designed to deliver drugs by various administration routes such as intravenous, oral, 

ocular for therapeutic needs [21-22]. 

As a summary, research in the last decade about emulsions in pharmaceutical 

technology can be divided into four main groups: 

1. To find new type emulsions as drug delivery systems [23-26]: Increasing interest has 

been shown for the design and evaluation of targeted emulsion systems in the cancer, 

the human gene, the macrophage targeted therapy or the intestinal insulin therapy, 

especially PEGylated [27, 28], mannosylated [29] or folate-tethered emulsions have 

been used in the first three cases [30] and w/o/w [31, 32] or s/o/w [33-34] (solid-in-

oil-in-water) emulsions systems have been used in the last case. 

2. Investigation of the structure and stability of emulsions with new methods [35-37]. In 

addition to the classical methods (conductivity, rheology, pH, centrifugation etc.) 

some new ones can be found in the literature, such as Fourier transform infrared 

spectroscopy (FTIR) [38], confocal laser scanning microscopy or thermoanalysis 

(differential scanning calorimetry, thermogravimetry or thermogranulometry).  

3. Investigation of drug release from emulsions systems [39-43]. 

4. Lipid formulations for improving the bioavailability of poorly water-soluble drugs 

such as spray-dried redispersible emulsions [44-46]. 

The great number of the publications, the wide range of the application fields of 

emulsions and their usage in modern therapy all indicate that these systems can be regarded as 

effective and up-to-date drug carriers even in the 21st century. 

2.2 Stability of emulsions 

As the life span of most pharmaceutical dosage forms is a few (3-5) years, sufficient physical 

stability is required in this time, therefore the most important task is to develop long-term 

stable new emulsions. This can only be achieved by the adequate control of the instability 

processes, which is often challenging since emulsion instability is a complex process and may 
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involve a combination of different mechanisms (creaming or sedimentation, flocculation and 

coalescence) [47]. 

Emulsions are not stable thermodynamically; the stable state of an emulsion is the 

form of its phases in layers separated by interfaces. Several processes are known to lead to the 

destruction of the emulsion structure, such as: i) flocculation ii) creaming or sedimentation iii) 

coalescence iv) phase inversion v) Ostwald ripening. 

Flocculation is the aggregation of droplets due to van der Waals attraction when there 

is not sufficient repulsion between the droplets. Generally, for flocculation to take place 

emulsion droplets have to pass via a stabilizing energy barrier to a position close enough to be 

trapped in an energy minimum. Flocculation can be reduced (or eliminated) by an energy 

barrier between the droplets which can be an electrical double layer (e.g. by ionic surfactant) 

or non-electrical layer (by non-ionic surfactants or polymers) [48, 49]. 

Creaming or sedimentation is separation caused by the upward or downward motion of 

the emulsion droplet with lower or higher density than the continuous phase. The rate of 

creaming or sedimentation can be described by Stoke’s law. In the case of a concentrated 

emulsion the rate of creaming or sedimentation is lower than predicted by Stoke’s law 

because of the limited movements of the droplets. The most common method to reduce 

creaming or sedimentation is to use thickeners, viscosity enhancing agents [48, 49]. 

Coalescence, where dispersed phase droplets merge to form larger droplets, takes 

place in two distinct phases: i) thinning of the liquid film between the droplets and ii) its 

disruption. A special case of coalescence is partial coalescence. Partial coalescence occurs 

between partially crystalline droplets when the crystals on one droplet penetrate a second 

droplet. During this state each droplet retains its individual identity (like in flocculation) but 

there is a molecular contact between their contents (like in coalescence). Over the melting 

point the crystalline network is destroyed and the partially coalesced droplets will coalesce 

[48, 49]. 

Ostwald ripening occurs when there is significant miscibility between the oil and 

water phase. Droplet size distribution also changes because of the molecular diffusion from 

small to larger droplets due to the difference in the Laplace pressure [1, 50, 51]. Kelvin was 

the first who related the solubility of the particle with radius r, S(r) to one of a particle with 

infinitive radius S(∞): 

 S(r)=S(∞)exp(2γVm/rRT) (1) 
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where γ is the interfacial tension, Vm is the molar volume of the dispersed phase, R is the gas 

constant, and T is the absolute temperature. For two droplets (with r1 and r2) the Ostwald 

equation can be written as: 

 (RT/V m)ln(S1/S2)=2γ(1/r1-1/r2) (2) 

The rate of Ostwald ripening (ω) can be described by the LSW (Lifshitz, Slezov and Wagner) 

theory: 

 ω=d(rc
3)/dt =8DS(∞)Vm/9RT (3) 

where rc is the critical droplet radius (neither growing nor decreasing in size), D is the 

diffusion coefficient of the dispersed phase in the continuous phase.  

The following methods can be used to reduce Ostwald ripening: i) reduction of the 

interfacial tension, ii) enhancement of Gibbs Elasticity (using polymeric surfactant less 

insoluble in the continuous phase) or iii) incorporation of a small amount of highly insoluble 

oil [52]. 

Knowing the stability problems of emulsions, it can be concluded that three basic 

conditions must be met to form a stable emulsion [53]: i) the two liquids must be immiscible 

or mutually insoluble in each other ii) sufficient agitation must be applied to disperse one 

liquid into the other iii) an emulsifying agent or a combination of emulsifier must be present. 

2.3 Gel-emulsions 

Gel-emulsions, besides microemulsion gels and creams, belong to coherent emulsions [35].  

Possibilities to form a gel-emulsion are the following:  

The first is gel formation of the water phase by hydrophilic polymers such as 

polysaccharides, carrageenan, gelatine etc. [54, 55], or gel formation of the oily phase by 

hydrophobic polymers such as wax [56]. These gel-emulsions can be considered as a gel 

matrix in which droplets are embedded. In this way emulsions can be prevented from 

creaming and coalescence. Some pieces of work have focused on the effect of the presence of 

a dispersed phase on gel properties. It was established that the rheological properties of this 

type of gel-emulsions depend on the volume fraction and on the interaction between the gel 

matrix and the droplets [55, 57]. This phenomenon can be explained by the difference 

between their deformation behaviour during shearing (Fig.1).  
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Filler particles which interact with the gel matrix, they are called active fillers, are able to 

decrease or increase the gel strength. In the case of protein gels containing protein-covered oil 

droplets, gel stiffness can be improved when the adsorbed protein layer interacts with the 

protein gel matrix [58, 59]. Contrarily, inactive fillers have just a little chemical or physical 

affinity for the molecules forming the gel matrix and always decrease the gel strength [60] 

(Fig.1). The interaction between the oil droplets and the gel matrix depends on the surface 

properties of the droplets and the nature of the surfactant [61]. In addition, the particle size of 

the dispersed phase can also affect their properties [62]. 

The second possibility is in situ gelation of the polymer at the interface or in the 

continuous phase during/after the emulsification procedure or after the application (Fig.2) [3, 

63, 64]. The latter allows the injectable formulation of gel implants. In situ gelling systems 

can be divided into two categories [65]: i.) systems are created upon irradiation with visible or 

UV-light; ii.) self-assembly systems. Photopolymerizable gels are formed in situ but they are 

not self-gelling. They require a photoinitiator. Self-assembling gels are formed spontaneously 

or after a certain trigger such as temperature, pH or electrolytes concentration.  

Amphiphilic molecules

Crosslinking
Self-assembly

in emulsion

 

Fig.2 In situ gelation at the interface 

 

The third possibility is using polymeric emulsifiers. 

Fig.1 Difference in the 
rheological properties of the 
emulsions containing active (A) 
and inactive (B) fillers 
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2.4 Polymeric emulsifiers 

The formation of a stable emulsion requires the presence of a third component, an emulsifier, 

which is adsorbed at the oil-water interface and reduces interfacial tension. In the last decades 

the attention has been focused on two different types of emulsifiers: i.) polymeric emulsifiers, 

and ii.) Pickering-type emulsifiers.  

Pickering-type emulsions are described as surfactant-free emulsions. Pickering-type 

emulsifiers are solid particles arranging between the continuous and dispersed phase, where 

they provide a steric hindrance [66, 67]. The solid (nano- or micro-) particles can function 

similarly to a surfactant molecule but have different properties, e.g. they do not assemble into 

an aggregate in the same way as the surfactants form micelles [68]. 

Polymeric emulsifiers are one of the most effective stabilizers as manifested by lower 

usage concentration. Three different types of polymeric emulsifiers can be found in the 

literature: i) linear block, ii) graft and iii) star copolymers (Fig.3). In addition to the 

stabilization of the emulsion, the application of a polymeric emulsifier is very different. 

Increasing preference has been shown for polymeric surfactants in emulsion polymerization in 

order to prepare microparticles, nanoparticles. As compared to low molecular weight 

surfactants they have a relatively low critical micelle concentration and thus their micelle 

formation is improved. Some authors have dealt with polymeric surfactant-based micelles as 

drug delivery systems. They can solubilize poorly soluble drugs and stay in the body for an 

extended time. On the one hand, the usage of protective polymers increases their circulation 

time; on the other hand it decreases their accumulation in the RES [69]. PEG-coated particles 

are the most common examples. Numerous scientific works verified the efficiency of 

“PEGylated” drug carriers: they prolong the residence time and the accumulation in the target 

area (e.g. tumor) [70, 71].    
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Fig.3 Grouping of the polymeric surfactants 

 

Block copolymers have surface activity since one of the blocks is soluble in one of the 

phases and the other is soluble in the other phase. These amphiphilic molecules are able to 

form micelles. However, the aggregation number of triblock copolymers is smaller. The most 

widely used tri- and diblock copolymers contain polyethylene oxide (PEO) polypropylene 

oxide (PPO) (Pluronics, Synperonic) [72-74] and acrylic polymers [75]. In addition to the 

examples above, several block copolymers have been mentioned in the literature: ethoxylated 

aniline, 2-amino benzene thiol and benzene sulphonamide [76], hydrophobically modified 

ethyl(hydroxyethyl)cellulose [50], polystyrene-polyvinyl alcohol diblock, polystyrene-

polyethylene oxide triblock, polyethylene glycol-oligolactide ABA block [77] or proteins, 

polysaccharides which are produced by a wide range of microorganisms. The latter are called 

“bioemulsans” [78]. 

Graft copolymers contain a polymeric backbone B and numerous A chains, which 

form a “brush” at the oil-water interface. They can also form micelles in solution, but with a 

small aggregation number. The most common graft polymers consist of a polystyrene or 
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polymethyl methacrylate backbone and polyethylene oxide chains (Atlox 4913, Hypermer 

CG-6), but other types can also be found such as: inulin base surfactants [79], chitosan-based 

surfactants [80], poly(methacrylic acid-g-ethylene glycol) [81] or grafted siliconic emulsifiers 

[82]. 

Star copolymers have attracted much less attention; there are only a few studies on 

their use [83, 84]. They are mainly used as polymerization stabilizers and showed better 

efficacy in this field than linear polymers.  

2.5 Experimental aims 

The aims of my research were the following: 

1) To get to know the properties of the polymeric emulsifier (surface activity, 

wetting, swelling). 

2) To determine the effect of the pH on the gels prepared with polymeric emulsifier 

and their oil loading capacity. 

3) On the basis of the preformulation studies to define the formulation environment 

of the emulsions containing polymeric emulsifier. 

4) To investigate the structure and properties (rheological behaviour, droplet size 

distribution, bounding of the water, gel structure) of emulsions and gels by: i) 

direct methods: image analyser, confocal laser scanning microscopy; and ii) 

indirect methods: rheology, thermogravimetry. 

5) To study the stability of the emulsions using the methods mentioned above during 

3-month storage (on 25°C). 

6) To allocate the possible application fields of these systems by examining: 

bioadhesive behaviour and drug release profile using lipophilic and hydrophilic 

model drugs. 

7) To determine the relationship between the formulation and the structure, the 

formulation and the stability, the formulation and the applicability. 

The structure of the experimental work can be seen in Fig.4. 
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Fig.4 Structure of the examination 

3 MATERIALS AND METHODS 

3.1 Materials 

Polymeric emulsifiers: Pemulen TR1 and TR2 

Pemulen TR1 and Pemulen TR2 (PTR1 and PTR2) are cross-linked block copolymers of 

poly(acrylic acid) and hydrophobic long-chain methacrylates [85]. Traditional ionic or non-

ionic surfactants stabilize oil-in-water emulsions principally by adsorbing and forming 

lamellar liquid crystalline layers at the emulsion interface requiring usage levels of 3-7% w/w 

of surfactant. Contrarily, emulsions created with very low levels of Pemulens are highly 

stable, because the hydrophobic portion of the polymer anchors in the oil phase while oil 

droplets are protected and held in place as a result of the viscous aqueous gel formed by the 

lipophilic part of the molecule around each oil droplet (Fig.5) [86].   The benefits of these 

polymeric emulsifiers can be summarized as follows: i) universal emulsification, the cause of 

which is that Pemulens do not depend on building a liquid crystalline structure, so they can be 

used with virtually any oil phase; ii) excellent stability; iii) low irritancy, the cause of which, 

on the one hand, is that Pemulens, being macromolecules, do not penetrate into the biological 

tissue, on the other hand they are used in a very low concentration (less than 1.0 % w/w, w/w) 

[87]; iv) simplifies emulsion formation procedures (at any temperature); v) potential reduction 

Preformulation studies 

Formulation, preparation 

Stability 

Structure, properties 

Applicability 

Surface activity 

Wetting and swelling 

Oil loading 

Rheology 

Droplet size, 
droplet size distribution 

Microscopical structure 
analysis 

Bounding of the water 

Bioadhesion 

Drug release 

Effect of the pH 
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of application frequency, since the oil phase is not readily re-emulsifiable so it remains in the 

surface, possibly minimizing the need for reapplication. 

 

 

 

Other components 

Poloxamers (Synperonic PE/L 31, 61, 62, 101) 

Synperonic PE/Ls (S31, S61, S62 and S101) are ethylene oxide-propylene oxide block 

copolymers. It is used as wetter, dispersant, emulsifier (o/w and w/o), antifoam, building 

block [88]. The different numbers indicate different polymerization-degrees.  

Miglyol 812 (Fractioned coconut oil, Triglycerida saturata media) 

Miglyol 812 is a triglyceride of medium-chain saturated fatty acids, mainly of caprylic acid 

and capric acid. It is used as a solvent, stabiliser, base of pharmaceutical products or source of 

medium-chain triglycerides [89, 90]. 

Trolamine (Triethanolamine) 

Its chemical name is 2, 2’, 2”-nitrilotriethanol. Trolamine is applied mainly combined with 

fatty acids such as stearic and oleic acid; equimolecular proportions of base and fatty acid 

form a soap which can be used as an emulsifier at about pH 8 [89, 90]. It is widely used in 

hydrogels as a neutralizing agent.  

Metronidazole 

Its definition is 2-(2-Methyl-5-nitro-1H-imidazol-1-yl)ethanol. Metronidazole has 

antiprotozoal and antibacterial actions and is effective against Trichomonas vaginalis and 

other protozoa including Entamoeaba histolyca and Giardia lamblia, and against anaerobic 

bacteria [89-91]. Metronidazole is known to be effective used in bacterial vaginosis. 

Conventionally, its dose is 500 mg orally twice daily for 7 days (or 250 mg three times daily 

Fig.5 Structure of the gel-emulsions 
containing Pemulens 
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for 7 days in pregnancy) [92]. Clinical examinations have verified the efficacy of 0.75% w/w 

Metronidazole vaginal gel twice daily for five days in the therapy of bacterial vaginosis, 

which was similar to that of the standard oral Metronidazole treatment and was associated 

with fewer gastrointestinal side effects [93].  

Lidocaine 

Its chemical name is 2-(diethylamino)-N-(2,6-dimethylphenyl)acetamide. Lidocaine is a local 

anaesthetic. It is readily adsorbed from the gastrointestinal tract, from mucous membranes and 

through damaged skin. It is used for infiltration anaesthesia and regional nerve blocks. 

Lidocaine is also a classic antiarrhythmic used in the treatment of ventricular arrhythmias, 

especially after myocardial infarction [89, 90]. 

3.2 Methods 

3.2.1 Preparation of emulsions 

The Pemulens were added to purified water containing trolamine and preservative. The pH of 

the gel was 5-5.5. After 24 hours the oil was added to this gel while the sample was stirred 

with a mixer (MLW ER-10, 800 rpm) for 20 minutes. In the samples containing 

coemulsifiers, the mixture of the coemulsifier and oil was added to the water phase. The 

components of the emulsion can be seen in Table1. 

Table 1 Components of the emulsions 

Component 
Concentration 

(% w/w) 
Function 

Pemulen TR1 or Pemulen TR2 

(Noveon, USA) 
0.1 – 1.2 Primary emulsifier 

Synperonic PE/L 31, 61, 62, 101 

(Uniqema, UK) 
0.001 – 1.00 Coemulsifier 

Trolamine (Ph. Hg. VIII.) at pH 5.5 - 6 Neutralizing agent 

Miglyol 812 (Sasol, Germany) 10 - 70 Oily phase 

Purified water (Ph. Hg. VIII.) 30 - 90 Aqueous phase 

Lidocaine base (Ph. Hg.VIII.) 1.00 Lipophilic model drug 

Metronidazole (Ph. Hg.VIII.) 0.75 Hydrophilic model drug 
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3.2.2 Measurement of the surface tension 

The measurement of the surface activity was carried out with a Krüss tensiometer. A series of 

the Pemulen solutions was prepared between 0.00005% w/w and 0.25% w/w. The air-liquid 

surface tension was detected. Each study was repeated three times. 

3.2.3 Contact angle measurements 

Dataphysics OCA20 was used to determine the wetting especially the contact angle between 

the polymer probes and the water, and between them and the oil. The contact angle was 

calculated from the Young-Laplace equation. 

3.2.4 Measurement of the Enslin number  

The measurements were performed with Enslin instrument. 0.10 g of the polymer was laid 

onto the filter paper (surface area = 12.57 cm2) of the instrument. The swelling was followed 

for 10 min, and the loaded water was determined. 

3.2.5 Droplet size analysis 

The particle size and the particle size distribution were measured with the Leica Q500MC 

image analyser system. 500 droplets were analysed in each emulsion. 

3.2.6 Thermogravimetric investigation 

The measurements were carried out with a MOM Derivatograph-C (MOM GmbH, Hungary) 

instrument. Samples were weighed (40-50 mg) in platinum pans (No.4). The reference was a 

pan containing aluminium oxide. The samples were heated from 25 to 200 oC at 5 oC min-1 or 

at 10 oC min-1. TG (weight loss % vs. temperature), DTG (derivative TG) and DTA curves 

were plotted. Each study was repeated three times. 

3.2.7 Rheological investigation 

HAAKE RheoStress 1 Rheometer (HAAKE GmbH., Germany) with cone and plate geometry 

(diameter 35 mm, cone angle 1º and the gap 0.048 mm in the middle of the cone) was used to 

study the rheological profile of the samples. The flow curve and the viscosity curve of the 

samples were determined by rotation tests controlled shear rate. The shear rate was changed 

from 0.1 s-1 to 100 s-1 and then from 100 s-1 to 0.1 s-1. The storage (G’), the loss (G”) moduli 

and loss tangent (tanδ= G”/G’) were examined as function of frequency (from 0.1 Hz to 100 
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Hz) at 1.0 Pa (in case of PTR1) and at 0.1 Pa (in case of PTR2). These values of the shear 

stress were within their linear viscoelastic range. Each examination was repeated three times. 

3.2.8 Tensile test 

The mucoadhesive properties of the gel-emulsions were investigated by a TA-XT2 Plus 

Texture Analyser (Stable Micro Systems, Enco, Italy). The samples (20 mg) were laid on a 

filter paper fixed with double sided adhesive tape on the bottom of the upper probe. The 

porcine buccal tissues were placed in the lower probe. The upper probe with the sample was 

lowered at a speed of 1.0 mm sec-1 onto the surface and a downward force of 6000 mN was 

applied for 1 min to ensure intimate contact between the sample and the tissue. After the 

preloading the upper probe was moved upwards at a speed of 4.0 mm s-1. The detachment 

force was determined and the adhesive work was calculated from the area under the force-

distance curve. Each study was repeated twelve times.  

3.2.9 Confocal laser scanning microscopy 

The visualization of the gel structure and the bioadhesive bond between the emulsion and the 

mucin was carried out with a Confocal Microscope System Leica TCS SP2 (Leica 

Microsystems Heidelberg GmbH., Germany) interfaced with a Leica DMIRBE inverted 

microscope and using a 40X oil immersion objective with 1.25 numerical aperture. The 

excitation source was a Green Helio-Neon (λex = 543 nm) laser, the fluorescence emission of 

rhodamine B was recorded between 580 and 630 nm. Rhodamine B (0.002% w/w) was 

suspended in the oil phase and the oil was added to the water phase. 8.0% w/w mucin 

disperion was prepared from mucin and buffer solution, pH 6.4. This solution was added to 

the emulsions. 10:1 and 5:1 emulsion-mucin ratios were applied. 

3.2.10 Drug release test 

In vitro drug release tests were carried out with Hanson SR8-PlusTM Dissolution Test Station 

(Hanson Research Corporation, USA) using special ointment cells. 0.60 g of the sample was 

placed into the ointment cell as a donor phase. The membrane was a Porafil membrane filter 

(pore diameter was 0.45 µm). The acceptor phase was 70 ml buffer pH 4.5 in the case of 

Metronidazole (this pH is about the pH of the vagina in bacterial vaginosis) and 70 ml buffer 

pH 5.4 in the case of  Lidocaine (this pH approaches the natural pH of the human skin). The 

quantitative determination of the drugs was performed with a UV-VIS spectrophotometer 
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(Unicam Heλios-α, Spectronic Unicam, UK) at a wavelength of λ= 319 (Metronidazole) and 

λ= 230 (Lidocaine). 7 parallel measurements were made.  

 

4 RESULTS AND DISCUSSION 

4.1 Preformulation studies 

In the course of the preformulation studies, it was established that the wetting of these 

polymeric emulsifiers is very weak with purified water, which is indicated by the contact 

angle at about 90° but better with Miglyol, which is indicated by the lower value (Table 1). 

There is no remarkable alteration between the values of different polymerization-degree 

polymers. 

Table 2 Contact angle of the Pemulens 

Contact angle Θ  (± SD, n=7) 
 PTR1 PTR2 
Purified water 81.7 ± 5.67 82.64 ± 1.24 
Miglyol 812 27.9 ± 0.88 26.8 ± 0.49 

 

The swelling of the polymers takes a long time, the amount of the water taken up is 

quite low (low Enslin number) (Fig.6). These two properties have to be considered for the 

preparation of the gels or emulsions. This is the cause why the samples had been stored for 

24h before the emulsification procedure.    
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In the course of the surface tension measurements Pemulens like other polymeric 

emulsifiers showed low surface activity, which suggests that the presence of a coemulsifier is 

also required to facilitate the emulsification procedure [94]. The critical micelle concentration 

(CMC) is determined by the minimum of the concentration vs. surface tension plot. These 

emulsifiers have a low CMC value, which can be explained by the improved micelle 

Fig.6 Swelling (Enslin 
number) of the polymeric 
emulsifiers 
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formation ability of the amphiphilic macromolecules. In the case of Pemulens this value is 

0.005 % w/w (Fig.7).  
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 When the pH was changed at low polymer content, constant value was detected; 

contrarily, at high (1.00% w/w) concentration the pH affected the viscosity especially at PTR2 

(Fig.8). For the further examination the pH of the samples was set at about pH 5.0-5.5 with 

the exception of samples containing Metronidazole.  
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Fig.8 Effect of the pH on the viscosity of the gel containing polymeric emulsifier 

 

Adding Miglyol to the gel drop wise, the maximum oil concentration was determined 

(using burette). The maximum oil concentration was the point when the two phases separated 

for the next oil drop. The two different polymerization-degree polymers showed alteration 

(Fig.9). The gels containing the lower polymerization-degree polymer could take up more oil 

than the higher one, which can be explained by flexibility at the interface. 

Fig.7 Surface tension of the 
polymeric emulsifiers 
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4.2 Structure and properties of the emulsions and the simple gels 

4.2.1 Rheological investigations 

The knowledge of the rheological characteristics of the systems is very important for 

monitoring the changes of the microstructure and the bioadhesive behaviour. Few pieces of 

information can be found in the literature about the Pemulen’s rheological characteristics. An 

increase in viscosity was described with the polymeric emulsifier and the concentration and 

the emulsions showed thixotropy or antithixotropy [95, 96]. In my studies initial viscosity 

(η0), and the damping factor (tanδ) were used to characterize the rheological properties of the 

gels and emulsions.  

Initial viscosity was determined by the power law model: 

  η = η0 D
n (4) 

where η is the viscosity, η0 is the initial viscosity, D is the shear rate and n is the power (shear 

thinning) index. (In the further results viscosity means the initial viscosity.) 

  For the viscoelastic characterization of the emulsions tanδ (loss tangent or damping 

factor), G’ (storage modulus) and G” loss modulus were used.  

  tanδ=G”/G’ (5) 

Where G’ is the storage modulus, G” is the loss modulus. The smaller tanδ (or the greater G’) 

is, the stronger the interaction is in the gel structure [97]. 

4.2.1.1 Effect of the polymer concentration 

By correlating the viscosity values of the emulsions to one of the simple gels it can be 

concluded that there is not a pregnant difference between the gels and emulsions with the 

same polymer content for PTR1 samples. Contrarily, for PTR2 ones the inner phase increased 

the viscosity (Fig.11). The correlation between the viscosity and the polymer concentration 

was the following exponential equation: 

Fig.10 Oil loading ability of the 
gels containing polymeric 
emulsifier 



 20 

 ηηηη=ηηηηe *exp(m*c) (6) 

where c is the polymeric emulsifier concentration, ηe is the viscosity extrapolated to the 

initial concentration and m is a structural coefficient. 
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Fig.11 Viscosity as function of polymeric emulsifier concentration (oil 20% w/w) 
 

In the course of the oscillation measurement at low polymer content the emulsions 

showed higher elasticity, while at high concentration the gels did (Fig.12). It can be supposed 

that the presence of the inner phase improves the formation of the gel structure and therefore 

the elasticity at low concentration, but (relatively) decreases that at a high one. 
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Fig.12 Damping factor as function of the polymeric emulsifier concentration (oil 20% w/w) 
 

4.2.1.2 Effect of the oil concentration 

Raising the amount of the oil increased the viscosity, which can be written by an exponential 

equation similarly to the changing of the polymer content. In turn, the damping factor showed 

an increase with the oil concentration in the PTR2 samples, which indicates that the increase 

of the volume fraction depresses the elasticity in these sample types (Fig.13). 
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Fig.13 Viscosity and damping factor as function of the oil concentration (PTR1 or PTR2 
0.10% w/w) 

4.2.1.3 Effect of the coemulsifier concentration 

Some authors have examined emulsions based on the combination of Pemulens and non-ionic 

emulsifier. They have established that the addition of a mixed emulsifier significantly 

modified the rheological characteristics of the emulsions [98, 99]. The viscosity of the 

emulsion increased with the amount of the non-ionic emulsifier. When Polysorbate 80 was 

used as a non-ionic emulsifier, this phenomenon was explained by the interaction between the 

polymeric emulsifier and the non-ionic emulsifier. In our study, when Synperonics were used, 

the viscosity usually increased with the cosurfactant concentration, while the damping factor 

decreased (Table 3). This tendency was the most remarkable in the case of S101 where those 

values changed extremely at high (1.00% w/w) concentration (Fig.14).  

Table 3 Viscosity and damping factor values 

ηo (Pa*s) 

PTR1 0.20 % w/w, oil 20% w/w 

Concentration (% w/w) Coemulsi-  

fier 0.00 0.01 0.05 0.10 0.50 1.00 

S31 14.2 16.8 11.3 11.8 20.4 

S61 18.1 11.8 14.5 25.9 25.4 

S62 19.4 14.5 14.8 23.4 19.7 

S101 

19.4 

21.0 23.6 23.7 18.0 22.3 

PTR2 0.20 % w/w, oil 20% w/w 

Concentration (% w/w) Coemulsi-  

fier 0.00 0.01 0.05 0.10 0.50 1.00 

S31 2.4 2.8 2.5 1.9 2.0 

S61 2.4 2.7 2.2 2.0 1.9 

S62 2.5 2.5 2.4 2.2 2.6 

S101 

2.5 

2.4 2.6 2.9 2.5 3.8 

 

tanδ  

PTR1 0.20 % w/w,  oil 20% w/w 

Concentration (% w/w) Coemulsi-  

fier 0.00 0.01 0.05 0.10 0.50 1.00 

S31 0.116 0.140 0.132 0.136 0.128 

S61 0.116 0.120 0.109 0.110 0.113 

S62 0.125 0.117 0.117 0.108 0.108 

S101 

0.140 

0.125 0.121 0.112 0.111 0.095 

PTR2 0.20 % w/w,  oil 20% w/w 

Concentration (% w/w) Coemulsi-  

fier 0.00 0.01 0.05 0.10 0.50 1.00 

S31 0.624 0.579 0.608 0.612 0.601 

S61 0.612 0.581 0.615 0.582 0.573 

S62 0.583 0.582 0.616 0.665 0.624 

S101 

0.650 

0.624 0.544 0.529 0.489 0.358 
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Fig.14 Variation of the viscosity and the damping factor in function of the S101 concentration 
(PTR2 0.10% w/w, oil 20% w/w) 

4.2.2 Thermoanalytical investigations 

Thermoanalytics is becoming increasingly important in the structure examination of 

pharmaceutical dosage forms. Recently, in addition to the research of solid dosage forms 

[100-102], it has also been used successfully in the investigation of liquid and semi-solid 

systems. Thermoanalytical measurements allow investigating the microstructure of emulsions, 

creams and other semi-solid systems. Several papers about the structure of various semi-solid 

pharmaceutical preparations and cosmetic products (e.g. creams and liquid crystals) have been 

published in literature [103-107]. The majority of the investigations focus the attention on the 

binding of water: free, bound or interlamellar types of water are distinguished [108-112]. The 

choice of the heating rate is a very important factor in the examination of the emulsions 

containing Pemulens. The shape of the TG and DTG curves can be absolutely different 

(Fig.15). The cause is the special gel structure in these emulsions. Our basic assumption was 

that the polymer, due to its surfactant nature, migrates towards the interface; consequently its 

concentration will decrease in regions far from the oil droplets. If this concentration 

difference is considerable, two aqueous phases are obtained, which can be separated well on 

the thermograms. The first one is the bound water in the micro gel, and the second one is 

relatively free water. But in these emulsion there is no barrier between the different gel phases 

as it is known in the case of e.g. lamellar structures. If the heating rate is lower, the water will 

evaporate simultaneously from the all the water phase. Contrarily, if the heating rate is higher, 

the free water will evaporate first and the bound water later. Figure 16 clearly shows that two 

peaks can be separated well in the DTG curve, one peak corresponds to free water at about 

100 ºC, the other to micro gel (bound) water at about 140 ºC. Whereas a simple gel with the 

same polymeric emulsifier concentration has a one-peak DTG curve (Fig.16). 
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  For the examination of the evaporation from gels or emulsions, and of their hydration 

state it is better to use a lower heating rate. Fitting a linear equation to the linear part of the 

TG curve, its slope will give the evaporation rate of the whole sample.  
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Fig. 15 Thermograms of the gel-emulsion at a heating rate 5°C/min (A) and at 10°C/min (B) 
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Fig.16 Difference between the thermogram of the gel emulsion and one of the simple gels 

 

4.2.2.1 Effect of the polymer concentration 

The examination of the evaporation rate showed, as it was expected, that it was slower for the 

emulsions than for the gels (Fig.17). Because of water evaporation and heating, an oil layer 

separated onto the surface, which functions as an occlusive layer decreasing the evaporation; 

on the other hand, the binding of water can also change, as it could be seen previously. 
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Fig.17 Evaporation rate as function of the emulsifier concentration (oil 20% w/w) 
 

 When the quantity of the polymer is increased, two processes can be expected to occur 

in the gel structure of the emulsions: i) the interface becomes saturated so the excess polymer 

will not appear in the boundary layer any more, therefore it will reduce the concentration 

difference between the interface and the more distant areas; ii) the increased polymer 

concentration will result in a greater number of interactions between the chains, which in turn 

over a certain concentration will inhibit the orientation of the polymers towards the interface 

to some extent. As a consequence, the differentiation of the gel structure can be expected to 

disappear with increasing polymer content. When the quantity of the polymer is increased 

(over 0.40% w/w) the two peaks disappear as expected, and only one peak can be observed 

(Fig.18). 
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Fig.18 DTG curves of emulsions with increasing polymeric emulsifier content (oil 20% w/w) 

4.2.2.2 Effect of the oil concentration 

The evaporation rate linearly decreased with the amount of the oil. The higher the oil content, 

the larger the occlusive layer which hinders evaporation. In the samples containing different 

polymers where the oil content was the same, the evaporation rate was perfectly equal 
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(Fig.19). Consequently, the main factor in evaporation is the oil concentration or the thickness 

of the oil layer.  
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 The TG curves of the emulsions at different oil concentrations are shown in Figure 20. 

The higher the oil content is, the greater ratio of the bound water can be observed, which can 

be calculated from the height of the steps. At low (10% w/w) and high (50% w/w) oil 

concentrations only one step can be seen in the curves while at middle (20-40% w/w) 

concentration two steps can be separated. At a low concentration the surface and so the 

orientation of the polymer may not be significant enough to be detected. At a high oil 

concentration the polymer-water ratio is so high that the entire aqueous phase is bound by the 

polymer gel. In the case of the samples containing PTR2, in which the lower polymerization-

degree-polymer was applied, the two steps on the TG curve can be detected at high oil 

concentration, too, because the smaller polymer chains can move easily so they can orient 

towards the oil droplets even at a relatively high polymer content. 
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Fig.20 TG curves at different oil concentration (PTR1 or PTR2 0.10% w/w) 

4.2.2.3 Effect of the coemulsifier concentration 

If a coemulsifier is also used, changes in the microstructure can be assumed. The coemulsifier 

with its smaller molecules is also oriented on the interface; therefore in a higher concentration 

Fig.19 Evaporation rate as the 
function of the oil concentration 
(PTR1 or PTR2 0.10%) 
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it can displace the polymeric emulsifier with greater molecules. As a result, the micro gel 

around the droplet will disappear. 

 It can be said generally that the application of a coemulsifier decreases the evaporation 

of the gel, so the changes of the micro gel structure affected that (Table 4). In the case of S101 

this change can be described with the following semi-empirical equation (Fig.21): 

 v= 0.597c-0.0613 (7) 

where v is the evaporation rate and c is the S101 concentration. 

 Table 4 Evaporation rate 
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 Figure 22 shows the changes of TG curves as the function of the coemulsifier 

concentration. The difference between the extents of the two steps increases, the bigger the 

coemulsifier concentration is, the smaller ratio of bound water can be measured. At high 

(1.00% w/w) concentration the two steps absolutely disappear, so probably the polymer forms 

a homogenous gel structure and there is no micro gel around the droplets. Furthermore, the 

two peaks of the DTG curve are shifted with an increasing coemulsifier concentration. The 

polymeric emulsifier is displaced from the interface and will gelate, thus the first peak will be 

shifted towards a higher temperature. At the same time the water on the interface will also 

evaporate from the system at a higher temperature. The quantity of water bound in different 

ways can be calculated from the step height of the TG curves. If the quantity of the micro gel 

water on the interface is examined with respect to the total quantity of water with increasing 

coemulsifier concentration, it can be stated that the amount of the micro gel water gradually 

Evaporation rate (mg/s)  

PTR1 0.20% w/w 

Concentration (% w/w) Coemulsi-  

fier 0.00 0.01 0.05 0.10 0.50 1.00 

S31 0.752 0.593 0.657 0.566 0.613 

S61 0.569 0.710 0.516 0.656 0.732 

S62 0.586 0.734 0.742 0.583 0.642 

S101 

0.773 

0.829 0.686 0.651 0.667 0.588 

PTR2 0.20% w/w 

Concentration (% w/w) Coemulsi-  

fier 0.00 0.01 0.05 0.10 0.50 1.00 

S31 0.667 0.833 0.490 0.449 0.556 

S61 0.508 0.488 0.545 0.486 0.458 

S62 0.491 0.432 0.372 0.516 0.542 

S101 

1.257 

0.529 0.408 0.466 0.989 0.676 

Fig.21 Evaporation rate in function of the 
S101 concentration (PTR1 0.20% w/w, oil 

20% w/w) 
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decreases and finally disappears as a homogeneous gel is created by the polymer in the 

aqueous phase (Table 5).  
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 Fig.22 TG curves of the emulsions at 
different S101 concentration (PTR2 0.10% 

w/w, oil 20% w/w) 
 
  The relationship between microstructure and rheology is illustrated well by Figure 23, 

showing the relationship between the quantity of micro gel water and the rheological 

constants (viscosity, storage modulus), which can be described with a power function.   

  η=4.45c-0.39 (R2= 0.980) (8) 

  G’=17.24c-0.51 (R2= 0.851) (9) 

where η is the viscosity, G’ is the storage modulus and c is the water content in the micro gel. 

The small quantity of gel water detectable around the droplet indicates that the distribution of 

the polymer is becoming more and more homogeneous, which means that the built-up 

homogeneous gel structure increases the viscosity and elasticity of the systems.  

  

Coemulsifier  
conc.   

(% w/w) 

1st 
peak 

ºC 

2nd 
peak 

ºC 

Micro gel 
water 

(% w/w) 
0.001 108 ± 4 131 ± 2 36.8±6.0 

0.01 113 ±2 138 ± 4 24.0±3.0 

0.10 113 ± 1 145 ± 4 25.4±9.5 

0.50 119 ± 4 150 ± 6 16.4±7.8 

1.00 133 ± 4 - - 

Table 5 Peaks of the DTG curves and the 
amount of the micro gel water (PTR2 0.10%, 

oil 20%) 

Fig.23 Correlation 
between the micro gel 
water and the viscosity/ 
storage modulus of the 
emulsions containing 
PTR1 and S101 at 
constant water oil ratio 
(PTR2 0.10%, oil 20%) 
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4.2.3 Microscopical investigations 

4.2.3.1 Droplet size analysis 

The average droplet size of the emulsions exponentially decreased with the emulsifier content 

as it was expected (Fig.24). The phenomenon would have been more remarkable unless the 

improved elasticity of the samples had hindered the emulsification procedure. 
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 By increasing the oil concentration, maximum points were on the curves (Fig.25). At 

both polymeric emulsifiers a maximum average droplet size was shown at 30% w/w oil 

content. Above this value the droplet size started decreasing. This phenomenon can be 

explained with the better stability of the emulsion at about the same concentration of the two 

phases. 
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 With the use of coemulsifier the changes of the droplet size are not definite. At a low 

coemulsifier content the droplet size oscillated. The interface may still be changing in this 

range; it is not a good ratio of the two emulsifiers to form a stable interface. Contrarily, at a 

high coemulsifier concentration a new interface could have been built up and formed a stable 

structure. The combination of the Pemulens and S101 was shown as the best one. 

Fig.24 Average droplet size as 
function of the polymeric emulsifier 
concentration (oil 20% w/w) 

Fig.25 Average droplet size as 
function of the oil concentration 
(PTR1 or PTR2 0.10% w/w) 
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Table 6 Average droplet size 

Average droplet size (µm) 

PTR1 0.20% w/w, oil 20% w/w 

Concentration (% w/w) Coemulsi-  
fier 0.00 0.01 0.05 0.10 0.50 1.00 
S31 17 15 12 16 13 

S61 13 12 13 11 8 

S62 16 12 13 11 7 

S101 

14 

14 13 10 5 4 

PTR2 0.20% w/w, oil 20% w/w 

Concentration (% w/w) Coemulsi-  
fier 0.00 0.01 0.05 0.10 0.50 1.00 
S31 33 18 19 17 20 

S61 17 14 16 11 10 

S62 21 19 17 8 9 

S101 

16 

18 13 9 6 4 

4.2.3.2 Confocal laser scanning microscopy 

By using confocal laser scanning microscopy emulsions can be visualized either by dyeing the 

dispersed phase (perhaps continuous phase) or by utilizing fluorescent or fluorescent-labelled 

surfactant. The application fields of confocal microscopy in the case of emulsions are very 

different. In food industry the interaction between the surfactant and proteins was investigated 

[113, 114] or in a few cases the displacement of emulsifiers from the water and oil interface 

was studied [115, 116]. Some authors deal with the distribution of interdroplet forces in a 

compressed emulsion system [117, 118]. In this study the location of the polymer was 

detected by this method. With the use of Rhodamine B, which can be considered as a tertiary 

amine, hydrogen bonding or electrostatic interaction may form between the carboxyl groups 

of the polyacryl-acid and the fluorophore [119], so the dye concentration will be higher where 

the polymer concentration is higher. Fig.26 shows the difference between the dye 

distributions of the different types of fluorophores. 

     

Fig.26 Difference of the dye distribution of the sodium fluorescein and rhodamine B 

Rhodamine B 

Sodium fluorescein 

Rhodamine B 

Sodium fluorescein 
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Pictures made with confocal microscopy are confirmed by thermogravometric results. 

In the case of a low concentration (Fig.27) a sharp contour is dyed by rhodamine B around the 

droplet, indicating a higher polymer concentration around that, while with higher 

concentrations the dye has homogeneous distribution. 
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Fig. 27 Correlation between the CLSM pictures and the DTG curves (oil 20% w/w) 

4.3 Stability 

For studying the stability of the gel emulsion, the gel structure (hydration state, micro gel 

structure) was examined on the one hand, and the emulsion structure (flocculation, creaming, 

coalescence etc.) on the other hand. 

 In the case of the gel structure investigation the evaporation rate and the amount of the 

bound water were followed during a 3-month storage time.  
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Several procedures have been applied to predict the stability of emulsions such as: 

turbidity measurement (for predicting the flocculation, sedimentation or creaming); 

centrifugation (for the sedimentation or creaming), heating and cooling cycles, droplet size 

measurements (for coalescence) or rheology. In my work microscopical droplet size analysis 

and rheological methods were used and the parameters were followed during a 3-month 

storage time. 

 If flocculation occurs on storage (without Ostwald ripening and/or coalescence) the 

value of the initial viscosity (η0) and the yield value (σ0) will increase. The presence of 

Ostwald ripening and/or coalescence can complicate the analysis of the results because both 

of them can decrease those factors. If η0 increases while σ0 shows some decrease, it is from a 

flocculation occurring in an irregular way (producing strong and tight flocs). In my study η0 

was calculated from the power law as it had been described previously and σ0 was calculated 

from the flow curve model on the basis of the Herschel-Bulkley equation: 

 σ = σ0 +kDn (10) 

where k is the flow coefficient and n is the Herschel-Bulkley index. 

The cohesive energy (Ec) is also used to measure the extent and strength of the 

flocculated structure: 

 Ec= ½ G’γcr
2 (11) 

where G’ is the storage modulus and γcr is the critical strain value, which is the minimum 

strain over which the structure breaks down. The higher Ec is, the more flocculated the 

structure is. Ec depends on the volume fraction and the droplet size distribution. In this type of 

gel emulsions flocculation is the most expected process during storage. 

 Fig.28 shows clearly that the evaporation rate (v) decreased during the storage time, 

which can be described with a semi-empirical equation: 

 v= Aot
k (12)  

where A0 is the evaporation rate at t=0, t is the storage time and k is the velocity constant. 
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Fig.28 Changing of the evaporation rate during the storage time (oil 20% w/w) 
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 Besides the hydration state of the emulsions, other changes occurred in the micro gel 

structure. In the case of PTR1 the amount of the micro gel water decreased, while it increased 

in the case of PTR2. So during storage the micro gel in the PTR1 emulsions expanded while 

in the PTR1 emulsions it sintered (Fig.29). 
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Fig.29 Changing of the amount of the bound water during the storage time (PTR1 or PTR2 
0.10% w/w) 

  
The viscosity and yield value changed parallel in the course of the rheological tests 

(Fig.30, Fig.31). Only at a high polymer concentration did they show some increasing, which 

can probably be explained by the flocculation and/or increased hydration (Fig.28). In the case 

of a gel-emulsion it is not possible to separate the gel structure changes and the emulsion 

breakdown processes from each other, so the increase in the viscosity and yield value may 

have happened because of one or both of them. However, at a high polymer concentration a 

coherent gel structure is dominant instead of the micro gel structure (as it had been shown in 

the thermogravimetric investigation), so the chance that the micro gel structure flocculates is 

quite small. 

 

0

10

20

30

40

50

60

70

80

90

0 2 4 6 8 10 12 14

Storage time (week)

V
is

co
si

ty
 (P

a*
s)

0,10%

0,20%

0,40%
0,50%

0,80%

PTR1

0

20

40

60

80

100

120

140

0 2 4 6 8 10 12 14

Storage time (week)

V
is

co
si

ty
 (P

a*
s)

0,10%

0,20%

0,40%

0,50%

0,80%

PTR2

 
Fig.30 Changing of the viscosity during the storage time (oil 20% w/w) 
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Fig.31 Changing of the yield value during the storage time (oil 20% w/w) 

 
 With the use of the dynamic oscillation test the cohesive energies were calculated 

(from equation 11) (Fig.32). This value can also indicate the extent of the flocculation. At 

higher concentrations Ec showed some increases in the first weeks but a little decrease after 

the 4th week. This phenomenon cannot be explained by the flocculation, but can be by the gel 

structure changes. 
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Fig.32 Changing of cohesive energy during the storage time at different polymer 
concentration (oil 20% w/w) 

 
In the course of the image analysis there were no remarkable changes in the average 

droplet size of the emulsions during storage (Fig.33). It means that coalescence had not 

occurred during that time. 
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Fig.33 Changing of the average droplet size during the storage time at different polymer 
concentration (oil 20% w/w) 
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Emulsions with a very low polymeric emulsifier concentration have mainly micro gel 

structure (as it had been presented in the thermogravimetric results). In these cases the change 

of the viscosity and the yield value was different (Fig.34). It may suggest that special flocs 

formed or coalescence and/or Ostwald ripening occurred in the emulsions. 
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Fig.34 Changing of the viscosity and the yield value during the storage time at different oil 
concentration (PTR1 or PTR2 0.10% w/w) 

 
In the emulsions where the micro gel is dominant, the integration of the polymer chain 

is in process during storage. After preparation a part of the molecule integrated into the oil 

droplets while the other part remained in the bulk water linking the micro gels around the 

droplets with each other. During storage the latter one also integrated abolishing the linking 

between the micro gels. As a result, the flocculation rate may decrease. This is why cohesive 

energy also decreased (Fig.35). 
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Fig.35 Changing of the cohesive energy during the storage time at different oil concentration 
(PTR1 or PTR2 0.10% w/w) 
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The droplet size analysis indicated that only little coalescence occurred in the PTR2 

emulsions with higher oil concentration and in the PTR1 ones with lower oil concentration, 

but it is not remarkable (Fig.36). 
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Fig.36 Changing of the average droplet size during the storage time at different oil 
concentration (PTR1 or PTR2 0.10% w/w) 

 

4.4 Applicability 

The further applicability of the emulsions was studied with bioadhesive measurements and 

drug release tests. 

4.4.1 Bioadhesion 

Over the last two decades attention has been focused on mucoadhesive dosage forms as a 

possibility to improve the residence time on a specified region of the body. One group of the 

most widely used polymers is constituted by poly-acrylates (and their derivatives or cross-

linked modifications). 

In the literature some examples can be found where the bioadhesive behaviour of 

different types of dosage forms containing poly(acrylic acid) type polymers has been reported, 

mainly as components of hydrogels [120, 121] or tablets [122, 123]. In the case of 

poly(acrylic acid)s, the crosslinking density of these polymers has been established to 

influence interpenetration, because interpenetration of a larger polymer is more difficult than 

that of a smaller one and the number of the functional groups which are able to form 

bioadhesive bonds may decrease. Another important factor in the bioadhesivity of 

poly(acrylic acid)s is the pH. Protonated and hydrated carboxylic groups are needed for the 

interaction between mucin glycoproteins and acrylates, but extreme swelling may decrease 

their adhesivity. Therefore an ideal pH range has been determined at around pH= 4-6 or at 

around the pK(a) of a certain type of poly(acrylic acid) [124]. In the last few years 

considerable interest has been shown in new-type polymers such as thiolated polymers, which 
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form covalent bonds with the mucin in contrast with the weak, non-covalent bonds of the 

traditionally used polymers. In addition, they are not influenced by the ionic strength or pH, 

and beyond the latter they also have enzyme inhibitor and permeation enhancing effects. 

Different type poly(acrylic acid)s-cysteine conjugates were synthesised to improve the 

bioadhesive property of the dosage form by covalent bond with the cysteine of the mucin 

glycoprotein [125-128].  

By applying gel-emulsions, it is possible to incorporate a lipophilic active agent in a 

hydrophilic dosage form easily, thereby avoiding the behaviour of the lipophilic vehicle to 

adhere slightly to the hydrophilic biological surface. When Pemulens are used, the polymer 

chains build up a special structure instead of a continuous polymer network (Fig.5). When 

compared with continuous polymer texture, this special structure can modify interpenetration 

into the mucus (Fig.37). 

 

 The bioadhesive behaviour of the emulsions was different depending on the different 

polymerization-degree polymers used in the preparation, as it can be observed in Fig 38.  

When increasing the polymer concentration at low values, there were changes neither in 

detachment force nor in adhesive work. In this range the coherent polymer network has not 

built up yet, as it had already been mentioned previously.  Above 0.2% w/w both detachment 

force and adhesive work decreased with the amount of the polymer in the case of the higher 

polymerization-degree polymer and increased in the case of the lower polymerization-degree 

polymer. 

 PTR1 showed remarkable elasticity in the course of the rheological measurements, which 

suggested that these systems try to retain their integrity instead of forming chemical or 

physical bonds with the mucus. Contrarily, emulsions containing PTR2 with lower elasticity 

are more capable of forming bonds with the surface. 

 

Fig.37 Interpenetration between gel-
emulsion containing polymeric emulsifier 
and mucus 
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Fig.38 Detachment force and adhesive work as function of the polymeric emulsifier 
concentration (oil 20% w/w) 

 

No significant change was observed in detachment force when increasing the oil 

concentration (our previous thermogravimetric measurements had shown the presence of 

micro gel in almost all these samples). There was a slight decrease in both detachment force 

and adhesive work between the simple gel and emulsion (Fig.39), which suggests that the 

added oil reduced the bioadhesivity of the samples. 

   

0

50

100

150

200

250

300

350

0 10 20 30 40 50 60

Oil concentration (% w/w)

F
 (m

N
)

PTR1

PTR2

0

100

200

300

400

500

600

700

0 10 20 30 40 50 60

Oil concentration (% w/w)

W
 (m

N
.m

m
)

PTR1

PTR2

 

Fig.39 Detachment force and adhesive work as function of the oil concentration (PTR1 or 
PTR2 0.10% w/w) 

 
  The shape of the curve of adhesive work was similar at first to the one of detachment 

force, but at higher oil concentration, in the case of PTR2, a considerable decrease of the 

values was observed (Fig.39). In emulsions prepared with PTR2, the damping factor 

decreased with the increase of the oil concentration (Fig.13), so the deformability of these 

samples was stronger. Therefore the structure of the emulsion could be destroyed by the 

downward force. The chemical bonds could build up but physical entanglement could not 

develop. This explains why detachment force did not change, while adhesive work, which 

depends on the interpenetration of poly(acrylic acid) chains into the mucus [123], decreased at 

high oil concentration. 
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  When a coemulsifier was used, a decrease in detachment force and adhesive work was 

observed, which is more expressed at a high S101 concentration (Fig.40). The viscosity and 

the elasticity of these samples were higher at a high coemulsifier content (Fig. 14). On 

increasing the amount of the coemulsifier, the accumulation of the polymeric emulsifier at the 

interface was inhibited, so the coherent polymer network was built up progressively. These 

changes in the microstructure influenced the rheological and bioadhesive behaviour. Based on 

the thermogravimetric and bioadhesive measurements, it can be concluded that the coherent 

polymer network can decrease the bioadhesivity of the samples as compared to the ordered 

micro gel system. 
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Fig.40 Detachment force and adhesive work as function of the coemulsifier concentration 
(PTR2 0.10% w/w, oil 20% w/w) 

 

As the dye concentration indicates the place of the polymeric emulsifier, if the 

polymeric emulsifier forms a bond with the mucin, structural changes will take place in the 

samples, which will appear in the distribution of the dye.  

At low polymer concentration, due to the interaction between mucin and poly(acrylic-

acid),  polymer agglomeration can be observed in the pictures. In addition, oil droplets were 

retained in them. It can be assumed that mucin formed bioadhesive bonds with the micro gel 

around the droplets and not with a network. In the course of the tensile test measurements the 

samples in this range did not show changes in the bioadhesive behaviour. At high polymer 

content (above 0.2% w/w) no agglomeration can be seen, so interaction arose with the total 

polymer network (Fig.41). 

 



 39 

 

Fig.41 CLSM images of the simple emulsion (first column); and 10:1 (second column) and 
5:1 (third column) emulsion-8.0% w/w mucin mixtures (from the first row to fifth row the 

polymer concentrations are the following: 0.10; 0.20; 0.40; 0.50 and 0.80% w/w) 
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4.4.2 Drug release 

In vitro dissolution has been known as an important element in drug development. In the case 

of topical administration, it is preferred to apply a bioadhesive dosage form, but in addition to 

bioadhesivity, controlled drug release from the dosage form is also desirable. As it was 

established, the gel emulsions have a special micro gel structure. It suggests that not only the 

components but also the gel structure can modify drug release. 

No considerable difference could be observed using water soluble Metronidazole. 

Only a few alterations can be seen in Fig.42 between the simple gels and the gel-emulsions.  

Emulsion structure lowers the dissolution rate in the first hours. The micro gel structure may 

have slowed drug release. 
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Fig.42 Comparison of the Metronidazole release from emulsions and gels with 0.10% w/w (A) 
0.40% w/w (B) PTR1 concentration (oil 20% w/w) 

 
When the components such as polymer (Fig.43A), oil (Fig.43B) or coemulsifier 

(Fig.43C) concentration of the emulsions were changed, no difference was found in the 

dissolution profile. 
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Fig.43 Effect of the components on the Metronidazole release 

 
 

When a Lidocaine base was dissolved in the oil phase, the components of the emulsion 

affected drug release. With the increase of the polymer concentration it can be observed that 

the rate of drug release and the amount of the released drug increased (Fig.44). Three different 

factors can have an effect on drug release, such as the viscosity of the continuous phase, the 

interface area (due to the droplet size), and possibly the gel structure. Viscosity increases with 

the polymer concentration, so if it had been the main affecting agent, the decrease of the rate 

would have been seen on the curves. In fact, it was not, which suggests the other two factors 

play a role in drug release. As it had been presented previously, the average droplet size had 

decreased with the polymer concentration, so the interface area had increased. On the basis of 

Fick’s law, diffusion increases with the increasing of the area, which accelerates the 

Lidocaine diffusion from the oil phase to the water phase and provides quicker drug release. 

This tendency can be observed in Fig. 44. The third factor was the gel structure. At a low 

emulsifier concentration (less than 0.40% w/w), a micro gel layer forms around the droplets 

that can hinder drug diffusion from the oil phase, so the rate and the amount of the released 

drug may decrease. Probably these two factors determine the drug release profile. 
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With the change of the oil concentration three factors can influence the release profile, 

such as viscosity, the oil-water ratio and gel structure (the droplet size had not changed 

remarkably). If the oil concentration is higher, the concentration gradient between the aqueous 

and oily phase will decrease, which slows drug release (because diffusion will slow down on 

the basis of Fick’s law). On the other hand, the amount of the micro gel increased with the oil 

concentration (as it had already been shown in the thermogravimetric results), so the extent of 

the gel layer increased, which hindered release. These two latter phenomena and the increase 

of viscosity (as it had been presented in the rheological results) may result in the decrease of 

the release with the oil concentration (Fig.45). 
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When a coemulsifier is used, a change in the interfacial layer can be expected. In 

addition to this change, the decrease of the droplet size and possibly the increase of viscosity 

(but only at 1.00% w/w!) can influence the release profile. The droplet size continuously 

decreased with the S101 concentration (Fig.46) so the increase of the release must happen. 

Contrarily, a minimum release rate can be observed at 0.10% w/w coemulsifier (Fig.46). It 

suggests that the change of the interfacial layer has an important role in this phenomenon. 

0.10% w/w can be the best combination rate of the two emulsifiers at which the distribution of 

the Lidocaine between the two phases is the slowest.  

Fig.44 Effect of the emulsifier 
concentration on the Lidocaine release 
(oil 20% w/w) 

Fig.45 Effect of the oil concentration 
on the Lidocaine release (PTR1 
0.10% w/w) 
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5 SUMMARY 

The aim of this research work was to identify and clarify the formation, structure and stability 

of gel-emulsions. As a summary of my experimental work, the following conclusions can be 

made: 

• The wetting and the swelling of these polymeric emulsifiers are a prolonged procedure; 

Pemulens show a low surface activity, which suggests that the presence of a coemulsifier 

is also required to facilitate the emulsification procedure. These phenomena have to be 

considered in the course of the emulsion preparation. 

• Gel-emulsions have viscoelastic properties, the polymer, the oil and the coemulsifier 

concentration have an influence on the rheological properties. 

• Gel-emulsions containing Pemulens form a special (micro gel) structure which can be 

identified by thermogravimetric investigations and by confocal laser scanning 

microscopy. The results of the two methods can be compared and showed a good 

correlation. 

• The stability of the emulsions can be divided into two groups: change of i) macrostructure, 

and ii) microstructure. Macrostructure means the droplet size while microstructure means 

the solvation of the polymer chain, the evaporation rate, the amount of the micro gel 

water, the rheological properties. The macrostructure of the emulsions can be considered 

quite stable while the microstructure changed continuously during storage. 

• The oil added to the emulsion slightly modified their rheological and bioadhesive 

behaviour. With increasing polymer concentration, the two different polymerization-

degree polymers showed different results. The added coemulsifier modified the structure 

of the emulsions, which influenced the bioadhesive characteristics. Comparing the 

thermogravimetric end bioadhesive measurements, it can be concluded that i) the 

emulsion containing mainly micro gel around the droplets shows a more remarkable 

Fig.46 Effect of the coemulsifier 
concentration on the Lidocaine 
release (PTR1 0.10%, oil 20%) 
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bioadhesive force than the sample with a coherent polymer network; ii) there is no 

difference between the bioadhesivity of the samples where the coherent gel structure had 

not built up. 

• Drug release from the gel emulsions is influenced by the special gel structure in addition 

to the well known factors (e.g. viscosity, droplet size, water-oil ratio etc…). This 

phenomenon could be observed in the case of a lipophilic drug (Lidocaine base), but could 

not in the case of a hydrophilic drug (Metronidazole). 

In conclusion, gel emulsions can be used well as bioadhesive topical dosage forms. 

Their structure is influenced by different factors. As it was presented in this study, the gel 

structure can modify the bioadhesive behaviour and the drug release profile of the systems. It 

suggests that a structure analysis is needed to predict the properties and hence the 

applicability. 
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