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1 INTRODUCTION

An emulsion is a heterogeneous preparation compadetivo immiscible liquid (by
convention described as oil and water), one of Wwincdispersed as fine droplets uniformly
throughout the other. Emulsions have been usedcdaturies in various domains in the
pharmaceutical, cosmetic, food, paint and roadstrgiu

Manufacturers of pharmaceutical and cosmetic prsdutave recently shown
increasing preference for multifunctional productswhich different active agents can be
incorporated, and for controlled drug delivery sys$ which decrease the usage frequency
(hence increase patient compliance) and can decmds effects or toxicity due to a lower
active agent content. Emulsions are able to enbese terms.

In pharmacy and medicine they are formulated fotuglly all the major routes of
administration: dermatological, oral and parenteralthough emulsions have several
advantages over other dosage forms (often impraeevailability and/or reduce side effect)
they are not used as extensively as other dosaigs fignainly oral and parenteral) because of
emulsion instability, which results in unpredictaldrug release profiles and possibly toxicity.
Therefore one of the most important tasks is taentghe kinetic stability of these systems. In
addition to stability, other requirements also hdwebe satisfied by emulsions used in
cosmetic and pharmaceutical industries, e.g. apjatepconsistence and safety of ingredients.
Gel-emulsions, besides microemulsion gels and csedmlong to coherent emulsions.
Possibilities to form a gel-emulsion are the foliog:

» gel formation of the water phase by hydrophilichgdrophobic polymers such as

polysaccharides, carrageenan, gelatine acrylicsamidvax;

* in situ gelation of the polymer at the interface iar the continuous phase

during/after the emulsification procedure or aftex application;

e using polymeric emulsifiers.

Polymeric emulsifiers are one of the most effecstabilizers as manifested by lower
usage concentration. Three different types of pelyenemulsifiers can be found in the
literature: i) linear block, ii) graft and iii) stacopolymers. In this work formulation and
investigation of gel-emulsion containing polymegiulsifiers is presented.



2 AIMS

The aims of my research were the follows:

1) To get to know the properties of the polymeric esifidr (surface activity,
wetting, swelling).

2) To determine the effect of the pH on the gels pregbavith polymeric emulsifier
and their oil loading capacity.

3) On the basis of the preformulation studies to detfime formulation environment
of the emulsions containing polymeric emulsifier.

4) To investigate the structure and properties (rlggobd behaviour, droplet size
distribution, bounding of the water, gel structuoé)emulsions and gels by: i)
direct methods: image analyser, confocal laser rsngnmicroscopy; and ii)
indirect methods: rheology, thermogravimetry.

5) To study the stability of the emulsions using thettods mentioned above during
3-month storage (on 25°C).

6) To allocate the possible application fields of thesystems by examining:
bioadhesive behaviour and drug release profileguBpophilic and hydrophilic
model drugs.

7) To determine the relationship between the formaatand the structure, the

formulation and the stability, the formulation ahé applicability.

2 MATERIALS AND METHODS
2.1 Materials

Polymeric emulsifiers: Pemulen TR1 and TR2

Pemulen TR1 and Pemulen TR2 (PTR1 and PTR2) ams-tirked block copolymers of
poly(acrylic acid) and hydrophobic long-chain mettydates. Traditional ionic or non-ionic
surfactants stabilize oil-in-water emulsions pnoadly by adsorbing and forming lamellar
liquid crystalline layers at the emulsion interfaequiring usage levels of 3-7% of surfactant.
Contrarily, emulsions created with very low levefsPemulens are highly stable, because the
hydrophobic portion of the polymer anchors in tlilepbase while oil droplets are protected
and held in place as a result of the viscous agigeliformed by the lipophilic part of the
molecule around each oil droplet (Fig.1).



Fig.1 Structure of an emulsion containing
Pemulens

Continvous water

Other components

* Oil phase: Miglyol 812 (Fractioned coconut oil, glyicerida saturata media,
Ph.Hg.VIL.)

» Coemulsifier: Synperonic PE/L 31; 61; 62; 101 (Wmtp, UK) (ethylene oxide-
propylene oxide block copolymer) (S31; S61; S60151

* Neutralizing agent: Trolamine (Ph.Hg.VII.)

* Hydrophilic model drug: Metronidazole (Ph.Hg.VIl.)

* Lipophilic model drug: Lidocaine (Ph.Hg.VIl.)

2.2 Methods

Emulsions preparation

The Pemulens were added to purified water contgitimlamine. After 24 hours the oil was
added to this gel while the sample was stirred wiiker (MLW ER-10, 800 rpm) for 20
minutes. In the samples containing coemulsifidrs,mixture of the coemulsifier and oil was

added to the water phase.

Measurement of the surface tension

The measurement of the surface activity was camdwith Kriss tensiometer. The air-
liquid surface tension was detected.

Contact angle measurements

Dataphysics OCA20 was used to determine the weéspgcially the contact angle between
the polymer probes and the water, and between theanthe oil. The contact angle was

calculated from the Leplace-Young equation.



Measurement of the Enslin number

The measurements were performed with Enslin insgnimrhe polymer was laid onto the
filter paper of the instrument. The swelling waideed for 10 min, and the loaded water

was determined.

Droplet size analysis

The particle size and the particle size distributweere measured with the Leica Q500MC

image analyser system. 500 droplets were analysedah emulsion.

Thermogravimetric investigation

The measurements were carried out with a MOM Da&y@aph-C (MOM GmbH, Hungary)
instrument. Samples were weighed (40-50 mg) inmlat pans (No.4). The reference was a
pan containing aluminium oxide. The samples wegtdtkfrom 25 to 208C at 5°C min*or

at 10°C min*. TG (weight loss % vs. temperature), DTG (derixaffG) and DTA curves

were plotted.

Rheological investigation

HAAKE RheoStress 1 Rheometer (HAAKE GmbH., Germanigh cone and plate geometry
was used to study the rheological profile of theygles. The flow curve and the viscosity
curve of the samples were determined by rotatists teontrolled shear rate. The storage (G),

the loss (G”) moduli and loss tangent @arG”/G’) were examined as function of frequency.

Tensile test

The mucoadhesive properties of the gel-emulsione wwestigated by TA-XT2 Plus Texture
Analyser (Stable Micro Systems, Enco, Italy). Tleeéadhment force was determined and the
adhesive work was calculated from the area undgefaifte-distance curve.

Confocal laser scanning microscopy

The visualization of the gel structure and the Biesive bond between the emulsion and the
mucin was carried out with Confocal Microscope 8gstLeica TCS SP2 (Leica
Microsystems Heidelberg GmbH., Germany) interfagath a Leica DMIRBE inverted
microscope. The gel structure was dyed with rhodand, and the bioadhesive bonds were

formed with mucin from porcine submaxillary glands.



Drug release test

In vitro drug release tests were carried out witngbn SR8-PlusTM Dissolution Test Station
(Hanson Research Corporation, USA) using speciatnants cells. The quantitative
determination of the drugs was performed by UV-gffctrophotometer (Unicam Kes-u,

Spectronic Unicam, UK).

3 RESULTS AND DISCUSSION

3.1 Preformulation studies

In the course of the preformulation studies, it vessablished that the wetting of these
polymeric emulsifiers is very weak with purified t@g but better with Miglyol. There is no
remarkable alteration between the values of diffepelymerization-degree polymers.

The swelling of the polymers takes long time, tineoant of the water taken up is
quite low (low Enslin number). These two propertiese to be considered for the preparation
of the gels or emulsions. This is the cause whystmples had been stored for 24h before the
emulsification procedure.

In the course of the surface tension measuremessulens like other polymeric
emulsifiers showed low surface activity, which sestg that the presence of a coemulsifier is
also required to facilitate the emulsification prdare.

When the pH was changed at low polymer contentstemm value was detected;
contrarily, at high (1.00% w/w) concentration the affected the viscosity especially at PTR2

Adding Miglyol to the gel drop wise, the maximum concentration was determined.
The two different polymerization-degree polymerewséd alteration . The gels containing the
lower polymerization-degree polymer could take ugrenoil than the higher one, which can

be explained by flexibility at the interface.

Rheological Investigation

Few pieces of information can be found in the &tere about the Pemulen’s rheological
characteristics. An increase in viscosity was dbedrwith the polymeric emulsifier and the
concentration and the emulsions showed thixotropwrdithixotropy. In my studies initial
viscosity o), and the damping factor (&@&nwere used to characterize the rheological
properties of the gels and emulsions.

Initial viscosity was determined by the power lawdal:
n=no D" (1)



wheren is the viscosityyo is the initial viscosity, D is the shear rate angd the power (shear
thinning) index. (In the further results viscositygans the initial viscosity.)

For the viscoelastic characterization of the esouls tad (loss tangent or damping
factor), G’ (storage modulus) and G” loss modulésewsed.

tané=G"/G’ 2
Where G’ is the storage modulus, G” is the loss magl The smaller tan(or the greater G’)
is, the stronger the interaction is in the gelctite.

By correlating the viscosity values of the emutsi to one of the simple gels it can be
concluded that there is not a pregnant differeretevéen the gels and emulsions with the
same polymer content for PTR1 samples (Fig.2A).t@aity, for PTR2 ones the inner phase
increased the viscosity.
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Fig.2 Viscosity (A) and damping factor (B) as fumetof the polymeric emulsifier
concentration (emulsions oil concentration is 20%)

In the course of the oscillation measurement at pmlymer content the emulsions
showed higher elasticity, while at high concentratihe gels did (Fig.2B). It can be supposed
that the presence of the inner phase improvesotimeation of the gel structure and therefore
the elasticity at low concentration, but (relatielecreases that at a high one.

Raising the amount of the oil increased the vidgosi case of the both of the
polymers. In turn damping factor showed an incregitle the oil concentration in the PTR2
samples, while an decrease in the PTR1 sampleghwhdicates that the increase of the
volume fraction depresses the elasticity in thesee types.

When coemulsifiers were used the viscosity usuialtyeased with the cosurfactant
concentration, while the damping factor decreasbi tendency was most remarkable in the

case of S101 where those values changed extremlaigha(1.00%) concentration (Fig.3).
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Fig.3 Variation of the viscosity and the dampingtéea in function of the S101 concentration
(PTR2 0.10%, oil 20%)

Thermogravimetric investigations

My basic assumption was that the polymer, duest@utrfactant nature, migrates toward the
interface; consequently its concentration will dase in regions far from the oil droplets. If
this concentration difference is considerable, agoeous phases are obtained, which can be
separated well on the thermograms. The first oleeoound water in the micro gel, and the
second one is relatively free water. In the casa t@w polymer content two peaks can be
separated well on the dTG curve, one peak correlsptinfree water at about 100-110°C, the
other to micro gel (bound) water at about 140-160When the quantity of the polymer is

increased (over 0.40% w/w) the two peaks disappaad, only one peak can be observed
(Fig.4).
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Fig.4 DTG curves at different PTR2
concentration (oil 20%)
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If a coemulsifier is also used, changes in the osicucture can be assumed. The coemulsifier
with its smaller molecules is also oriented onitiierface; therefore in a higher concentration
it can displace the polymeric emulsifier with geramolecules. As a result, the micro gel
around the droplet will disappear.
The relationship between microstructure (which wdkienced by the added coemulsifier)

and rheology is illustrated well by Figure 5, shogvthe relationship between the quantity of



micro gel water and the rheological constants (8#y, storage modulus), which can be
described with a power function:
n=4.45¢"% (R=0.980) (3)
G'=17.24¢%> (R°=0.851) (4)

wheren is the viscosity, G’ is the storage modulus amgltbe water content in the micro gel.

o Fig.5 Correlation between the
8 micro gel water and the

- viscosity/ storage modulus of
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P ratio (PTR1 0.10%, oil 20%)
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Microscopical investigations

Droplet size analysis

The average droplet size of the emulsions expasigntecreased with the emulsifier content
as it was expected. By increasing the oil concéntramaximum points were on the curves.
At both polymeric emulsifiers a maximum averageptgb size was shown at 30% w/w oil
content. Above this value the droplet size stamedreasing. This phenomenon can be
explained with the better stability of the emulsatrabout the same concentration of the two
phases. With the use of coemulsifier the changdbefiroplet size are not definite. At low
coemulsifier content the droplet size oscillatetie Tinterface may still be changing in this
range; it is not a good ratio of the two emulsgi¢n form a stable interface. Contrarily, at a
high coemulsifier concentration a new interfacelddwave been built up and formed a stable

structure. The combination of the Pemulens and S&&lshown as the best one.

Confocal laser scanning microscopy

In this study the location of the polymer was detdcby this method. With the use of
rhodamine B, which can be considered as a terianyne, hydrogen bonding or electrostatic
interaction may form between the carboxyl groupshefpolyacryl-acid and the fluorophore,
so the dye concentration will be higher where tloé/mper concentration is higher. Fig.6

shows the difference between the dye distributadribe different types of fluorophores.
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Fig.6 Difference of the dye distribution of the swd fluorescein and rhodamine B

3.3 Stability

In the case of the gel structure investigationew@poration rate and the amount of the
bound water were followed during a 3-month stortage.

It was established that the evaporation rate @grehsed during the storage time,
which can be described with a semi-empirical equati

v= Adt® (5)
where A is the evaporation rate at t=0, t is the storage tind k is the velocity constant.

Besides the hydration state of the emulsions, athanges occurred in the micro gel
structure. In the case of PTR1 the amount of therorgel water decreased, while it increased
in the case of PTR2.

In this work microscopical droplet size analysisl @neological methods were used for
predicting the emulsion stability and the paranseteere followed during 3-month storage
time.

If flocculation occurs on storage (without Ostwaipening and/or coalescence) the
value of the initial viscositynp) and the yield valuesf) will increase. In my studyj, was
calculated from the power law as it had been desdrpreviously and, was calculated from
the flow curve model on the basis of the HerschdkBy equation:

6 = oo +kD" (6)
where k is the flow coefficient and n is the HerdeBulkley index.

The cohesive energy (Eis also used to measure the extent and strengtheo
flocculated structure:

Ec= % Gye’ ()
where G’ storage modulus amg is the critical strain value which is the minimtnain over
which the structure breaks down. The higherd: the more flocculated the structure is. In
this type of gel emulsions flocculation is the mespected process during storage.



The viscosity and yield value usually changed palral the course of the rheological
tests (Fig.7) but in the case of emulsions withyyew polymer content the change of these
parameters was different, which may suggest thatiapflocs formed or coalescence and/or
Ostwald ripening occurred in the emulsions (FigEwever, in the case of a gel-emulsion it
is not possible to separate the gel structure adwagd the emulsion breakdown processes
from each other, so the increase in the viscosityyaeld value may have happened because
of one or both of them.
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Fig.7 Changing of the viscosity and the yield vadueing the storage time at different
polymer concentration (oil 20%)

0.4 PTR1

0,35
o3 ——10%
? 02 —o— 20% Fig.8 Changing of the cohesive
2 % SE energy during the storage time
g 0 — 0 . s .
Yoo e 50% at different oil concentration

005 (PTR1 0.10%)

0+ T
0 2 4 6 8 10 12 14

Storage time (week)

In the course of the image analysis there wereentarkable changes in the average
droplet size of the emulsions during storage. lansethat coalescence has not occurred
during that time (Fig.9).
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Fig.9 Changing of the average droplet size durimg $torage time at different polymer
concentration
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3.4 Applicability

Bioadhesion

The bioadhesive behaviour of the emulsions wasemifft depending on the different
polymerization-degree polymers used in the premaratWhen increasing the polymer
concentration at low values, there were changdserein detachment force nor in adhesive
work. Above 0.2% w/w both detachment force and adleework decreased with the amount
of the polymer in the case of the higher polymermadegree polymer and increased in the
case of the lower polymerization-degree polymeg.(F).

No significant change was observed in detachmergefavhen increasing the oll
concentration. There was a slight decrease in betachment force and adhesive work
between the simple gel and emulsion, which sugg#sis the added oil reduced the
bioadhesivity of the samples.

When a coemulsifier was used, a decrease inlteta force and adhesive work was
observed, which is more expressed at a high Sliddeadration.
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Fig. 10 Effect of the emulsifier
concentration on the detachment
force (oil 20%)
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At low polymer concentration, due to the interactlmetween mucin and poly(acrylic-
acid), polymer agglomeration can be observed énpilstures. In addition, oil droplets were
retained in them. It can be assumed that mucinddrivioadhesive bonds with the micro gel
around the droplets and not with a network. Indberse of the tensile test measurements the
samples in this range did not show changes in ibadbesive behaviour. At high polymer
content (above 0.2 % w/w) no agglomeration candss sso interaction arose with the total

polymer network (Fig.11)
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Fig.11 CLSM images of the simple emulsion and Balsion-8.0% w/w mucin solution
mixture at low (first row) and high (second row)yeric emulsifier concentration

Drug release
No considerable difference could be observed usiatgr soluble Metronidazole. When the

components such as polymer, oil or coemulsifier centration of the emulsions were

changed, no difference was found in the dissolypiafile. Only a few alterations can be seen
between the simple gels and the gel emulsions. I€tomustructure lowers the dissolution rate
in the first hours. The micro gel structure mayénalowed the drug release.

When a Lidocaine base was dissolved in the oil phta& components of the emulsion
affected drug release. With the increase of thgrpet concentration it can be observed that
the rate of drug release and the amount of thasetédrug increased, while with the increase
of oil concentration the lidocaine release decr@éad€ég.12). These phenomena can be
explained by i) structure of the interfacial laye; changes of interface area and iii)

concentration gradient between the oil and the m@tases.

12
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Fig.12 Effect of the polymer (A) and the oil(B)ncentration on the lidocaine release

When a coemulsifier is used, a minimum release cate be observed at 0.10 %
coemulsifier concentration (Fig.13). It suggests tihe change of the interfacial layer has an

important role in this phenomenon. 1:1 can be #s bombination rate of the two emulsifiers

at which the distribution of the Lidocaine betwdlba two phases is the slowest.
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Fig.13 Effect of the coemulsifier
concentration on the lidocaine
release (PTR1 0.10%, oil 20%)

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

of gel-emulsions. As a summary of my experimentatkythe following conclusions can be

made:

» The wetting and the swelling of these polymeric ksifiers is a prolonged procedure, and

Pemulens show low surface activity.

» Gel-emulsions have viscoelastic properties, theymel, the oil and the coemulsifier

concentration have an influence on the rheologioaperties.

Gel emulsionscontainingPemulensform a special (micro gel) structure which can be

identify by thermogravimetric investigations anddonfocal laser scanning microscopy.

The stability of the emulsions can be divided itwo groups: change of i) macrostructure,

and ii) microstructure. The macrostructure (thepthbsize) can be considered quite stable

while the microstructure (the solvatation of thdypter chain, the evaporation rate, the

13



amount of the micro gel water, the rheological erties) changed continuously during
the storage.

The oil added to the emulsion slightly modified itheheological and bioadhesive
behaviour. With increasing polymer concentratiome two different polymerization-
degree polymers showed different results. The addedhulsifier modified the structure
of the emulsions, which influenced the bioadhesivaracteristics.

Comparing the thermogravimetric end bioadhesive sumeaments, it can be concluded
that i) the emulsion containing mainly micro gebwand the droplets shows a more
remarkable bioadhesive force than the sample witbheerent polymer network; ii) there
is no difference between the bioadhesivity of thegles where the coherent gel structure
had not built up.

Drug release from the gel emulsions is influencedhe special gel structure in addition
to the well known factors (e.g. viscosity, dropkEze, water-oil ratio etc...). This
phenomenon could be observed in the case of aHifpogdrug (Lidocaine base), but could
not in the case of a hydrophilic drug (Metronid&jol

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

Their structure is influenced by different factofs it was presented in this study, the gel

structure can modify the bioadhesive behaviourtaeddrug release profile of the systems. It

suggests that a structure analysis is needed tdicpréhe properties and hence the

applicability.
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