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1 INTRODUCTION

Emulsions have been used for centuries in variausaghs in the pharmaceutical, cosmetic,
food, paint and road industry.

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

In pharmacy and medicine they are formulated fotugily all the major routes of
administration: dermatological, oral and parenteralthough emulsions have several
advantages over other dosage forms (often impraeavailability and/or reduce side effect)
they are not used as extensively as other dosags fanainly oral and parenteral) because of
emulsion instability, which results in unpredictlrug release profiles and possibly toxicity.
Therefore one of the most important tasks is taenghe kinetic stability of these systems. In
addition to stability, other requirements also hdwebe satisfied by emulsions used in

cosmetic and pharmaceutical industries, e.g. ap@tepconsistence and safety of ingredients.
2 LITERATURE SURVEY

2.1 Emulsions, types of the emulsions

An emulsion is a heterogeneous preparation compadetivo immiscible liquids (by
convention described as oil and water), one of Wwicdispersed 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 watereih{w/0)
= Secondary emulsions: w/o/w or o/w/o

Il. Microemulsionso/w, bicontinuous and w/o

[1l.  Nanoemulsionso/w and w/o

Macroemulsions are not stable thermodynamicallyeséh emulsions are typically

polydispersed, their droplet diameter is variowssially ranging from 1 to 100 pm.



Microemulsions, in spite of the similarity of theierm “emulsion”, are absolutely
different from macroemulsions in their physical atermodynamic properties and their
structure. They are thermodynamically stable, agptr homogenous dispersions of water in
oil (w/o) or oil in water (o/w). These isotropiglabilised systems can form in the presence
of surfactants, sometimes the presence of a casanfiais also required [2]. Microemulsions
are liquid and behave as a newtonian liquid, sg tieve low viscosity. However, recently
increasing preference can be observed for microgonibased gels which can contain a
viscosity enhancing agent [3-5]. These higher \8ggmsystems are more suitable for topical
administration.

Microemulsion formation is spontaneous and does require much energy. The
application field of these systems is diverse. They frequently used as intravenous drug
carriers because of their low viscosity, biocomphty and high capacity to improve the
bioavailability of drugsThis phenomenon is more important in the casegsf toxicity drugs
such as antitumor drugs [6-9]. Microemulsions aedl Wnown to improve the absorption and
bioavailability of many compoundflO, 11], so their topical application is widespmea
especially in the case of anti-inflammatory drugsl2-14] or hormones [15].

In the last two decades, nanotechnology has beeelageng rapidly as one of the
most promising and attractive research fields. Teehnology offers the potential to
significantly improve the solubility and bioavailaty of many drugs [16]. Emulsions with
nanometric droplet size (typically in the range26F200 nm) are transparent or translucent
systems and are also frequently called mini-emuofsioThey are often referred to as
submicron emulsions, which are not equivalent t@rrttodynamically spontaneous
microemulsions [17]. The cause of the confusioth&r long-term physical stability without
apparent flocculation and coalescence. The attraati nano-emulsions for application in
different fields is due to the following advantagg@so creaming or sedimentation occurs on
storage (because of the reduced gravity force lamd@townian motion of the small droplets);
i) small droplets also prevent any flocculatiomy no coalescence because the droplets are
non-deformable and hence surface fluctuation igsgred, and the relatively thick surfactant
film prevents any thinning or disruption of thedid film between the droplets; iv) the large
surface area and the small droplets improve theetpstion of the actives; v) pleasant
aesthetical character and good skin feeling; viyelo surfactant concentration than in
microemulsions (5-10% w/w instead of 20% w/w).

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

in last decades for the following reasons: i) theparation of a nanoemulsion requires special



techniques such as high pressure homogeniser aasvgltrasonics and hereby sometimes it
is very expensive; ii) lack of the understandinghe mechanism of production of submicron
droplets and the role of the surfactant and costafd; iii) lack of the understanding of the
interfacial chemistry; iv) lack of the knowledgeoaib Ostwald ripening, which is the most
frequent stability problem of the nanoemulsions][Er these reasons, hanoemulsions are
widely used in pharmaceutics, cosmetics and th&y @llay an important role in the synthesis
of polymer dispersions and nanoparticles [19, PQiring the last years, nanoemulsions have
been designed to deliver drugs by various admatistn routes such as intravenous, oral,
ocular for therapeutic needs [21-22].

As a summary, research in the last decade aboutlsiems in pharmaceutical
technology can be divided into four main groups:

1. To find new type emulsions as drug delivery systg§8s26]: Increasing interest has
been shown for the design and evaluation of tadgeteulsion systems in the cancer,
the human gene, the macrophage targeted therafiyeantestinal insulin therapy,
especially PEGylated [27, 28], mannosylated] [@P folate-tethered emulsions have
been used in the first three cases [30] and w/8Ay B2] or s/o/w [33-34] (solid-in-
oil-in-water) emulsions systems have been useldanast case.

2. Investigation of the structure and stability of ésmns with new methods [35-37]. In
addition to the classical methods (conductivityealogy, pH, centrifugation etc.)
some new ones can be found in the literature, sischrourier transform infrared
spectroscopy (FTIR) [38], confocal laser scanningrascopy or thermoanalysis
(differential scanning calorimetry, thermogravinystr thermogranulometry).

3. Investigation of drug release from emulsions syst§38-43].

4. Lipid formulations for improving the bioavailabpitof poorly water-soluble drugs
such as spray-dried redispersible emulsions [44-46]

The great number of the publications, the wide ean§ the application fields of
emulsions and their usage in modern therapy aitate that these systems can be regarded as

effective and up-to-date drug carriers even intiécentury.

2.2 Stability of emulsions

As the life span of most pharmaceutical dosage $aara few (3-5) years, sufficient physical
stability is required in this time, therefore theshimportant task is to develop long-term
stable new emulsions. This can only be achievethbyadequate control of the instability

processes, which is often challenging since emulsistability is a complex process and may



involve a combination of different mechanisms (one® or sedimentation, flocculation and
coalescence) [47].

Emulsions are not stable thermodynamically; thdlstastate of an emulsion is the
form of its phases in layers separated by intesfaSeveral processes are known to lead to the
destruction of the emulsion structure, such aogdculation ii) creaming or sedimentation iii)
coalescence iv) phase inversion v) Ostwald ripening

Flocculation is the aggregation of droplets dugan der Waals attraction when there
is not sufficient repulsion between the droplet&n&ally, for flocculation to take place
emulsion droplets have to pass via a stabilizireygnbarrier to a position close enough to be
trapped in an energy minimum. Flocculation can éduced (or eliminated) by an energy
barrier between the droplets which can be an éattouble layer (e.g. by ionic surfactant)
or non-electrical layer (by non-ionic surfactantgolymers) [48, 49].

Creaming or sedimentation is separation causetdypward or downward motion of
the emulsion droplet with lower or higher densityart the continuous phase. The rate of
creaming or sedimentation can be described by Std&e. In the case of a concentrated
emulsion the rate of creaming or sedimentationoisel than predicted by Stoke’s law
because of the limited movements of the dropletee Thost common method to reduce
creaming or sedimentation is to use thickenergpgisy enhancing agents [48, 49].

Coalescence, where dispersed phase droplets merfgn larger droplets, takes
place in two distinct phases: i) thinning of thgquid film between the droplets and ii) its
disruption. A special case of coalescence is pactalescence. Partial coalescence occurs
between partially crystalline droplets when thestals on one droplet penetrate a second
droplet. During this state each droplet retainsnitsvidual identity (like in flocculation) but
there is a molecular contact between their contdiks in coalescence). Over the melting
point the crystalline network is destroyed and plagtially coalesced droplets will coalesce
[48, 49].

Ostwald ripening occurs when there is significansambility between the oil and
water phase. Droplet size distribution also charggsause of the molecular diffusion from
small to larger droplets due to the differenceha Laplace pressure [1, 50, 51]. Kelvin was
the first who related the solubility of the parialith radius r, S(r) to one of a particle with
infinitive radius Sfo):

S(N=S(e)exp(2rVm/rRT) (1)



wherey is the interfacial tension, Vis the molar volume of the dispersed phase, Reggas
constant, and T is the absolute temperature. Fordmeplets (with + and p) the Ostwald
equation can be written as:

(RT/V )IN(S1/S)=2y(1/r1-1/r) 2
The rate of Ostwald ripening) can be described by the LSW (Lifshitz, Slezov Svagner)
theory:

o=d(r’)/dt =8DS.)V/9RT (3)

where ¢ is the critical droplet radius (neither growingrngecreasing in size), D is the
diffusion coefficient of the dispersed phase in¢batinuous phase.

The following methods can be used to reduce Ostwipkhing: i) reduction of the
interfacial tension, ii) enhancement of Gibbs Etast (using polymeric surfactant less
insoluble in the continuous phase) or iii) incogian of a small amount of highly insoluble
oil [52].

Knowing the stability problems of emulsions, it cha concluded that three basic
conditions must be met to form a stable emulsi@): [§ the two liquids must be immiscible
or mutually insoluble in each other ii) sufficieagitation must be applied to disperse one

liquid into the other iii) an emulsifying agent@icombination of emulsifier must be present.

2.3 Gel-emulsions

Gel-emulsions, besides microemulsion gels and seémong to coherent emulsions [35].
Possibilities to form a gel-emulsion are the foliog:

The first is gel formation of the water phase bydiophilic polymers such as
polysaccharides, carrageenan, gelatine etc. [54,d85gel formation of the oily phase by
hydrophobic polymers such as wax [56]. These galieions can be considered as a gel
matrix in which droplets are embedded. In this wayulsions can be prevented from
creaming and coalescence. Some pieces of workfbaused on the effect of the presence of
a dispersed phase on gel properties. It was esialolithat the rheological properties of this
type of gel-emulsions depend on the volume fracéind on the interaction between the gel
matrix and the droplets [55, 57]. This phenomenan be explained by the difference

between their deformation behaviour during shea(fg.1).



Apply a shear siress

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

Filler particles which interact with the gel matrithey are called active fillers, are able to
decrease or increase the gel strength. In theafgeetein gels containing protein-covered oil
droplets, gel stiffness can be improved when theodwkd protein layer interacts with the
protein gel matrix [58, 59]. Contrarily, inactivéldrs have just a little chemical or physical
affinity for the molecules forming the gel matrindaalways decrease the gel strength [60]
(Fig.1). The interaction between the oil dropletsl dhe gel matrix depends on the surface
properties of the droplets and the nature of thifastant [61]. In addition, the particle size of
the dispersed phase can also affect their propd&H#.

The second possibility is in situ gelation of thelymer at the interface or in the
continuous phase during/after the emulsificatioocpdure or after the application (Fig.2) [3,
63, 64]. The latter allows the injectable formudatiof gel implants. In situ gelling systems
can be divided into two categories [65]: i.) syssesne created upon irradiation with visible or
UV-light; ii.) self-assembly systems. Photopolymaable gels are formed in situ but they are
not self-gelling. They require a photoinitiator lfSessembling gels are formed spontaneously
or after a certain trigger such as temperaturegipélectrolytes concentration.

j Self-assembly
N in emulsion

S >
e
"

Crosslinking

Amphiphilic molecules

Fig.2 In situ gelation at the interface

The third possibility is using polymeric emulsiter



2.4 Polymeric emulsifiers

The formation of a stable emulsion requires thesgmee of a third component, an emulsifier,
which is adsorbed at the oil-water interface amtlices interfacial tension. In the last decades
the attention has been focused on two differergsygf emulsifiers: i.) polymeric emulsifiers,
and ii.) Pickering-type emulsifiers.

Pickering-type emulsions are described as surfafte@ emulsions. Pickering-type
emulsifiers are solid particles arranging betwd®an ¢ontinuous and dispersed phase, where
they provide a steric hindrance [66, 67]. The s@fidno- or micro-) particles can function
similarly to a surfactant molecule but have différproperties, e.g. they do not assemble into
an aggregate in the same way as the surfactamtsnfocelles [68].

Polymeric emulsifiers are one of the most effecstadilizers 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 (Fig.3). In addition to the
stabilization of the emulsion, the application ofpalymeric emulsifier is very different.
Increasing preference has been shown for polynserfactants in emulsion polymerization in
order to prepare microparticles, nanoparticles. desnpared to low molecular weight
surfactants they have a relatively low critical elie concentration and thus their micelle
formation is improved. Some authors have dealt widtymeric surfactant-based micelles as
drug delivery systems. They can solubilize poodiuble drugs and stay in the body for an
extended time. On the one hand, the usage of piregaolymers increases their circulation
time; on the other hand it decreases their accuronlan the RES [69]. PEG-coated particles
are the most common examples. Numerous scientificksv verified the efficiency of
“PEGylated” drug carriers: they prolong the resketime 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 onéhefblocks is soluble in one of the
phases and the other is soluble in the other pHdsese amphiphilic molecules are able to
form micelles. However, the aggregation numberribfdck copolymers is smaller. The most
widely used tri- and diblock copolymers contain yathylene oxide (PEO) polypropylene
oxide (PPO) (Pluronics, Synperonic) [72-74] andykcrpolymers [75]. In addition to the
examples above, several block copolymers have imegrioned in the literature: ethoxylated
aniline, 2-amino benzene thiol and benzene sulphate [76], hydrophobically modified
ethyl(hydroxyethyl)cellulose [50], polystyrene-poiyyl alcohol diblock, polystyrene-
polyethylene oxide triblock, polyethylene glycolgulactide ABA block [77] or proteins,
polysaccharides which are produced by a wide rafgeicroorganisms. The latter are called
“bioemulsans” [78].

Graft copolymers contain a polymeric backbone B ancherous A chains, which
form a “brush” at the oil-water interface. They aro form micelles in solution, but with a

small aggregation number. The most common grafyrpets consist of a polystyrene or
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polymethyl methacrylate backbone and polyethylerigleo chains (Atlox 4913, Hypermer
CG-6), but other types can also be found suchnaginibase surfactants [79], chitosan-based
surfactants [80], poly(methacrylic acid-g-ethylegigcol) [81] or grafted siliconic emulsifiers
[82].

Star copolymers have attracted much less attentimre are only a few studies on
their use [83, 84]. They are mainly used as polyraéion 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 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 @efime formulation environment
of the emulsions containing polymeric emulsifier.

4) To investigate the structure and properties (rhggobd behaviour, droplet size
distribution, bounding of the water, gel structuod)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 thetmds 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 aheé applicability.

The structure of the experimental work can be seéig.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) arss-tirkked block copolymers of
poly(acrylic acid) and hydrophobic long-chain mettyéates [85]. Traditional ionic or non-
ionic surfactants stabilize oil-in-water emulsiopsincipally by adsorbing and forming
lamellar liquid crystalline layers at the emulsiaterface requiring usage levels of 3-7% w/w
of surfactant. Contrarily, emulsions created witgrylow levels of Pemulens are highly
stable, because the hydrophobic portion of the mpetyanchors in the oil phase while oil
droplets are protected and held in place as atrektihe viscous aqueous gel formed by the
lipophilic part of the molecule around each oil et (Fig.5) [86]. The benefits of these
polymeric emulsifiers can be summarized as follayvaniversal emulsification, the cause of
which is that Pemulens do not depend on buildifiguad crystalline structure, so they can be
used with virtually any oil phase; ii) excellenalsility; iii) low irritancy, the cause of which,
on the one hand, is that Pemulens, being macronlekgado not penetrate into the biological
tissue, on the other hand they are used in a warycbncentration (less than 1.0 % w/w, w/w)

[87]; iv) simplifies emulsion formation procedur@g any temperature); v) potential reduction
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of application frequency, since the oil phase isreadily re-emulsifiable so it remains in the

surface, possibly minimizing the need for reappiara

Fig.5 Structure of the gel-emulsions
containing Pemulens

Continuous wdaf

Other components

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

Synperonic PE/Ls (S31, S61, S62 and S101) are eztbybxide-propylene oxide block
copolymers. It is used as wetter, dispersant, afiramlfo/w and w/0), antifoam, building
block [88]. The different numbers indicate differ@olymerization-degrees.

Miglyol 812 (Fractioned coconut oil, Triglycerida sturata media)

Miglyol 812 is a triglyceride of medium-chain sated fatty acids, mainly of caprylic acid
and capric acid. It is used as a solvent, stabjlisse of pharmaceutical products or source of
medium-chain triglycerides [89, 90].

Trolamine (Triethanolamine)

Its chemical name is 2, 2’, 2 -nitrilotriethanolrdfamine is applied mainly combined with
fatty acids such as stearic and oleic acid; equemaéar proportions of base and fatty acid
form a soap which can be used as an emulsifieb@itgpH 8 [89, 90]. It is widely used in
hydrogels as a neutralizing agent.

Metronidazole

Its definition is 2-(2-Methyl-5-nitro-1H-imidazol-§l)ethanol. Metronidazole has
antiprotozoal and antibacterial actions and isao#iffe against Trichomonas vaginalis and
other protozoa including Entamoeaba histolyca armtdiz lamblia, and against anaerobic
bacteria [89-91]. Metronidazole is known to be efifee used in bacterial vaginosis.

Conventionally, its dose is 500 mg orally twicelgdor 7 days (or 250 mg three times daily
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for 7 days in pregnancy) [92]. Clinical examinatdmave verified the efficacy of 0.75% w/w
Metronidazole vaginal gel twice daily for five days the therapy of bacterial vaginosis,
which was similar to that of the standard oral Meidazole treatment and was associated
with fewer gastrointestinal side effects [93].

Lidocaine

Its chemical name is 2-(diethylamino)-N-(2,6-dimgdgimnenyl)acetamide. Lidocaine is a local
anaesthetic. It is readily adsorbed from the gagestinal tract, from mucous membranes and
through damaged skin. It is used for infiltrationaasthesia and regional nerve blocks.
Lidocaine is also a classic antiarrhythmic usedhim 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 contgitrimiamine and preservative. The pH of
the gel was 5-5.5. After 24 hours the oil was adaethis gel while the sample was stirred
with a mixer (MLW ER-10, 800 rpm) for 20 minutesn Ilthe samples containing
coemulsifiers, the mixture of the coemulsifier amitl was added to the water phase. The
components of the emulsion can be seen in Tablel.

Table 1 Components of the emulsions

Concentration _
Component Function
(% wiw)
Pemulen TR1 or Pemulen TR2 ) N
01-12 Primary emulsifier

(Noveon, USA)
Synperonic PE/L 31, 61, 62, 101

(Unigema, UK) 0.001 -1.00 Coemulsifier
Trolamine (Ph. Hg. VIII.) atpH5.5-6 Neutralizing agent
Miglyol 812 (Sasol, Germany) 10-70 Oily phase
Purified water (Ph. Hg. VIIl.) 30-90 Aqueous phase
Lidocaine base (Ph. Hg.VIIl.) 1.00 Lipophilic model drug
Metronidazole (Ph. Hg.VIIl.) 0.75 Hydrophilic model drug
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3.2.2 Measurement of the surface tension

The measurement of the surface activity was caoigdvith a Kriiss tensiometer. A series of
the Pemulen solutions was prepared between 0.0000%¢@nd 0.25% w/w. The air-liquid
surface tension was detected. Each study was egptate times.

3.2.3 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 Young-Laplace equation.

3.2.4 Measurement of the Enslin number

The measurements were performed with Enslin ing#nin0.10 g of the polymer was laid
onto the filter paper (surface area = 12.57)onifi 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 distributweere measured with the Leica Q500MC

image analyser system. 500 droplets were analysedah emulsion.

3.2.6 Thermogravimetric investigation

The measurements were carried out with a MOM De&viyraph-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 weggdukfrom 25 to 208C at 5°C min™or

at 10°C min*. TG (weight loss % vs. temperature), DTG (derixafi G) and DTA curves
were plotted. Each study was repeated three times.

3.2.7 Rheological investigation

HAAKE RheoStress 1 Rheometer (HAAKE GmbH., Germanigh cone and plate geometry
(diameter 35 mm, cone angle 1° and the gap 0.048mtihe middle of the cone) was used to
study the rheological profile of the samples. Tlwvfcurve and the viscosity curve of the
samples were determined by rotation tests contfalesar rate. The shear rate was changed
from 0.1 §' to 100 & and then from 1007sto 0.1 §". The storage (G’), the loss (G”) moduli

and loss tangent (tda G”/G’) were examined as function of frequency(ir 0.1 Hz to 100
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Hz) at 1.0 Pa (in case of PTR1) and at 0.1 Padge ®f PTR2). These values of the shear

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

3.2.8 Tensile test

The mucoadhesive properties of the gel-emulsionse ievestigated by a TA-XT2 Plus
Texture Analyser (Stable Micro Systems, Enco, jtalthe samples (20 mg) were laid on a
filter paper fixed with double sided adhesive taypethe bottom of the upper probe. The
porcine buccal tissues were placed in the lowebg@rdhe upper probe with the sample was
lowered at a speed of 1.0 mm $amnto the surface and a downward force of 6000 nals w
applied for 1 min to ensure intimate contact betwdee sample and the tissue. After the
preloading the upper probe was moved upwards geadsof 4.0 mm's The detachment
force was determined and the adhesive work wasileddl from the area under the force-
distance curve. Each study was repeated twelvestime

3.2.9 Confocal laser scanning microscopy

The visualization of the gel structure and the Biesive bond between the emulsion and the
mucin was carried out with a Confocal Microscopest8ym Leica TCS SP2 (Leica
Microsystems Heidelberg GmbH., Germany) interfasdgth a Leica DMIRBE inverted
microscope and using a 40X oil immersion objectwigh 1.25 numerical aperture. The
excitation source was a Green Helio-Nebg € 543 nm) laser, the fluorescence emission of
rhodamine B was recorded between 580 and 630 nmodd&hine B (0.002% w/w) was
suspended in the oil phase and the oil was addetietovater phase. 8.0% w/w mucin
disperion was prepared from mucin and buffer solytpH 6.4. This solution was added to
the emulsions. 10:1 and 5:1 emulsion-mucin ratiesevapplied.

3.2.10 Drug release test

In vitro drug release tests were carried out witngbn SR8-PlusTM Dissolution Test Station
(Hanson Research Corporation, USA) using specidhwnt cells. 0.60 g of the sample was
placed into the ointment cell as a donor phase.riibmbrane was a Porafil membrane filter
(pore diameter was 0.44m). The acceptor phase was 70 ml buffer pH 4.5hendase of

Metronidazole (this pH is about the pH of the vagim bacterial vaginosis) and 70 ml buffer
pH 5.4 in the case of Lidocaine (this pH approadhe natural pH of the human skin). The

guantitative determination of the drugs was perfmvith a UV-VIS spectrophotometer
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(Unicam He.os-a, Spectronic Unicam, UK) at a wavelengthisf 319 (Metronidazole) and

A= 230 (Lidocaine). 7 parallel measurements wereanad

4 RESULTS AND DISCUSSION

4.1 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 which is indicated by the contact
angle at about 90° but better with Miglyol, whichindicated by the lower value (Table 1).
There is no remarkable alteration between the sgalfedifferent polymerization-degree
polymers.

Table 2 Contact angle of the Pemulens

Contact angl® (+ 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, dh@unt of the water taken up is
quite low (low Enslin number) (Fig.6). These twmperties have to be considered for the
preparation of the gels or emulsions. This is these why the samples had been stored for

24h before the emulsification procedure.

0,5 ~ ¢ PTR1
O PTR2

Fig.6  Swelling (Enslin
number) of the polymeric
emulsifiers
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In the course of the surface tension measuremesrtsulens like other polymeric
emulsifiers showed low surface activity, which sestg that the presence of a coemulsifier is
also required to facilitate the emulsification prdare[94]. The critical micelle concentration
(CMC) is determined by the minimum of the concemravs. surface tension plot. These

emulsifiers have a low CMC value, which can be axm@d by the improved micelle
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formation ability of the amphiphilic macromoleculds the case of Pemulens this value is
0.005 % w/w (Fig.7).
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PTR1/PTR2 concentration (% w/w)

When the pH was changed at low polymer contenbstamt value was detected;
contrarily, at high (1.00% w/w) concentration the affected the viscosity especially at PTR2
(Fig.8). For the further examination the pH of g@mnples 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@®itaining polymeric emulsifier

Adding Miglyol to the gel drop wise, the maximumn oconcentration was determined
(using burette). The maximum oil concentration Wespoint when the two phases separated
for the next oil drop. The two different polymetimam-degree polymers showed alteration
(Fig.9). The gels containing the lower polymeriaatdegree polymer could take up more oil
than the higher one, which can be explained byllkty at the interface.
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4.2 Structure and properties of the emulsions anche simple gels

4.2.1 Rheological investigations

The knowledge of the rheological characteristicstlué systems is very important for
monitoring the changes of the microstructure aredkivadhesive behaviour. Few pieces of
information can be found in the literature abow Bemulen’s rheological characteristics. An
increase in viscosity was described with the polyenemulsifier and the concentration and
the emulsions showed thixotropy or antithixotro®p,[ 96]. In my studies initial viscosity
(mo), and the damping factor (@mwere used to characterize the rheological pragsedf the
gels and emulsions.

Initial viscosity was determined by the power lawdal:

n =m0 D" (4)

wheren is the viscosityyo is the initial viscosity, D is the shear rate and 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 modulesewsed.

tané=G"/G’ (5)

Where G’ is the storage modulus, G” is the loss uhagl The smaller tan(or the greater G’)
is, the stronger the interaction is in the gelctite [97].

4.2.1.1 Effect of the polymer concentration

By correlating the viscosity values of the emulsidon one of the simple gels it can be
concluded that there is not a pregnant differenevéen the gels and emulsions with the
same polymer content for PTR1 samples. ContrdolyPTR2 ones the inner phase increased
the viscosity (Fig.11). The correlation between tiscosity and the polymer concentration

was the following exponential equation:
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N=ne*exp(m*c)

(6)

where c is the polymeric emulsifier concentratiop, is the viscosity extrapolated to the

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

In the course of the oscillation measurement at pmlymer content the emulsions

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

that the presence of the inner phase improvesattmeation of the gel structure and therefore

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

4.2.1.2 Effect of the oil concentration

Raising the amount of the oil increased the viggpgihich can be written by an exponential

eqguation similarly to the changing of the polymentent. In turn, the damping factor showed

an increase with the oil concentration in the PBRghples, which indicates that the increase

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

4.2.1.3 Effect of the coemulsifier concentration

Some authors have examined emulsions based omwithigmation of Pemulens and non-ionic
emulsifier. They have established that the addittdna mixed emulsifier significantly
modified the rheological characteristics of the &oms [98, 99]. The viscosity of the
emulsion increased with the amount of the non-i@mulsifier. When Polysorbate 80 was
used as a non-ionic emulsifier, this phenomenonexatained by the interaction between the
polymeric emulsifier and the non-ionic emulsifier.our study, when Synperonics were used,
the viscosity usually increased with the cosurfaictaoncentration, while the damping factor
decreased (Table 3). This tendency was the mosirkanle in the case of S101 where those
values changed extremely at high (1.00% w/w) comagaon (Fig.14).

Table 3 Viscosity and damping factor values

No (Pa*s) tand

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

Coemulsi- Concentration (% w/w) Coemulsi- Concentration (% w/w)
fier 0.00 0.01 0.05 0.10 0.50 1.00 fier 0.00 0.01 0.05 0.10 0.50 1.00
S31 142 16.8 11.3 11.8 20.4 S31 0.116 0.140 0.132 0.136 0.128
S61 194 18.1 11.8 145 25.9 254 S61 0.140 0.116 0.120 0.109 0.110 0.113
S62 19.4 145 14.8 23.4 19.7 S62 0.125 0.117 0.117 0.108 0.108
S101 21.0 23.6 23.7 18.0 223 S101 0.125 0.121 0.112 0.111 0.095

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

Coemulsi- Concentration (% w/w) Coemulsi- Concentration (% w/w)
fier 0.00 0.01 0.05 0.10 0.50 1.00 fier 0.00 0.01 0.05 0.10 0.50 1.00
S31 24 28 25 19 20 S31 0.624 0.579 0.608 0.612 0.601
S61 s 24 27 22 20 19 S61 0.650 0.612 0.581 0.615 0.582 0.573
S62 25 25 24 22 26 S62 0.583 0.582 0.616 0.665 0.624
S101 24 26 29 25 38 S101 0.624 0.544 0.529 0.489 0.358
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4.2.2 Thermoanalytical investigations

Thermoanalytics is becoming increasingly important the structure examination of
pharmaceutical dosage forms. Recently, in additorthe research of solid dosage forms
[100-102], it has also been used successfully eitivestigation of liquid and semi-solid
systems. Thermoanalytical measurements allow ilgastg the microstructure of emulsions,
creams and other semi-solid systems. Several paperg the structure of various semi-solid
pharmaceutical preparations and cosmetic prodeajs ¢reams and liquid crystals) have been
published in literature [103-107]. The majoritytbe investigations focus the attention on the
binding of water: free, bound or interlamellar tgpe water are distinguished [108-11Zhe
choice of the heating rate is a very importantdadh the examination of the emulsions
containing Pemulens. The shape of the TG and DT@esucan be absolutely different
(Fig.15). The cause is the special gel structurtn@se emulsions. Our basic assumption was
that the polymer, due to its surfactant nature rates towards the interface; consequently its
concentration will decrease in regions far from tbié droplets. If this concentration
difference is considerable, two aqueous phaseskaened, which can be separated well on
the thermograms. The first one is the bound watehé micro gel, and the second one is
relatively free water. But in these emulsion thiereo barrier between the different gel phases
as it is known in the case of e.g. lamellar striegulf the heating rate is lower, the water will
evaporate simultaneously from the all the wateisph&ontrarily, if the heating rate is higher,
the free water will evaporate first and the bouratew later. Figure 16 clearly shows that two
peaks can be separated well in the DTG curve, ea& porresponds to free water at about
100 °C, the other to micro gel (bound) water atualiglO °C. Whereas a simple gel with the
same polymeric emulsifier concentration has a aek®TG curve (Fig.16).
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For the examination of the evaporation from gelemulsions, and of their hydration
state it is better to use a lower heating ratdinita linear equation to the linear part of the
TG curve, its slope will give the evaporation ratehe whole sample.
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Fig. 15 Thermograms of the gel-emulsion at a heatate 5°C/min (A) and at 10°C/min (B)
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Fig.16 Difference between the thermogram of theegallsion and one of the simple gels

4.2.2.1 Effect of the polymer concentration

The examination of the evaporation rate showedt, \mas expected, that it was slower for the
emulsions than for the gels (Fig.17). Because dem@vaporation and heating, an oil layer
separated onto the surface, which functions ascalusive layer decreasing the evaporation;

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

When the quantity of the polymer is increased, pracesses can be expected to occur
in the gel structure of the emulsions: i) the if#tee becomes saturated so the excess polymer
will not appear in the boundary layer any morerefare it will reduce the concentration
difference between the interface and the more mlistaieas; ii) the increased polymer
concentration will result in a greater number déractions between the chains, which in turn
over a certain concentration will inhibit the ori@ion of the polymers towards the interface
to some extent. As a consequence, the differeoiaif the gel structure can be expected to
disappear with increasing polymer content. Whengbantity of the polymer is increased
(over 0.40% wi/w) the two peaks disappear as exgeatad only one peak can be observed
(Fig.18).
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Fig.18 DTG curves of emulsions with increasing polymenisifier contenfoil 20% w/w)
4.2.2.2 Effect of the oil concentration

The evaporation rate linearly decreased with theuarhof the oil. The higher the oil content,
the larger the occlusive layer which hinders evapon. In the samples containing different

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

of the olil layer.
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The TG curves of the emulsions at different oih@entrations are shown in Figure 20.
The higher the oil content is, the greater ratiohef bound water can be observed, which can
be calculated from the height of the steps. At % w/w) and high (50% w/w) oil
concentrations only one step can be seen in theesuwhile at middle (20-40% wi/w)
concentration two steps can be separated. At aclomcentration the surface and so the
orientation of the polymer may not be significamoegh to be detected. At a high oll
concentration the polymer-water ratio is so hight the entire aqueous phase is bound by the
polymer gel. In the case of the samples contaiRhB2, in which the lower polymerization-
degree-polymer was applied, the two steps on theclifse can be detected at high oil
concentration, too, because the smaller polymemsheaan move easily so they can orient

towards the oil droplets even at a relatively hpglymer content.
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Fig.20 TG curves at different oil concentration @O or PTR2 0.10% w/w)

4.2.2.3 Effect of the coemulsifier concentration

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

with its smaller molecules is also oriented onitiierface; therefore in a higher concentration
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it can displace the polymeric emulsifier with geraimolecules. As a result, the micro gel
around the droplet will disappear.

It can be said generally that the application obeamulsifier decreases the evaporation
of the gel, so the changes of the micro gel strecaffected that (Table 4). In the case of S101
this change can be described with the followingisemmpirical equation (Fig.21):

v=0.597¢&%1 (7)
where v is the evaporation rate and c is the Sb@tentration.

Table 4 Evaporation rate

Evaporation rate (mg/s)
PTR1 0.20% w/w

i

o 08 Coemulsi- Concentration (% w/w)
o U,
£ \i*.\_._____\___ u fier 0.00 0.01 0.05 0.10 0.50 1.00
£ os —n
c S31 0.752 0.593 0.657 0.566 0.613
S 04 y:0’597x-0.0613
© 2_ S61 0.569 0.710 0.516 0.656 0.732
s 02 R“=0,8086 0.773
g S62 0.586 0.734 0.742 0.583 0.642
[T}
0 -+ T T T T T |
0 02 04 06 08 1 12 S101 0.829 0.686 0.651 0.667 0.588
S101 concentration (% wiw) PTR2 0.20% wi/w
Coemulsi- Concentration (% w/w)
Fig.21 Evaporation rate in function of the fier 0.00 001 0.05 0.10 050 1.00
. o .
0
20% wiw) S61 . 0508 0.488 0.545 0436 0.458
S62 ' 0.491 0.432 0.372 0.516 0.542
S101 0.529 0.408 0.466 0.989 0.676

Figure 22 shows the changes of TG curves as thetitun of the coemulsifier
concentration. The difference between the extehthetwo steps increases, the bigger the
coemulsifier concentration is, the smaller ratiobolund water can be measured. At high
(1.00% wi/w) concentration the two steps absolutiedgppear, so probably the polymer forms
a homogenous gel structure and there is no micrargeind the droplets. Furthermore, the
two peaks of the DTG curve are shifted with aneasing coemulsifier concentration. The
polymeric emulsifier is displaced from the intedaand will gelate, thus the first peak will be
shifted towards a higher temperature. At the same the water on the interface will also
evaporate from the system at a higher temperaflre.quantity of water bound in different
ways can be calculated from the step height offtBecurves. If the quantity of the micro gel
water on the interface is examined with respechéototal quantity of water with increasing

coemulsifier concentration, it can be stated thatamount of the micro gel water gradually
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decreases and finally disappears as a homogeneaus greated by the polymer in the

aqueous phase (Table 5).

0

- Table 5 Peaks of the DTG curves and the
~ amount of the micro gel water (PTR2 0.10%,
2 30 .
= oil 20%)
éc; -40
© 50 Coemulsifier 1st 2nd Micro gel

-60 conc. peak peak water

-70 (% wiw) °C °C (% wiw)

. Q02%_0.019\ 010%, 05 0% 0,001 108+4  131+2 36.846.0

90 0.01 11342 1384 24.043.0

% Temperature (T) 1%
. . + + +
Fig.22 TG curves of the emulsions at 0.10 113+l 14524 254x9.5
different S101 concentration (PTR2 0.10%  0.50 119+4  150+6 16.4+7.8
w/w, oil 20% w/w) 1.00 133+ 4

The relationship between microstructure and igppis illustrated well by Figure 23,
showing the relationship between the quantity otrmigel water and the rheological
constants (viscosity, storage modulus), which eaddscribed with a power function.

n=4.45¢%% (R*=0.980) (8)
G'=17.24¢>> (R°=0.851) (9)
wheren is the viscosity, G’ is the storage modulus amgltbe water content in the micro gel.
The small quantity of gel water detectable aroureddroplet indicates that the distribution of
the polymer is becoming more and more homogeneatigh means that the built-up

homogeneous gel structure increases the viscasitelasticity of the systems.
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Fig.23 Correlation
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storage modulus of the
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PTR1 and S101 at
I constant water oil ratio
h (PTR2 0.10%, oil 20%)

G' (Pa)
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Micro gel water (%,w/w)
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4.2.3 Microscopical investigations

4.2.3.1 Droplet size analysis

The average droplet size of the emulsions expoalgntdecreased with the emulsifier content
as it was expected (Fig.24). The phenomenon woale ibeen more remarkable unless the

improved elasticity of the samples had hinderecethelsification procedure.
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PTR1/PTR2 concentration (% w/w)

By increasing the oil concentration, maximum peinere on the curves (Fig.25). At
both polymeric emulsifiers a maximum average drogiee 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 emulsetrabout the same concentration of the two

phases.
— %07 ——PTRL
\% 40 4 = PTR2
(&)
B g Fig.25 Average droplet size as
#é; function of the oil concentration
E 201 (PTR1 or PTR2 0.10% w/w)
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With the use of coemulsifier the changes of theptlit size are not definite. At a low
coemulsifier content the droplet size oscillatetie Tinterface may still be changing in this
range; it is not a good ratio of the two emuls#i¢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 3d#Xlshown as the best one.
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Table 6 Average droplet size

Average droplet size (um)
PTR1 0.20% w/w, oil 20% w/w

Coemulsi- Concentration (% w/w)
fier 0.00 0.01 0.05 0.10 0.50 1.00
S31 17 15 12 16 13
S61 14 13 12 13 11 8
S62 16 12 13 11 7
S101 14 13 10 5 4
PTR2 0.20% w/w, 0il 20% w/w
Coemulsi- Concentration (% w/w)
fier 0.00 0.01 0.05 0.10 0.50 1.00
S31 33 18 19 17 20
S61 16 17 14 16 11 10
S62 21 19 17
S101 18 13 9 6

4.2.3.2 Confocal laser scanning microscopy

By using confocal laser scanning microscopy ematsican be visualized either by dyeing the
dispersed phase (perhaps continuous phase) oilizyngtfluorescent or fluorescent-labelled
surfactant. The application fields of confocal mggopy in the case of emulsions are very
different. In food industry the interaction betwdbe surfactant and proteins was investigated
[113, 114] or in a few cases the displacement dilsifiters from the water and oil interface
was studied [115, 116]. Some authors deal withdis&ibution of interdroplet forces in a
compressed emulsion system [117, 118]. In thisystile location of the polymer was
detected by this method. With the use of RhodaBinehich can be considered as a tertiary
amine, hydrogen bonding or electrostatic interactivay form between the carboxyl groups
of the polyacryl-acid and the fluorophore [119],tee dye concentration will be higher where
the polymer concentration is higher. Fig.26 showe wdifference between the dye
distributions of the different types of fluorophsre

Sodium fluoresce . O ° ‘ ® Rhodamine
A

COONa

Sodium fluorescein

) Rhodamine B k

Fig.26 Difference of the dye distribution of thelismn fluorescein and rhodamine B
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Pictures made with confocal microscopy are confarbg thermogravometric results.
In the case of a low concentration (Fig.27) a sltargour is dyed by rhodamine B around the
droplet, indicating a higher polymer concentratiamound that, while with higher

concentrations the dye has homogeneous distribution

0.10% PTH1

0.20%

0

0.40%
a

)
207 0.50%
0.80%

© 60 8 100 120 140 *60 180
Temperature (C)

=

Fig. 27 Correlation between the CLSM pictures amelDTG curves (oil 20% w/w)

4.3 Stability

For studying the stability of the gel emulsion, tp structure (hydration state, micro gel
structure) was examined on the one hand, and tlwsem structure (flocculation, creaming,
coalescence etc.) on the other hand.

In the case of the gel structure investigatione@poration rate and the amount of the

bound water were followed during a 3-month stortage.
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Several procedures have been applied to predicsttiglity of emulsions such as:
turbidity measurement (for predicting the floccidat sedimentation or creaming);
centrifugation (for the sedimentation or creaminggating and cooling cycles, droplet size
measurements (for coalescence) or rheology. In wrkwicroscopical droplet size analysis
and rheological methods were used and the parasnetere followed during a 3-month
storage time.

If flocculation occurs on storage (without Ostwaidening and/or coalescence) the
value of the initial viscositynp) and the yield valuecf) will increase. The presence of
Ostwald ripening and/or coalescence can compliteteanalysis of the results because both
of them can decrease those factorsylincreases while, shows some decrease, it is from a
flocculation occurring in an irregular way (prodogistrong and tight flocs). In my study
was calculated from the power law as it had beescrdeed previously andy was calculated
from the flow curve model on the basis of the Heetd@ulkley equation:

6 = oo +kD" (10)
where Kk is the flow coefficient and n is the HerdeBRulkley index.

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

Ec= ¥ Gy (11)
where G’ is the storage modulus angdis the critical strain value, which is the minimum
strain over which the structure breaks down. Thghdni E is, the more flocculated the
structure is. Edepends on the volume fraction and the droplet digtribution. In this type of
gel emulsions flocculation is the most expected@ss during storage.

Fig.28 shows clearly that the evaporation rated@greased during the storage time,
which can be described with a semi-empirical equati

v= Atk (12)
where A is the evaporation rate at t=0, t is the storage &ind k is the velocity constant.
e o omw S o - oamé
—&—0,40% —&—0,40%

- % - 0,50% - % - 0,50%
—e—0,80%

(mg/s)

Evaporation rate
(mg/s)
P
Evaporation rate

0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14
Storage time (week) Storage time (week)

Fig.28 Changing of the evaporation rate during sterage time (oil 20% w/w)
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Besides the hydration state of the emulsions,rathanges 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. So during storage the mictongde 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 watemdpthe storage time (PTR1 or PTR2
0.10% w/w)

The viscosity and vyield value changed parallelhe tourse of the rheological tests
(Fig.30, Fig.31). Only at a high polymer concentratdid they show some increasing, which
can probably be explained by the flocculation andioreased hydration (Fig.28). In the case
of a gel-emulsion it is not possible to separat dkl structure changes and the emulsion
breakdown processes from each other, so the ireclieathe viscosity and yield value may
have happened because of one or both of them. Howata high polymer concentration a
coherent gel structure is dominant instead of tierargel structure (as it had been shown in

the thermogravimetric investigation), so the chatiag the micro gel structure flocculates is
quite small.
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Fig.30 Changing of the viscosity during the storéigee (oil 20% w/w)
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Fig.31 Changing of the yield value during the stggaime (oil 20% w/w)

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

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

higher concentrationscEshowed some increases in the first weeks butla tiecrease after

the 4" week. This phenomenon cannot be explained byldcetflation, but can be by the gel

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

In the course of the image analysis there wereenwarkable changes in the average

droplet size of the emulsions during storage (RBp.3t means that coalescence had not

occurred during that time.
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Fig.33 Changing of the average droplet size dutimgstorage time at different polymer
concentration (oil 20% w/w)
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Emulsions with a very low polymeric emulsifier centration have mainly micro gel
structure (as it had been presented in the thesmogetric results). In these cases the change
of the viscosity and the yield value was differ@hig.34). It may suggest that special flocs

formed or coalescence and/or Ostwald ripening @edun the emulsions.
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Fig.34 Changing of the viscosity and the yield eaturing the storage time at different oil
concentration (PTR1 or PTR2 0.10% wi/w)

In the emulsions where the micro gel is domindrd,ibtegration of the polymer chain
is in process during storage. After preparatiorad pf the molecule integrated into the oil
droplets while the other part remained in the buliter linking the micro gels around the
droplets with each other. During storage the ladieg also integrated abolishing the linking
between the micro gels. As a result, the floccolatiate may decrease. This is why cohesive

energy also decreased (Fig.35).
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Fig.35 Changing of the cohesive energy during theage time at different oil concentration
(PTR1 or PTR2 0.10% w/w)
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The droplet size analysis indicated that onlydiitbalescence occurred in the PTR2
emulsions with higher oil concentration and in BiER1 ones with lower oil concentration,

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

4.4 Applicability

The further applicability of the emulsions was stddwith bioadhesive measurements and

drug release tests.

4.4.1 Bioadhesion

Over the last two decades attention has been fdcosemucoadhesive dosage forms as a
possibility to improve the residence time on a #pztregion of the body. One group of the
most widely used polymers is constituted by polgykates (and their derivatives or cross-
linked modifications).

In the literature some examples can be found whiggebioadhesive behaviour of
different types of dosage forms containing polyyacracid) type polymers has been reported,
mainly as components of hydrogels [120, 121] orletab[122, 123]. In the case of
poly(acrylic acid)s, the crosslinking density ofese polymers has been established to
influence interpenetration, because interpenetratioa larger polymer is more difficult than
that of a smaller one and the number of the funeliggroups which are able to form
bioadhesive bonds may decrease. Another importaotorf in the bioadhesivity of
poly(acrylic acid)s is the pH. Protonated and hialtacarboxylic groups are needed for the
interaction between mucin glycoproteins and aceglabut extreme swelling may decrease
their adhesivity. Therefore an ideal pH range hesnbdetermined at around pH= 4-6 or at
around the pK(a) of a certain type of poly(acryhcid) [124]. In the last few years

considerable interest has been shown in new-typengos such as thiolated polymers, which
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form covalent bonds with the mucin in contrast witle weak, non-covalent bonds of the
traditionally used polymers. In addition, they a influenced by the ionic strength or pH,
and beyond the latter they also have enzyme imhmilahd permeation enhancing effects.
Different type poly(acrylic acid)s-cysteine conjtegm were synthesised to improve the
bioadhesive property of the dosage form by covabemd with the cysteine of the mucin
glycoprotein [125-128].

By applying gel-emulsions, it is possible to inaongite a lipophilic active agent in a
hydrophilic dosage form easily, thereby avoiding ttehaviour of the lipophilic vehicle to
adhere slightly to the hydrophilic biological sw#a When Pemulens are used, the polymer
chains build up a special structure instead of @ticoous polymer network (Fig.5). When
compared with continuous polymer texture, this gpestructure can modify interpenetration

Fig.37 Interpenetration between gel-
emulsion containing polymeric emulsifier
and mucus

The bioadhesive behaviour of the emulsions wdsréifit depending on the different
polymerization-degree polymers used in the prejmara@s it can be observed in Fig 38.
When increasing the polymer concentration at lowues there were changes neither in
detachment force nor in adhesive work. In this eatige coherent polymer network has not
built up yet, as it had already been mentionediptsly. Above 0.2% w/w both detachment
force and adhesive work decreased with the amdutiteopolymer in the case of the higher
polymerization-degree polymer and increased inctise of the lower polymerization-degree
polymer.

PTR1 showed remarkable elasticity in the coursi@frheological measurements, which
suggested that these systems try to retain thépgiity instead of forming chemical or
physical bonds with the mucus. Contrarily, emulsieontaining PTR2 with lower elasticity

are more capable of forming bonds with the surface.
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Fig.38 Detachment force and adhesive work as fanaif the polymeric emulsifier
concentration (oil 20% w/w)

No significant change was observed in detachmergefavhen increasing the oll
concentration (our previous thermogravimetric measents had shown the presence of
micro gel in almost all these samples). There wabgat decrease in both detachment force
and adhesive work between the simple gel and eamuigtig.39), which suggests that the

added oil reduced the bioadhesivity of the samples.
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Fig.39 Detachment force and adhesive work as fanatf the oil concentration (PTR1 or
PTR2 0.10% w/w)

The shape of the curve of adhesive work was amail first to the one of detachment
force, but at higher oil concentration, in the ca$d®TR2, a considerable decrease of the
values was observed (Fig.39). In emulsions prepavéd PTR2, the damping factor
decreased with the increase of the oil concentrafiog.13), so the deformability of these
samples was stronger. Therefore the structure @fethulsion could be destroyed by the
downward force. The chemical bonds could build wp fphysical entanglement could not
develop. This explains why detachment force did e¢twnge, while adhesive work, which
depends on the interpenetration of poly(acrylidpachains into the mucus [123], decreased at
high oil concentration.
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When a coemulsifier was used, a decrease inlteta force and adhesive work was
observed, which is more expressed at a high S106¢eotration (Fig.40). The viscosity and
the elasticity of these samples were higher atgh lioemulsifier content (Fig. 14). On
increasing the amount of the coemulsifier, the andation of the polymeric emulsifier at the
interface was inhibited, so the coherent polymdwaegk was built up progressively. These
changes in the microstructure influenced the rigiodd and bioadhesive behaviour. Based on
the thermogravimetric and bioadhesive measuremgrdan be concluded that the coherent
polymer network can decrease the bioadhesivityhefdamples as compared to the ordered

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

As the dye concentration indicates the place of gbé/meric emulsifier, if the
polymeric emulsifier forms a bond with the mucitrustural changes will take place in the
samples, which will appear in the distribution loé dye.

At low polymer concentration, due to the interagstlmetween mucin and poly(acrylic-
acid), polymer agglomeration can be observed énpllstures. 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 can le®,sgo interaction arose with the total

polymer network (Fig.41).
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without mucin

without mucin
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without mucin

Fig.41 CLSM images of the simple emulsion (firétitm); and 10:1 (second column) and
5:1 (third column) emulsion-8.0% w/w mucin mixtuggem the first row to fifth row the
polymer concentrations are the following: 0.10;@®@.R2.40; 0.50 and 0.80% w/w)
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4.4.2 Drug release

In vitro dissolution has been known as an impor&etent in drug development. In the case
of topical administration, it is preferred to applypioadhesive dosage form, but in addition to
bioadhesivity, controlled drug release from theagdgs form is also desirable. As it was
established, the gel emulsions have a special ngekstructure. It suggests that not only the
components but also the gel structure can modiiyg delease.

No considerable difference could be observed usiater soluble Metronidazole.
Only a few alterations can be seen in Fig.42 betvike simple gels and the gel-emulsions.

Emulsion structure lowers the dissolution ratehia first hours. The micro gel structure may
have slowed drug release.
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Fig.42 Comparison of the Metronidazole release feamulsions 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),(6id).43B) or coemulsifier

(Fig.43C) concentration of the emulsions were cedngo difference was found in the
dissolution profile.
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Fig.43 Effect of the components on the Metronidarelease

When a Lidocaine base was dissolved in the oil @hth& components of the emulsion
affected drug release. With the increase of thgmet concentration it can be observed that
the rate of drug release and the amount of thasetbdrug increased (Fig.44). Three different
factors can have an effect on drug release, sutheagiscosity of the continuous phase, the
interface area (due to the droplet size), and phstie gel structure. Viscosity increases with
the polymer concentration, so if it had been thennaffecting agent, the decrease of the rate
would have been seen on the curves. In fact, itvedswhich suggests the other two factors
play a role in drug release. As it had been presepteviously, the average droplet size had
decreased with the polymer concentration, so ttezface area had increased. On the basis of
Fick's law, diffusion increases with the increasionfl the area, which accelerates the
Lidocaine diffusion from the oil phase to the wabiiase and provides quicker drug release.
This tendency can be observed in Fig. 44. The tfaaotior was the gel structure. At a low
emulsifier concentration (less than 0.40% w/w), iarangel layer forms around the droplets
that can hinder drug diffusion from the oil phase,the rate and the amount of the released

drug may decrease. Probably these two factorsrdigterthe drug release profile.
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With the change of the oil concentration threedextan influence the release profile,
such as viscosity, the oil-water ratio and gel trte (the droplet size had not changed
remarkably). If the oil concentration is higher toncentration gradient between the aqueous
and oily phase will decrease, which slows drugasde(because diffusion will slow down on
the basis of Fick’s law). On the other hand, th@anh of the micro gel increased with the oil
concentration (as it had already been shown intitbenogravimetric results), so the extent of
the gel layer increased, which hindered releasesé@ltwo latter phenomena and the increase
of viscosity (as it had been presented in the dggohl 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 mte&af layer can be expected. In
addition to this change, the decrease of the dr@ote and possibly the increase of viscosity
(but only at 1.00% wi/w!) can influence the releasefile. The droplet size continuously
decreased with the S101 concentration (Fig.46hsairicrease of the release must happen.
Contrarily, a minimum release rate can be obsente@.10% w/w coemulsifier (Fig.46). It
suggests that the change of the interfacial layer dn important role in this phenomenon.
0.10% w/w can be the best combination rate ofweedmulsifiers at which the distribution of

the Lidocaine between the two phases is the slowest
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5 SUMMARY

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 are a prolonged procedure;
Pemulens show a low surface activity, which suggtsit the presence of a coemulsifier
is also required to facilitate the emulsificatiorogedure These phenomena have to be
considered in the course of the emulsion preparatio

Gel-emulsions have viscoelastic properties, theymet, the oil and the coemulsifier
concentration have an influence on the rheologioaperties.

Gel-emulsionscontaining Pemulensform a special (micro gel) structure which can be
identified by thermogravimetric investigations aray confocal laser scanning
microscopy. The results of the two methods can depared and showed a good
correlation.

The stability of the emulsions can be divided itwo groups: change of i) macrostructure,
and ii) microstructure. Macrostructure means trapli#it size while microstructure means
the solvation of the polymer chain, the evaporatiate, the amount of the micro gel
water, the rheological properties. The macrostmecti the emulsions can be considered
quite stable while the microstructure changed omatiisly during 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 bioadhesoraracteristics. Comparing the
thermogravimetric end bioadhesive measurements;ait be concluded that i) the

emulsion containing mainly micro gel around the pliets shows a more remarkable
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bioadhesive force than the sample with a coherehgnger network; ii) there is no
difference between the bioadhesivity of the sampllesre 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 aHifjogdrug (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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Gél-emulzios rendszerek 1. rész
Fizikai kémiai jellemzés

SZUCS MARIA, BUDAI SZABOLCS, EROS ISTVAN

Szegedi Tidominyes yetem Gyogyazer-technoldginl Intézet, Szeved, Edtods u. 6. — 6720

Summary

Szdics, M, Budai, 5z, Erds, L: Gel-emulsion systems
I. Phrysical-chemical characterisation

Emulsion gels prepaved with polyacrylic acid—alkyl acrylate
diblock copolymer surfactanis were studied. It was supposed that
the polymer surfactants surrounding the oil droplets formed a
microgel structure and this structure stabilized the emulsions
sterically. This assumption was verified by thermioanalytic inves-
Hgation. The effect of polymer concentration and the amonnt of
oil on the meological characteristics, the rate of water evaporation
and droplet size distribution was aualysed. It was established that
gel emulsions had viscoelastic the properties, the viscosity in-
crensed exponentially with increasing emulsifier concentration
and amount of oil. Water uns present in two forms: i) in microgel
surrounding oil dropletsand i) in dispersion medinwm. The distri-
bution of droplet size was generally @ monodisperse one, the
avernge d roplet size decrensed with polymer concentration,

Chsszefoglalis

A szerndk poliakrilsav-alkcil-akrild diblokk polimerckiel eldallivott
emulzids géleket lanulvdnyoziak. Feltételeztdl, hogy a polimer
emintlgensek az olacseppek kiviil elhelyezkedre mikrogélt képeznek
és e mikrogel sztérikusan stabilizdlia az emulzidkat. Ezt a feltéte-
lezést termoanalitikal vizsgdlatokkal igazoltdk, A polimer mennyi-
sépének és az emulgadls olaf timényséednek hatdsit vizspdltdk
a recldgial fellemzdlre, a viz kotésmadiara, a paroledsi sehességre
és a cseppnidret eloszlasra, Megdllapiottak, hogy a gl emulzick
viszkoclasztikus rendszerek, az emulgens koncentricidiioal és az
emulgedlt olaj mennyisépével exponencidlisan ndtt a viszkozitis.
A vz kEtfele formiban van jelen: az olajeseppek kariili mikrogélben
és qz emlziok diszperzids Kizegében. A cseppmével-closzlis dltald-
ban monediszperz, az dtlagos cseppméret a polimer mennyiségének
nivelésdnel csdkken.

Bevezetes

Az emulziokat, mint hatéanyag-hordozo rend-
szereket, mar a 17. szdzad ota ismerik és alkal-
mazzak Tudomanyos vizsgdlatuk Graham és Gibbs
munkassiagaval kezdddott, majd szamos mas kollo-
idkémikus eredmeényei alapjan valtak széles kirben
elterjedté a gyogyszerészetben, a vegyiparban, az
élelmiszeriparban €s a mindennapi életben [1].

A 20. szazad masodik leletdl kezdve a gyogy-
szer-technologiai kutatasok egyik iranyvonala, ]
gvogyszerhordozo rendszerek keresése, fejlesztése,
programozott hatéanvag-leadas celjabol [2]. Ennek
eredmenyeképpen az emulziok ismét elStérbe
helyezbdtek, mivel kiilsé fazisuk viszkozitasat
valtoztatva a hatdanyag-leadas szabalyozhato. Ez
és meg szamos elGnyis tulajdonsdguk szol amellett,
hogy még ma is korszeri gyogyszerhordozo-
rendszereknek tekinthetdk ezek a sajatos diszperz
rendszerek.

Az emulzidk gyogyszer-technoldgiai kutatasa-
nak napjainkban harom alapvetd iranyvonala van:
— tij emulzids gyogvszerhordozo rendszerek ki-

dolgozasa [3-6],

— az emulziok reoldgiai jellegének és szerkezeti

stabilitisanak kutatdsa korszerd modszerekkel

és készilekekkel [7, 8],

- az emulzick gyogyszerleaddsanak behato és

részletes tanulmanyozasa [9, 10].

Kisérletes munkank az elsd és a masodik kutata-
si irdnyvonalhoz csatlakozva egy 4j gyvogyszer-
leadd rendszer, a gél-emulriok szerkezetének, fizi-
kai kémiai sajatsigainak &s stabilitasanak megisme-
résere iranvult,

A gél-emulziok elGallitasira az alabbi modsze-
rek alkalmazhatok:

— az emulzio vizfazisinak gelesitése vizoldekony
polimerekkel,

— azemulzio olajfazisanak gélesitose,

— a ket fazis hatarfeliiletén polimer veddreteg lét-
rehozasa in sifu polimerizacioval,

— azolaj- és vizfazis hatarfeliiletén mikrogel kiala-
kitasa polimer emulgenssel,

Kisérletes munkiank soran ez utdbbi modszert
alkalmaztuk.

A polimer emulgenseknek alapvetden két 6
csoportja van:

1. Blokk polimerek, amelyek lehetnek di- vagy tri-

blokkok, ill.

2, Graft polimerek.
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A polimerek blokkjai eltérd oldékonysagiak,
ezaltal az olaj/viz hatarfeliileten fognak feldtsulni.
Stabilizalo hatasuk kisebb részben a feltileti feszdilt-
ség csikkentéssel, nagyobb részben a sztérikus
gatlassal magyarazhato.

Az altalunk hasznailt polimer emulgens a Pemu-
len TE1 és a TR2 volt, melvek poliakrilsav-alkil-
akrilat diblekk polimerek. (Eldallité: Lubrizol
Corp., USA). A két emulgens polimerizacics fokuk-
ban kiilinbozik egymastol, a Pemulen TR2 kisebb,
a Pemulen TR1 nagyobb polimerizacios fokd. Al-
kalmasak o/v tipusu emulziok elGallitasara, mivel
riwid lipofil karakterd resziik az olajcseppbe integ-
rilodik, mig hosszabb hidrofil karakterii résziik
a vizes fazisban gélt képez kizvetleniil az olajcsepp
kidriil. A rendszerben sajatos kettds gélrendszer jon
[étre: a hatarfeliilet orientacio miatt a polimer kon-
centracioja az olajcsepp koriil nagyobb lesz, ez al-
kotja az un. mikrogélt, az emulzid kialsd vizes
fazisat gélesiti a feleslegben alkalmazott polimer.
(1. s 2. dbra)

Vizsgdlataink célja a kdvetkezd volt: részletesen
tanulmanvozni kivantuk a polimer emulgensekbdl
készitett gélek és emulziok képzidését,

— kutattuk a rendszerek szerkezetét, reclogiai tu-
lajdonsagait,

— tanulmanyoztuk a viz kitddési mechanizmu-
sait,

— ezek alapjin megfelels hatbanyag-hordozo rend-
szereket szandekoztunk kidolgozni.

Anyagok és madszerek
Anyagok

Polimer emulgenskeént a Pemulen TR1 és TR2-t
alkalmaztuk. Vizfazisként a gyogyszerkdnyvi tiszt-

H H H H
|| ||
C o C o C
g i
!'I'U/ \0 n ﬂj \Dﬂlﬂwﬂﬂ m

1. @bra: A Perniden TR és Pemulen TR2
szerkezeti kénlete

2. dbra: A polimer emulgensaket fartalmazd emulziok
teoretikus modellje

itott vizet (Aqua purificata, Ph. Hg. VIIL), olajfazis-
ként Miglyol 812-t (Sasol GmbH, Neémetorszig)
hasznaltuk. Semlegesitd komponens trolamin (I'h.
Hg, VIIL} volt.

A mintik elbdllitdsa

Elészir alapgélt készitettiink, melynek polimer-
tartalma 1,0% volt. A viz teljes mennyiségében 24
ordn keresztiil duzzasztottuk a polimert, majd hoz-
zdadtuk a semlegesité komponenst olyan mennyi-
ségben, hogy a pH 5,0-5,5 kizott legyen. A tovdb-
biakban az alapgélbdl készitettiink megfeleld higi-
tasokat es a gél-emulzios mintakat. A gél-emulziok
eldallitisa soran gélekben emulgedltuk az olajat kis
részletekben. A mintak pH-jat tivegelektrod segit-
ségével hatdroztuk meg,

Vizsgdlati modszerck

Felitleti fesziiltség mérése

A méreseket Kriiss-féle tenziométerrel végeztiik
Higitasi sort készitettiink 0,00005%: &s 0,25% kozdtt.
A levegd/ polimer-cldat kizitti hatarfeliilet stabili-
zdloddsa miatt 5 perc varakozds utan vegeztitk el a
mérest. Minden koncentracio esetében 3 parhuza-
mos meghatarozdst vegeztiink.

Polimerek vizfelvételének mérése

A méréseket Enslin késziilékkel végeztiik. A ké-
sziilék G2-es tivegsziirGjere szdrdpapirt helveztiink
hézagmentesen, majd 0,10 g polimert rétegeztink
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ra. A sztirdvel egy szintben, vizszintesen elhelyezett
pipettarcl olvastuk le a polimer emulgens altal
adott id& alatt felszivott viz mennyiségét ml-ben.
A leolvasast 10 percig végeztilk és 3 parhuzamos
merest kbzépertekeltiink.

Nedvesedési peremszig meghatdrozdsa

Avizsgalatok a cseppszétteriilés meresen alapu-
16 Dataphysics OCA késziilék segitségével tortén-
tek. A polimerekbil 0,20 g-os probatesteket présel-
tiink (10 masodpercig 5 tonna nvomassal), melveket
24 ordra exszikkdtorba helyeztiink. Ezt kivetSen
hataroztuk meg a nedvesedési peremsziget desztil-
lilt vizzel es Miglyol 812-vel.

Reoldgiai vizsgilatok

A reclogiai méréseket HAAKE RheoStress 1
(HAAKE GmbH, Németorszag) kap-lap geomet-
riajt késziilekkel végeztiik 25 "C-on. Szabalyozott
nyirasi sebesség-gradiens mellett felvettiik a min-
tak folyas- és viszkozitas-girbeéjet (a felszallo agat
0,1 s'—tal 100 s'-ig, a leszallo agat 100 s'-¢61 0,1 s
intervallumban hatiroztuk meg). Az oszcillacios
merések folvamdn meghatdroziuk a mintak linedaris
viszkoelaszticitasi tartomanyat (a nyirofesziiltséget
0,1 és 100 Pa koziott valtoztattuk). E tartomdnyeon
beliil valasztottunk egy nyirofesziiltség értéket és
ezen érteken hataroztuk meg az emulzidk és gélek
tarolasi és vesztesegi moduluszat a frekvencia figg-
vénveben (0,1 és 100 Hz kdzétt). Minden esetben 3
parhuzamos mérést kizépértékeltiink

Termoanalitikai mérések

A termoanalitiakai meréseket Derivatograph C
(MOM, Magvarorszag) késziilékkel végeztiik. 50
mg mintat mértiink platina tégelybe. A mintakat 25-
Gl 200 "C-ig [Gtottik 5 °C/ perc sebességgel, és fol-
vettiik a TG (tdmegesikkenés az idé figgvényében)
és dTG (TG iddszerinti derivaltja) gorbéket. A TG
girbek kozel linedris szakaszara egyenest illesz-
tettiink, melynek meredeksegébdl kivetkeztettiink
a viz parolgdsi sebességére a mintdkbal. A viz ki-
tGdési mechanizmusanak meghatarozasara 10 °C/
perc fitési sebességet hasznaltunk.

Cseppméret-analizis

A cseppmeéret-analizist Leica képanalizatorral
végeztiik. 500 csepp atmérdjét meértilk meg és Leica
Q500MC Qwin V01.02 szoftver segitségével érte-
keltilk az eredményt.

Kisérleteink rendjét a 3. dbrin szemléltetjiik.

Polimerek nedvesedése

: Polimerek duzzadasn [~
Preformulicid

A pH hatdsa s gélek  [=|
visrkozitiadm

A pélek olajteiveéele

¥ Reologhu vizsgalutolk. [

Formulilis,
eltdllitis

Cseppméret analizis

A viz kiftldése

3. ibra: A polimer emulgensek vizsyilatinak rendje

Eredmenyek és ertéekelés
Preformulicids vizsgilatok

A preformulacits vizsgalatok sordn megallapi-
tottuk, hogy a polimer emulgensek csekély feliileti
fesziiltség csdkkentd hatassal rendelkeznek. A viz
72 mN/m felileti fesziiltségéhez képesti 50-60
mM/m kdzitti érték nem mondhato jelentds csdk-
kenésnek. A feliileti fesziiltség—koncentracio dssze-
figgést vizsgalva mindkét emulgens esetében mini-
mumon dtmend fliggvenyt kaptunk, a minimum
helve 0,01% koncentracio kiriil volt (ez tekinthets
a feliiletaktiv polimer kritikus micellakepzodesi
koncentracidjanak). A két emulgens feliiletaktiv
jellege nem tért el jelentGsen egymaistol, tehdt a
polimerizdcios fok nem befolyasolta a feliileti fe-
sziiltség csokkentd hatast. (4. dbra)

A polimerek viszonylag rosszul nedvesedtek
vizzel (©=81-82"), mig olajjal sokkal jobb nedve-
sedést mértiink (©=26-27"). A két kiilonbdzd poli-
merizicios fokd polimer ebben az esetben is hason-
6 értékeket mutatott, tehit a polimerizacios fok
nem befolyasolta a polimerek nedvesedését sem.
(1. tabldzat)

1. #ibldizat
A polimerek nedvesedés peremszdoe vizzel &5 olajjal

Nedvesedési peromszig, @ (£ SD, n=7)

FTE1 FTRZ2
TizztitoH viz w17 5,87 et + 14
Miglyol 812 279 £ 0 88 e B+ 040
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n=3

—i— PTR1
—o— PTR2

Fellleti fesziiltség (mN'm)
8 8 5§ 8 B 3

=]

L=

0,00001 0.0001 0,007 0. 0.1 1

PTR1/PTR2 koncentracio (%)

4. ibra: A polimer emulgensek feliileti fesziiltséeének viltozisa a polimer-tartalommal

PTRI ——PTR10.1%
=0 —a—PTR1 0,2%
00 (P o —a— PTR1 0,5%

7 /f" N —e—PTR1 1,0%
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5. idbra: A polimerek vizfelvételének Ssszehasonlitisa a hidroxi-etilcellilozzal

Enslin keésziileékkel vizsgal-
va a polimerek duzzadasat,
azt a kovetkeztetést vontuk
le, hogy a duzzadas lassa és
elhizodo folyamat. Ossze-
hasonlitva a széles kirben al-
kalmazott hidroxi-etil-cellu-
lozzal (HEC), jelentésen el-
maradnak ez utobbi Enslin-
értékétsl (5. dbra).

A polimerek hidratacidja
és ez altal a hidrogélek visz-
kozitdsa altalaban pH fiiggd
jelenseg. Kiilonbdzd koncent-
racioju polimer emulgenshdl
képzddott hidrogél viszkozi-
tasat vizsgaltuk a pH figg-
vényeében. A pH-t trolamin
hozzaadasaval valtoztattuk
és pH-mérd tivegelektrod se-
gitsegével mértiik. Az ered-
meénvek alapjan elmondhato,
hogy a viszkozitds csak nagy
polimer-koncentrdcional
mutat jelentés pH-fliggést
(1,00%) mindket polimeriza-
cios foka emulgensnél. 1,0%-
nal kisebb koncentracidban
nem befolyisolta a kémhatis
a gelek viszkozitasat. A tovab-
bi vizsgalatokhoz 5,5 pH-ju
geleket és emulzickat allitot-
tunk el&. (6. dbra)

A hidrogélek olajfelvéte-
lét a kivvetkezdképpen hata-
roztuk meg. A kildonbdzd
kencentraciojua  hidrogélek-
hez biirettabol cseppenkeént
adtuk hozzd a semleges ola-
jat mindaddig, mig a rend-
szer szétvilt. A fogyott olaj
térfogatat tbmegre atszamol-
tuk, majd kiszamoltuk az
emulzidk pontos szazalékos
tsszetetelét. Megdllapitottuk,
hogv a nagyobb polimeriza-
cios fokd emulgenssel 80%:-
os olajrartalmi emulziok is
eldallithatoak, mig a kisebb
polimerizacios foku csak 50-
60%-0s olajfelvételt eredmé-
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Enslin szam (ml/g)
(#e] -9
[

segevel, tehat a hatdhatassal.

n=d Amennyiben vizoldékony ha-

toanyag hordozdja a ketiéle

modon kidtitt vizet tartal-

mazd rendszer, modosul a

hatbanyag eloszlasa és ezdl-

+ PTHI tal a gvogyszer felszabadu-
- PTR2 las kineﬁiké}ial.

+ HEC A 8. abran j6l lathato a po-

limert ugyanolyan mennyi-
& ségben tartalmazo Pemulen

ido (s)

6. dbra: A polimer emulgensekbdl képzett wélek viszhozitisinak filggése a pH-t0l

hidrogél és a gél-emulzio
vizkitése kbzotti kiillonbség.
A hidrogél esetében egy lép-
csdben tavozik a viz teljes
mennyisége, egyszert lefu-

nyezett. Abban az esetben, ha az olajat nem csep-
penként, hanem csak apro részletekben adagoltuk,
E0% felett olajtartalmi stabil rendszereket nem
sikeriilt elGallitani. (7. abra)

Termoanalitikai vizsgdlatok

Feltételezésiink szerint a polimer emulgens
amfifil sajatsaga folvtin a hatarrétegben nagyobb
koncentracicban lesz jelen, mint a fazisok belseje-
ben. Ennek kivetkezmeénye, hogy egy koncentral-
tabb ,mikrogél” alakul ki kézvetleniil a cseppek
kiriil. A cseppektdl tavolabbi helvek polimerben
szegényebbek lesznek. Ha a feltételezeésiink igaz, az
emulzidk dsszefiiggd kilsd vizfazisiban kétféle
modon kititt vizet kell talalnunk:

1. A cseppek kiriili polime-

tisti a TG girbe valamint
a dTG gorbe is egy csticsot mutat. Ezzel szemben
a gél-emulziok esetében két lépesd killdonil el a TG
giirben es a dTG girbeén is ket éles cstics jelentkezik
Ez alitamasztja azon feltételezésiinket, miszerint a
gel-emulziokban jelen van szabad vizfazis (a csep-
pektdl tavolabbi teriileteken), amit a dTG gorbe
elsd cstcsa jelez 110 "C kiriil, valamint jelen van
kitdtt viz (a cseppek kirnyeki mikrogélhez kitve),
amit a dTG gérbe masodik csucsa reprezental 140
"C-nal. Ezzel szemben a hidrogéleknél ez a differen-
cidltsag nem figyelhetd meg,

Osszehasonlitva a gél-emulziok és az olajat nem
tartalmazo gelek parolgdsi sebességet, a virtnak
megfelelden a gélekbdl a viz parolgasa sokkal erd-
teljesebb volt. E jelenség tébbek kizdtt azzal is ma-
gyarazhato, hogy melegités hatasara az olaj kivalik

rek altal kitdtt vizet (geél-

vizet);

2. A cseppektdl tavolabbi
teriileteken léva, a poli-
merhez nem kititt vize
(tltS vizet).

A félszilard krémrendsze-
rekben jelenlévd viz kitott-
segevel sok szerzd foglal-
kozott [-17]. Ezek részletes
tanulmdnyozasa tobb szem-
pontbal is fontos, mivel der-
matologiai készitménvekkel 0
kapcsolatban tsszefiiggéshe
hozhatG a hidratale képes-
seggel, valamint a rendsze-

Olajkoncentracid (%)

0.1 0.2 03 0.4 0.5

7. dbra: A polimer emulgenst tarfalmazs gélek olajfelvétele

PTR1/TR2 koncentracio (%)

rekbdl a viz parolgdsi sebes-
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a0 20 manyban elasztikus jellegiik
1 R van, tehat mind az elaszti-

i} aciilris] 1o kus, mind a viszkozus jelleg
megtalalhato. Ezt az elaszri-

-20 5 kus jelleget kvantitativan az

E 0 oszcillicios reoméeterek ke-
(L] k. 5 E pesek meghatarozni. A ké-
v 50 10 Q| szilék fejének folyamatos
15 oszcillald mozgdsaval a min-

-a0 tara iddében szinuszosan val-

= tozo nyirddramot adunk, 1

-100 25 amplitidoval, és detektiljuk

0 50 100 150 200 250 a rendszerben ébredé defor-
Hémérséklet (T) macios fesziiltséget, ennek

8. dbra: Az emilzick & gélek vizkitése kizotii killonbségek

amplitiddja yg. A minta altal
adott valasz szintén szinu-

a rendszerbdl és a minta te-
tején Gsszefiiged olajréteget
alkot, ami a késdbbiek folya-
man akadalyozni fogja a viz
parolgdsat. A 9. dbrin jol lat-
hato, hogy a parolgasi sebes-
ség a polimer mennyisegevel
folyamatosan csiikken, tehit
a viz nagyvobb mértékben
hidrat burck formajaban van
jelen. Ez alol kiveételnek ti-
nik a PTR1-et tartalmazo hid-
rogel-sorozat, itt a parolgasi
sebesség allando, nem valto-
zik a polimer koncentracio
figgvenyeben. Ezekben a
rendszerekben valoszintleg
a polimer tartalmat nivelve
nem a viz-polimer kilesdn-
hatas ndvekszik, hanem a
polimer lancok kozidtti kdl-
csonhatasok lesznek intenzi-
vebbek. Ezzel szemben, ha
emulzids rendszerekben al-
kalmazzuk a PTE1-et, a pa-
rolgasi sebesseg csikkenést
mutat a polimer mennyisé-
gének novekedésével.

Reoldgiai vizsgdlatok
Régota ismert, hogy amak-

romolekulas térhdloknak bi-
Zzonyos nyirofesziiltség tarto-

Pérolgas sebesség (mg/s)

Pirolgasl sebesség (mo/s)

1.8
1.6
1.4
1.2

0.8
0.6
0.4
0,2

& gel

Jemuzic

0,2 0.4 0,6 0.8 1 1,2
PTR1 koncentracio (%)

* & gdl

Camulzid

na 0.4 0,6 0.8 1 1.2
PTR2 koncentracio (%)

9. dabra: A polimier emulgenseket tartalmazd emulzick és
gélek viztartalminak parolgasi sebessége
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szos jellegli lesz, de a ket
hullam kozott dltalaban fa-
ziskésés (8) lép fel. Idealisan
rugalmas testek esetében ez
0", idedlis viszkozusoknal 907,
redlis rendszerek faziskésése
0" és 90" kozitt erték. A ket
hullam amplitido aranyabol
és faziskésésébdl szarmaztat-
hatjuk a reologiai jellemzd-
ket [15].

A tdrolasi modulusz (G)
a rendszer elasztikussagat je-
lenti:

G'=tp/yptcos (&), [Pa] (1)

A veszteségi modulusz
(") a rendszer viszkozus
jelleget mutatja meg:

G"=tg/yp *sin(d); [Pa]  (2)

A gél-emulzick és az ola-
jat nem tartalmazo gélek reo-
légiai tulajdonsagait dssze-
vetve megdllapithato, hogy
az azonoes polimer tartalmua
emulzios és hidrogél rend-
szerek viszkozitas értékei ki-
20tk nincs jelentds killonbsog
csak viszonylag nagy (1,00%
kiriili) polimer tartalomnal
(10. dbra). A rendszerek visz-
kozitasa és a polimer tartalom
kidzitt exponencidlis Ossze-
fliggest tapasztalhatunk (11.
idbra):

n=ng “exp(m=c) (3)

ahol
¢ = polimer kencentracio,
1y = 0 polimer-koncentraci-
ora extrapolilt viszkozitas
m = a fliggvény allanddja, egy-
segnyl koncentrdcid-niveles-
hez tartozo viszkozitas-nive-
kedés.

Hasonlo dsszefliggessel jel-
lemezhetd a viszkozitds val-

1000 egél
CrEmulzc
N
a4 100
=
g
] 10
>
1
0 02 0.4 0.6 08 1 1.2
PTR1 koncentracid (%)
100
w
‘m
a
w
% 10
g
=
1
o 02 04 06 08 1 1,2
PTR2 koncentracio (%)
10, dbra: A polimer emuilgenst tartalmazo emulzick &
pélek viszhozitdsdnak valtozdza a polimer koncentriciajioal
100
& PTR1
o PTR2

Viszkozitas (Pa’s)
o

gy -
e Sl =1
L
= = i
4
5] 10 20 30 40 50 &0
Olajkoncentracio (%)

11. dbra: A polimer emulgenst tartalmazo emlzick viszhozitisinak viltozdsa az
olafkoncentricidoal (polimer emulgens koncentricis 0,10%)
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0,45 tozasa az olajkoncentracio
® liggvényében. Ebben az
0.4 esetben 1 a 0 elajkoncent-
0iak + el raciora extrapolilt viszkozi-
0.3 Cremulzid tdst jelenti.
w 0,25 Meghataroztuk a rend-
8 o2 szerek veszteségi tangensét
0,15 (tand) (I=1Hz értéknél) a po-
limer tartalom figgvénye-
0.1 : o
ben (12. dbra). A veszteségi
0,0% tangens az aldabbi egyenlet
0 alapjan szamolhato ki:
0 02 0.4 0.6 0.8 1 1.2
PTR1 koncentrécio (55 tand = G" /G’ (4
ahol
08 4" = veszteségi modulusz,
G’ = tarolasi modulusz,
0,5 + Abban az esetben, ha ez
az érték 1-nél kisebb, a min-
0.4 tiban az elasztikus jelleg
" 0.3 domindl, és minél kisebb ér-
2 téket vesz fel, annal jellem-
0.2 zobb az elaszticitas. Az db-
rakon jol lathatd, hogy kis
0 polimer tartalomnal az emul-
0 ziok mutatnak erdteljesebb
0 02 0,4 0.6 0,8 1 12 elasztikus jelleget, mig nagy

PTR2 koncentracio (%)

12, fbra: A polimer emulgenst tartalmazd emulziok éz gélek veszteségi tangensének
wiltozisa a polimer koncentricidjaoal lemilzick olajtartalma 20%)

0.6

0,5 - o

— v —

0.4

o2 v % &

.1

¢} 10 20 30 40 Aiy 60
Olajkoncentracio (%9

13. dbra; A polineer emulgenst tartalmaze emulzick veszleségi tangensének
viltozdsa az olafkoncentricidral (polimer tartalom 0,1%)

koncentracioknal a gelek.
Emulziok esetében a viz
mennyisége relative keve-
sebb a diszpergalt olaj miatt,
ennek kovetkeztében sokkal
tobb kdlestinhatas tud ki-
alakulni a polimer lancok
kézott, mint amennyit a po-
limer létre tud hozni relative
nagyebb mennyisegli vizes
fazisban. Nagyobb polimer
tartalomnal viszont a na-
gyvobb térfogati vizfazis mar
nem ckoz ilven jellegii kii-
lonbséget, viszont a diszperz
tazis jelenléte miatt az emul-
zios rendszerek elaszticitasa
kisebb lesz, mint az ugvan-
olvan polimer-koncentraci-
oju gelek elaszticitasa. Az a
polimer-koncentracio, amely
felett a gélek mar nagyobb
elaszticitdssal rendelkeznek
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mint az emulzick, a PTR1
esetében  kisebb polimer-
koncentracionak felel meg,
mint a PTR2 esetében. Ennek
oka, hogy a PTR1 nagyobb
polimerizacios foka polimer,
igy a polimer lancok kozitt
mar kisebb koncentracioban
is jelentds mennyiségi kites
tud kialakulni, szemben a
kisebb polimerizacios foku
emulgenssel, Novelve az
emulziok olajkoncentracidjat,
'TR1 esetében a vesztesegi
tangens csekély cstkkenést,
mig a PTR2-t tartalmazd min-
tiknal kismértékd noveke-
dést mutat, tehat a PTRI1
tartalmu mintak elaszticitasa
fokozodik az olajkoncentra-
cioval, mig a PTR2-t tartal-
mazikeé csdkken (13, dbra)

PTR1

Rel. gyakorisdg (%)
23888824

-
= =

Cseppméret-analizis

Ral. gyakorisag (%)

Az emulziok cseppméret-
eloszldsa jelentisen fiigg a
polimer emulgens koncent-
raciojatol és az emulgedilt olaj
mennyiségétdl. Novelvea po-
limerkoncentraciot, az elosz-
lasi giorbe a kisebb cseppek
iranyaba tolodik, és egyre in-
kibb monodiszperz jelleget

Cseppméret (pm) -

14, dbra: A kiilonbizd polimer-tartalmil emulzick csepprmiéret

eloszlisa (olafkoncentricid 20%)

mutat (14 dbra). Novelve az
olajkoncentraciot az eloszlasi gorbe egyre szélesebb
lesz, egyre inkabb heterodiszperz eloszlasi rend-
szereket Kapunk, majd 30% feletti koncentracional
a gorbe ismet éles cstcsot ad, tehat egyre inkabb
homogen eloszlasdak lesznek az emulzick (15,
dbra). Az dtlagos cseppmeéret, mint az eloszlasi gor-
bék alapjan varhatd volt, exponencidlisan cstkken
a polimer emulgens nivekedesével, mig nivekvi
olajkoncentracid mellett a cseppmeéret kezdetben
nd, maximum értéket vesz fel 30%-nal majd isme-
telten csdkken (16-17. dbwa).

Megbeszelés

Az elvegzett preformulalasi vizsgalatok alapjan
megallapitottuk a kivetkezGket:

1. APemulen TR1 és TR2 polimer emulgensek sta-
bilizalo hatasukat sztérikus gatlassal fejtik ki,
azaz az olaj tazist mechanikailag tartjak zarva,
feliileti fesziiltség csokkentd hatasuk nem je-
lentds,

2. A polimerek vizzel rosszul nedvesednek.

Dresztilldlt viz hatdsira mindkét polimer igen

lassan duzzadt, €s a megkiotott viz mennvisege

jellemzten kevesebb volt, mint a hidroxi-etil cel-
lulozé.

4. APemulen TE] polimer képes volt 50%.-nvi olaj
stabilizdlasdra is, a Pemulen TR2 emulgens pe-
dig alkalmasnak bizonyult 70%-0s olajmennyi-
seg emulgealasara.

A termoanalitikai vizsgalatok alapjan elmond-
hatjuk, hegy a gel-emulziok a hagyomanyos gél-

7% ]
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szerkezettdl jelentbsen eltér-
nek, kimutattunk mikrogél-
hez kitdtt vizet és szabad
vizet. Megidllapitottuk azt is,
hogy a nagyvobb polimer tar-
talom novelte a viz Kotott-
seéget, ami a kisebb parelgasi
sebességben nyilvanult meg.

A reologiai mérések alap-
jan tisztaztuk, hogy a rend-
szerek viszkozitasa és a po-
limer- valamint olajtartalom
kozdtt exponencialis dssze-
tigges all fenn. Az oszcilla-
cids merdsekbdl  kideriilt,
hogy kis polimer tartalomnal
az ugyanolyan polimer tar-
talmu gél-emulzicknak erd-
teljesebb elasztikus jellegiik
van mint a hidrogéleknek,
nagyoebb koncentriciok ese-
tén ez a killonbség nem all
fenn, a hidrogélek elasztikus
jellege vilik nagyobbad.

A gél-emulzick cseppma-
rete exponencialisan csokkent
a polimer emulgens mennyi-
ségével, az eloszlasi fligg-
vény pedig egyre inkabb
balra, a kis cseppek tartoma-
nya felé tolodott. Az olajtar-
talmat valtoztatva, maxima-
lis volt az dtlagos cseppméret
30o-0s olajtartalomnal, ugyan-
akkor az eloszlasi fliggvény

PTR1

1
Ll

Rel. gyakorisag (

Rel. gyakorisag (%)

49

30

20

10

Csappméarat (mikrométer)

Cseppméret (um)

15. dbra: A kiilsnbizs olajtartalmai emulzick cseppmiéret eloszlisa
(polimer emulens koncentricidja 0,10%)

100

8 8 8 8

=]

o 0,2 0.4

0.6
PTR1/PTR2 koncentricid (%)

& PTRA1
a PTHR2

0.8 1

16. dbra: Az atlagos cseppmeéret viltozisa a polimer emeulgens koncentracidjioal
{olajkoncentriacio 20%)

is itt mutatott leginkabb po-
lidiszperz jelleget.

A komplex fizikai kémiai
vizsgilatok alapjan megdlla-
pithatjuk, hogy a polimer
emulgenst tartalmazo rend-
szerek szerkezete Osszetett.
Az emulgens mennyiségé-
nek valtortatdsa jelentds
mértékben kihat a rendsze-
rek reclogiai tulajdonsagaira,
mivel nemcsak a cseppméret
és a hatirfeliilet valtozasara
kell szamitanunk, hanem po-
limer hatdsara a kiilsd fazis
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17. dbra: Az dtlagos cseppméret viltozdsa az olaf koncentricidiioal

{polimer emsulyens koncentricidia 0,10%)
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Geél-emulzios rendszerek 11. rész
Stabilitas

BUDAI 5ZABOLCS, SZUCS MARIA, EROS ISTVAN

Szegedi Tudomianyegyetem Gyoryszertechmoldgial Intézet, Szeged, Edtods w. 6.— 6720

Summary

Budai, Sz, Szidics, M, Erds, L: Gel-emulsion systems.
II. Stability

Viscosity, elastic character of gel emulsions containing pelymeric
enmidsifiers and change of droplet size distribution under stonge
were studied, The quantitative change of free (non-bound) water
and immobilized one in micragel form, and that of the evaporation
rate under storage were examined. The phenomena were divided
info two groups: change of i) macrosfructure, and 1i) microstruc-
trre. [Fwas determined that macrosiruchure (eg. average droplet
size) was stable, it did not change during the 3 mongh storage pe-
riod. O the other hand, the microstructure (eg. viscosity, elastic
character, solvatation of polymer chains, immebilized water in mi-
crogel, vate of water eveporation) were characteristically changed
during storage. These processes could be wlated to the sustained
Idration of polymer chains.

Osszefoglalis

A szerzl polimer emulgenseket tovkalminzd gdl emulzidk viszko-
zitdsanak, elasztikus fellegdnek wiltozisait, valanint a cseppméret
eloszlishan bekdvetkezd wiltozdsokat vizsedl ik az eltarids filog-
wényeben, Meghatdroztdk a szabad és a mikrogélben kit viz
mennyiséyl wiltozdsit és a wirolyds! sebessée vdlkozast a tarolas
soran. A jelensépeket két csoportra osztoftal: a makroszerkezet &
@ mikroszerkezet viltozisaira. Megallapitottak, hogy a gél emul-
zidk makroszerkezete (pl, az dtlagos cseppméret) stabil, nem vilto-
zik 3 hdnapos tdvolds alatt. Ezzel szemben a mikroszerbezet
(wiszhozitis, elasztikus jelleg, a polimer szolvatdcidia, a mikrogdl-
ben Kttt viz mennyisége s a viz parolgasi sebessége jellemzden
wiltozik az eltartis folwsain. E wiltozdsckat a polimer ellizddo
hidratdcidjdoal hozkik dsszefiigedsle,

Bevezetés

A gvigyszerészetben hasznalatos emulziok kutata-

saban kiilonds figyelmet kell forditani a rendszerek

stabilitdsdra és stabilizalasdra [1]. A stabilitds jelen-

ségének értelmezesekor a képzddeés [eltételeibdl

kell kiindulnunk. Hosszabb-rividebb ideig stabilis

rendszer képzideésének 3 eldfeltétele van [2]:

1. A ket fazis nem elegyedhet egymassal;

2 Elegendd nagysagu legyen az emulgedlasi mun-
ka, illetve

3. Emulgensbdl vagy emulgens keverékbdl megfe-
lel5 hatarfeliileti réteg alakuljon ki.

Az emulziok , metastabil” rendszereknek tekint-
hetdek, igy kezdeti szerkezetiik valtozik tarolas
vagy szallitas folyaman, hdhatas, mechanikai ter-
helés, fizikai behatds vagy biclégiai hatds kovet-
keztében [3]. Szamos olyan folyamat ismeretes,
amely az emulzids szerkezet megtoréséhez vezet.
Megkilonbtztetink reverzibilis és irreverzibilis
mechanizmusokat. A reverzibilis valtozasok kize
tartozik a folozddes, iilepedés, flokkulicid, az irrever-
zibilis jelenségek kozé sorolhatod a koagulicid és az
vgynevezett ,Ostwald ripening”.

Folizddés és filepedés folvaman a graviticio ha-
tisira a diszpergdlt cseppek felfelé vagy lefelé

mozognak. Fdként hip, kis diszperz [dzist tartal-
mazo rendszerekben figyelhetd meg a Stokes torvé-
nvnek meglelelden, ha jelentds slirliségkiilonbség
van a két fazis kbzott. Flokkuliciorol akkor beszé-
litnk, ha a vonzo erdk nagyobbak a cseppek kizott
taszitd erdknel, igy a cseppek Osszetapadnak a
gvenge van der Waals kilcsonhatasok kiwvetkeztd-
ben. A cseppek koagulicidja folyaman az emulgedlt
cseppek Osszefolynak a koetik lévd filmrétep
elvékonyodasa és megszlinése kivetkeztében. Igy

Heoleging viesphilatok 4—

Siabilitis Creppmeret analizis

A vie kvt ddddse

1. ibra: A palimer emulgensek vizegilatinak rendje
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3. dbra: A gélemnd zick kifatt vizének vdltozisa az eltartisi iddoel
kailenboz6 olajkoncentriciok esetén

végeredményként két vagy
tobb kisebb cseppbdl egy
nagyobb csepp keletkezik,
Az dgynevezett ,Ostwald
ripening” polidiszperz emul-
ziokra jellemzd, amikor is
anagyobb cseppek fokozato-
san névekednek, a kisebb
cseppek pedig egyre kiseb-
bek lesznek. A jelenség a kii-
lénbdzd méretl cseppek ol-
dékonysag  kiilonbségébil
adodik [1].

Eét {6 modszer ismeretes
az emulziok stabilizalasara:
1. az elektrosztatikus stabi-

lizalas, [Gként kismoleku-

laju feliiletaktiv anvagok-
kal,
2. asztérikus stabilizalas.

Ez utdbbi esetében felii-
letaktiv polimereket alkal-
maznak, melyek kotddése a
hatarfeliilethez  gyengebb,
mint egy kismolekulaju felii-
letaktiv anyage, de hatasos-
nak bizonvulnak elektrolit
tartalmi kiozegben, illetve
magasabb homérsékleten is
[4]. A kozmetikai és gvogy-
szeriparban is az utobbi évek-
ben a hagvomanyos kismo-
lekulaja feliletaktiv anya-
gokkal szemben egyre in-
kibb eldnyben részesitik a
polimer emulgenseket, illet-
ve a polimerek felilletaktiv
anyagkent valo alkalmaza-
sarél is egyre tobb szerzd
tesz emlitest [5-7].

A polimer emulgensek
két djabb képviseldjét mar
elézd kiozleményinkben [8]
bermutattuk. Jelen munkank-
ban a polimer emulgenst
tartalmazo rendszerek stabi-
litdsi wvizsgalataval kapott
eredményeinkrdl szamolunk
be (1. dbra).

Az emulziok stabilitasi
vizsgdlatara az egvik legtibb
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informaciot ado modszer-
csoport a reoldgiai mérések.
Ezek a vizsgalatok érzéke-
nyen jelzik az emulzidk szer-
kezetében tirténd valtozaso-
kat, igy peldaul a koagula-
ciot, a flokkulaciot, vagy
akdr a f6loz6dést, sredimen-
taciot, mivel ezek a folvama-
tok mindig jellemzd viszko-
zitds-valtozassal jarnak [9-11].
Termoanalitikai vizsgilatokkal
lehet tanulmanyozni a viz
kottdésének valtozasat, illet-
ve a gélszerkezet valtozasdt
[12], valamint optikai madsze-
rek segitségével detektaltuk a
cseppmeret, cseppmeret-el-
oszlas alakulasat az eltartas
SOran.

Anyagok és madszerek
Anyagok

Polimer emulgenskent a
Pemulen TR1 és TR2-t {gyar-
to: Moveon AG) alkalmaz-
tuk. A gél emulziok vizfazisa
a gyogyszerkonyvi tisztitott
viz { Aqua purificata, Ph. Hg.
VIIL), olajfazisa a Miglyol
812 (gyartd: Sasol GmbH,
MNémetorszag) volt. Semlege-
sitd komponensként gyogy-
szerkinyvi trolamint (Ph. Hg.
VIIL) haszndltunk

Reoldgiai vizsgdlatok

A reologiai méreseket HA
AKE RheoStress 1 (HAAKE
GmbH, Neémetorszag) kip-
lap geometriajt keészilékkel
végeztiik szobahGmérsekle-
ten. Szabdlvozott nyirdsi se-
besség-gradiens mellett fel-
vettik a mintak folyas- es
viszkozitas-gorbeit (a felszillo
agat 0,1 s?-t6] 100 s-ig, a le-
szallé gat 100 s1-4810,1 s1-ig).
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—le— 0, 409
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4. dbra: A polimer emulgenst tartalmazd emulzick pavolgdsi
sebességenck valtozdsa az eltartds folyamdn
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5fa. abra: A kiilgnbézd polimer-tartalmu ewulzick viszkozitisinak viltozisa
az eltartds sovin (olaffartalom 20%)
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Meghataroztuk az emulziok
és gélek tarolasi és vesztese-
gi moeduluszadt a frekvencia
fiiggvenyében (0,1 és 100 Hz
kozoitt).

Termoanalitikai mérések

A termoanalitikai mérése-
ket Derivatograph C (MOM,
Magyarorszag) késziilékkel
végeztiik. A mintakat 25 °C-
tol 200 “C-ig fatdttik, a viz
kotSdesi mechanizmusanak
meghatarozasiara 10 °C/ perc
[itési sebességet hasznal-
tunk. A pdrolgdsi sebesség
meghatdrozdsahoz 5 "C/ perc
sebességet alkalmaztunk. Fel-
vettik az emulziok TG (t6-
megesokkenés az idd flige-
vényében) és dTG (TG idd-
szerinti deriviltja) girbéit.
A TG girbék egyenes szaka-
szara regresszios egyenest
illesztettiink, melynek mere-
dekségebdl kivetkeztettiink
a mintak pdrolgasi sebessé-
gére.

Cseppméret-analizis

A cseppméret-analizist
Leica képanalizatorral veé-
geztiik. 500 csepp atmérdjet
mértiik meg és elemeztilk
Leica Q500MC Qwin V01.02
szoftver segitségével.

Eredmények és ériékelés
Termoanalitikai vizsgdlatok

Az elézd kizlemeényiink-
ben [8] bemutattuk az emul-
ziok specialis szerkezetében
hikézles hatdsira lejatszodo
valtozdsokat (2. ibwa). E vil-
tozas lénvege a kiilénbdzd
modon kotbtt viz eltavozisa
volt. Meghataroztunk szabad

Viszkozitas (Pa's)
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5/b. dbra: A kiilonbizd polimer-tartalmit emulzidk viszhozitisinak niltozdsa
az eltartas sordn (olajfartalom 20%
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6. dbra: A kiilonbizd olajtartalmn emulzick viszhozitasinak viltozisa
az eltartis sovin (polimer enmulgens fartalom 0,10%)
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7. dbra: A kiil inbeizd polimer-tartalmis emulziok veszteséyi tangensének
v lfozdsa az eltartds soran (olajtartalom 20%)
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8fa. dbra: A kiilonbozd olajtartalnni emulzidk veszteséyi tangensének niltozisa
az eltartis sorin (polimer emulgens fartalom 0,10%)

vizet (elsd cstcs a dTG gir-
bén) é mikrogélhez kototrt
vizet (masodik cstcs a dTG
gorbén). Meghataroztuk ma-
sodik csticsokhoz tartozo viz
mennyiségeét, azaz a kotott
viz mennyiséget, és a teljes
vizmennyiség szazalékaban
kifejezve abrazoltuk az eltar-
tasi idd fliggvényében (3.
ibra). A kotott viz mennyi-
sége csbkkenést mutatott a
PTR1-et tartalmazé mintak
eseteben, mig nivekedest ta-
pasztaltunk a PTR2-t tartal-
mazoknal. Tehat a PTRI
emulziok mikrogél rendsze-
re zsugorodott az eltartas so-
ran, ellentéthern a PTR2-t tar-
talmazokeéval, ahel a mikro-
gel duzzadasa volt megfi-
gvelhetd.

Az eltartasi ido alatt a po-
limerek hidratdcidja ndveke-
dett, ennek kivetkeztében a
parolgasi sebesseg csikkent.
Minél jobban hidratalt egy
makromolekula, annal ki-
sebb a vizvesztés sebessége,
Az adatok szerint a parolgas
sebessége fokozatosan csik-
kent az eltartds alatt (4. abra).
E jelensegnek az a magyva-
razata, hogy a polimer foko-
zatosan duzzadt a vizzel valo
érintkezéskor ¢és a hidrat
burok nem pillanatszerden,
hanem az id?s fliggvenveben
fokozatosan alakult ki. Igy a
hidratacic  névekedésével
egyre csikkent a vizvesztés
sebessége. A sebességi allan-
dokat az idd fiiggvényében
abrazolva hatvanylaggveny-
nyel leithato Osszefliggést
kaptunk.

Am/t=A (1)

ahol
Am/t = pdarolgasi sebesség,
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9, dbra: A kiilinbizd polimer-tartalmu emulzick dflagos cseppmiérete
az eltartds folyamin (olajkoncentricio 20%)

A, = kezdeti értékhez tarto-
z0 sebesség,

t = az idd,

k = sebességi dllando.

Reoldgiai vizsgilatok

A gél-emulziok viszkozi-
tasanak jellemzésére a 0 nyi-
risi sebesség—pradiensre extra-
polilt viszkozitast alkalmaz-
tuk €s ennek valtozasat vizs-
galtukaz eltartds soran. Amin-
tdk elasztikussagat a vesz-
teségi tangens (tand) segitsé-
gével elemeztik.
tand=G" /G’ (2)
ahol
G” = veszteségi modulusz,
G’ = tarolasi modulusz.

Minél kisebb értéket vesz
fel tand, annal jellemzSbb és
kifejezettebb az emulzick
elaszticitisa.

Azokban a mintikban, a-
hol kis olajkoncentracic {20%.)
mellett viltoztattuk a poli-
mer koncentraciojat, kismer-
tekdl viszkozitds ndvekedés
volt tapasztalhatd fSkent a
nagy polimer tartalmu min-
taknal (5. dbra). Ez a jelenség
jol magyarazhato ugyvanezen
mintak hidratacidjanak foko-
zodasaval, amit a 4. abra
szemléltet. Azokban az bssze-
totelekben viszont, ahol kis
polimer-tartalom (0,10%) mel-
lett noveltilk az olaj kon-
centraciojat (6. dbra), a PTR1-
et tartalmazo mintak jelentds
viszkozitas-cstkkenést mu-
tattak.

Ezzel parhuzamosan a min-
tak veszteségi tangense fo-
lyamatosan ndtt az eltartas
folyaman, ami arra utal, hogy
az elasztikus jellegiik csék-
kent. Ez utébbi megallapitas
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is féként a PTRl-et tartal-
mazo mintdakra igaz (7. és &
ibra). Ugyanezen dsszetéte-
lekben a mikrogél szerkezet
zsugorodasidit dllapitottuk meg
a gélszerkezet vizsgilatakor
(3. dbra).

3

B R ER S

=]

Cseppméret-analizis

Atiagos ceeppmiret (pm)

4]

A mikroszkopos vizsgila-
tokkal a koagulicio és az
«Ostwald ripenning” jelen-
sépe  kivethetd nyvomon,
mindkettd esetén cseppmé-

ret nivekedést tapasztalha- | PTRZ

tunk. Azokban a mintakban,
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25
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meg, valamint a kisebb visz-

10, dbra: A kiilinbizd olajtartalmii emmlizick dilagos cseppmérete az eltartis
Sfolyaman (volimer emuilyens koncentricidja (0,107%)
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kozitast mutatd PTR2-t tar-
talmazo rendszerekben tapasztaltuk. Ez a niveke-
des viszont egyik esetben sem volt jelentds (9. és 10.
dbraj.

Megbeszélés

A stabilitasi vizsgalatok sordn megallapitast
nyert, hogy a polimer emulgens tartalmu emulziok
esetében két, egymas mellett jelenlevid szerkezeti
formarol beszélhetiink. A makroszerkezet jelenti az
emulgedlt olajcseppek szamat, méretét és méret
szerint eloszlasat. Ez nem valtozott jelentdsen az
eltartas soran. A mikroszerkezet jelent a polimer lan-
cok szolvaticidjat. (Pontosabb és szabatosabb lenne
heterogén szerkezetrdl és kolloid szerkezetrdl be-
szélni, mivel az emulgealt cseppek a heterogén
diszkontinuitds tartomanyaba, a polimer lancok
szolvat burka és a mikrogél pedig kolloid dimen-
zioba tartoznak. Mivel a heterogén fogalmat [Gkent
a diszperz rendszerek eloszlasaval kapeselatosan

hasznaljak, ezért a terminologiai zavart megels-
zendd, megtartjuk a makro- €5 mikrostruktira
fogalmat.)

A hidratacio megismerésehez nvujtottak adato-
kat a TG-girbék. A TG-girbék meredeksége hat-
vanyliiggveny szerint csokkent az eltartds soran, ez
a hidratacio novekedésevel, a polimer és a viz
kozotti lizikai kémiai kilestnhatas fokozddasaval
magyarazhato. Mindezek mellett az emulzick mik-
rogel szerkezete is valtozast szenvedett Ezzel par-
huzamosan a reologiai vizsgalatok is mikroszerke-
zetbeni valtozasokat jeleznek az eltartis folyaman.
Fékent viszkozitas- ¢s elaszticitas-csikkenésril
beszélhetiink, ami azért is figvelemre melto, mivel
[Gként azokban az Gsszetételekben jelentkezett ez
a csikkenés, ahol az atlagos cseppmeéret (mint egyik
legfébb befolvasoldja ezen faktoroknak) egvaltalan
nem valtozott, valamint a hidratacio fokozddasaval
éppen az elaszticitas és a viszkozitas novekedése
lenne varhato. Ezt az ellentmonddst a hidratacio
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makro- 5 mikroszerkezetben betdltdtt ellentétes
szerepevel lehet értelmezni. A hidratacio niveli a
telyasi egységek térfogatiat, ami wviszkozitds
niwvekedesében jut kifejezésre. Viszont a hidratacio
sordn a polimer lancokban eltivolodnak egymastol
azok a funkcios csoportok, amelyek kozott szekun-
der kitderik jonnek létre, tehat a mikroszerkezetet
meghatarozo kilcsonhatasok spektruma ezaltal
csbkken. Valoszind, hogy ez a csdkkenés nagyobb
meértékd, mint a duzzadas altal okozott viszkozitas
ndvekedés [13].

Az eredmények alapjan elmondhato, hogy poli-
mer emulgensek segitsogével makroszerkezet szem-
pontjabol stabil emulzios rendszerek allithatoak
eld. A mikroszerkezetet tekintve viszont az ilyen
tipust emulziok gélszerkezete nem dllando, az
emulgedlast kdvetden folyamatosan valtozik
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ABSTRACT

Cwer the last two decades the attention has been focused on mucoadhesive dosage forms
as a possibility to improve the residence time on a specified region of the body. In addition
to bicadhesivity, controlled drug release from the dosage form is also desirable. Pemulen
TE1 and Pemulen TR2 are croes-linked block copolymers of polyjacrylic acid) and hydropho-
bic long-chain methacrylates, They are able to stabilize ofw emulsions because their short
lipophilic part integrates into the oil droplets whilst their long hydrophilic part forms a
micro-gel around the droplet. In this study, correlations betarsen the microstructure of these
emulsions and the bicadhesive behaviour were found. Rheclogical and thermogravimetric
mithods were used to examine the microstructura of the emulsions. The mucoadhesive
measurements were performed by tensile test and the bicadhesive bond between the paly-
mer ermulsifier and mucn was visualized by confocal laser scanning microscopy. It was
established that (i) these amulsion form a special structure, which depends on the com-
ponents, (iij there were no remarkable changes in bicadhesive foroe and work when the
0il content was increased in the emulsions, and (iii) the emulsions in which the polymeric
ermulsifier formed g special structure showed stronger adhesivity than the ones with simple
polymer network.

@ 2008 Elsevier BV, All rights reservad.

1 Introduction

ton to bioadhesivity, controlled drug release from the dosage
form is also desirable. Flenty of polymers have been kmown as

Bioadhesion has been defined as the attachment of synthetic
or biological macromolecules to a biological tissue (Peppas and
Buri, 1985). A special case of bioadhesion when the biclogical
dssue is a mucosal epithelium is mucoadhesion Jungnger,
1921,

Over the last two decades the attention has been focused
on mucoadhesive dosage forms as a possibility to improve
the residence time on a specified region of the body. In addi-

excellent bioadhesive materials. The most widely used poly-
mers are constituted by poly-acrylates (and their derivatives or
cross-linked modifications), chitosans (and their derivatives),
sodium alginates and cellulose derivatives. At least one of the
following polymer characteristics are required to obtain adhe-
siore {i) sufficient group forming hydrogen bonds (hydrowxyl or
carboxyl groups), (i) anionic surface charge, (i) high molecu-
lar weight, (i) high chain flexdbility, and (v) surface tensions

¢ Cotresponding aithor at: University of Szeged, Departrnent of Fharmaceutical Technology, EStvie u. &, SZeged H-6720, Hungary.

Tel: +36 62 45 570 fax: 436 62 545 571,
E-mail address: erce@pharm.u-szeged. hu (1. Erds).

(928-0987/3 — see fromt matter @ 2008 Elsevier BV, All rights reserved.
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that will induce spreading into the muoous layer (Chickering
and Mathiowitz, 1999). The hydrogels as a pharmaceutical
dosage form composed by the polymers mentoned above
should fulfil some criteria: (i) to be loaded substantially by the
active compound(s), (i) to give no interaction with the active
compound(s), (iii) to swell in the aqueous biological environ-
ment, (iv) to interact with the muecus, (v) to control release of
the active agent from them, (vi) to be biocompatible, (vil) to
be not absorbed from the administration site, and (viii) to be
excreted unaltered or biologically degraded to inactive, non-
toxic oligomers or monomers (unginger et al., 2002).

In the literature some examples can be found where the
bicadhesive behaviour of different type dosage forms contain-
ing poly(aorylic acid) type polymers has been reported, mainly
as components of hydrogels (Zaki et al,, 2007, Ceulemans and
Ludwig, 2002) or tablets (Park and Munday, 2002; Ponchel et al.,
1987). In case of poly(acrylic acid)s, the cross-linking density
of these polymers has been established to influsnce interpen-
etration, because interpenetration of a larger polymer is more
difficult than of a smaller one and the number of the fune-
tional groups which are able to form bicadhesive bonds may
decrease [Park and Robinson, 1987). Another important factor
in the bicadhesivity of poly(acrylic acid)s is the pH. Protonated
and hydrated carboxylic groups are needed for the interaction
between the 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
pEz of the certain type poly(acrylic acid) fMortazaviet al., 1993,
Park and Robinson, 1987). In the last few years, considerable
interest has been shown in new type polymers such as thi-
olated polymers, which form oovalent bonds with the mucin
in contrast with the weak, non-oovalent bonds of the tradi-
tionally used polymers. In addition, they are notinfluenced 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
(Bernkop-Schniirch et al., 2000; Calcet et al., 2004; Leitner et
al,, 2002; Marschiitz and Bemkop-Schniirch, 2002).

Pernulen TR1 and Pemulen TR2 are cross-linked block
copolymers of polylacrylic acid) and hydrophobic long-
chain methacrylates (morylate/C10-C30 alkyl-acrylate cross-
polymer) (Goodrich, 1992). They can stabilize o'w emulsions
because their short lipophilic part integrates into the oil
droplets whilst the long hydrophilic part of the molecules
forms a micro-gel around the droplet, so this micro-gel sta-
bilizes the oil droplet. In this way, it is possible to iIncorporate
easily a lipophilic active agent in a hydrophilic dosage form
thereby awciding the behaviour of the lipophilic vehicle to
adhere slightly to the hydrophilic biological surface. One of
their advantagesis the low irritancy (Noveon, 2003) the cause
of whichis on the onehand Pemulens, being macromelecules,
do not penetrate into the biological tissue, on the other hand
they are used in a very low concentration (less than 1.0%,
wiw). When these polymericemulsifiers are used, the polymer
chains have built up a special structure instead of 5 continuous
polymer network (Fig. 1). When compared with continuous
polymer texture, this special structure can modify the nter-
penetration into the mucus (Fig. 2).

Different methods have been publishe d toshow interaction
between the poly(actylic acid)s and the mucin glycoproteins.
Although the most widely used methods are mechanical
tests such as the rheclogical (Higerstrim and Edsman, 2003;
Hasszan and Gallo, 1990; Madsen et al., 1998, Mortazavi, 1995)
and tensile test (Caramella et al, 1994; Riley et al., 2001;
Tamburic and Cralg, 1997) messuremnents, NUMeToUSs SXal-
ples can be found in the literature whers spectroscopic
methods have been used to evidence the ability to form bioad-
hesive bond of the poly(acrylic acd), such as ATR-FTIR (Jabbari
et al, 1993), 'H *C nuclear magnetic resonance Mortazavi,
1995) and ¥X-ray photoelectron spectroscopies (Patel et al,
2003). In this study we have presented confocal laser scan-
ning microscopy (CLSM) as a new method by means of which
the bicadhesive bond can be visualized.

The emulsions containing polymeric emulsifiers can give
a potential new drug delivery system, which can control drug
release. The mucoadhesion of these emulsions is the physico-
chemical and biological precondition of drug release. The
muooadhesive behaviour of the gel-emulsion has not been
encountered in the literature yet, so our research can be
regarded as a novelty in this topic. Similarly, the correlations
between the microstructure and mucoadhesion are presented
in this paper for the first time.

The =im of our research was to examine the influence
of the emulsified oil and the micrestructure on bicad-
hesive behaviour and to find a comrelation between the
microstructure and bicadhesive behaviour. In case of emul-
sicns containing polymeric emulsifiers numerous factors can
influence their microstructure such as polymer concentration,
cil concentration, changing of oil-water interface (due to the
presence of coermnulsifier) or droplet size in this work we have
disregarded the review of this last one). If the microstructure
undergoes changes, the ability of the emulsions to form chem-
ical bonds or physical entanglement with the mucus could
be modified. The microstructure was investigated with rheo-
logical and thermoanalytical methods, whilst tensile test and
conforal microscopy were used to examine the bioadhesive
behaviour of the samples.

2. Materials and methods
2.1 Materials

Permmulen TR1 (FTE1) and Pemulen TE2 (PTRZ Moveon,
USA) were used as primary emulsifier, viscosity enhancing
agent and bicadhesive. Pemulen TR1 ([FTR1) i= the higher
polymerization-degree-polymer whilst Pemulen TR2 (PTR2) is
the lower polymerization-degree-polymer. Coemulsifier, Syn-
peronic PEL 101 (S101) (Unigema, UK) was added to certain
emulsions to influence the microstructure. The oil phase was
Miglyol 212 (Sascl Germany GmbH, Germany) and the aqueous
phase was purified water ([Fh.Eur.5). The neutralizing agent
was trolamine (Fh.Eur.5).

In the fluorescence samples thodamine B (Fluka, Milan)
was used as fluorophore. Mucin (from bovine submaxillary
glands, Type I) (Sigma-Aldrich, Milan) was added to the emul-
sions to visualize the bioadhesive bond. For the tensile tests
porcine buccal tasue was obtained from freshly slaughtered
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Continuous water

Fig. 1 - Theoretical structure of the emulsions containing
poelymeric emulsifier.

animals and frozen immediately after the cleaning procedure,
The tissue was stored at —40°C in a freezer until required. It
was allowed to equilibrate toroom temperature for 24 h before
MeasUrements.

2.2, Emulsions preparation

The Pemulens were added to purified water containing tro-
lamine and preservative. The pH of the gel was 5-5.5. After

24 h the oil was added to this gel whilst the sample was stirred
with mixer (MW ER-10, 800rpm) for 20min. In the samples
containing coemulsifiers, the mixture of the coemulsifier and
cil was added to the water phase. The components of the
emulsion can be seen in Table 1.

2.3.  Thermogravimetric investigation

The measurements were carded out  with MOM
Dervatograph-C (MOM GmbH, Hungary) instrument. Samples
were welghed (40-50myg) in platinum pans (no. 4). The ref-
eTenice Was a pan containing aluminium oxide. The samples
were heated from 25 to 200°C at 10°Cmin-!. TG (weight loss
% vs. temperature), detivative T (dTiZ) and DTA curves were
plotted. Each study was repeated three times.

2.4,  PBheological investigation

HAAKE BheoStress 1 Fheometer (HAAKE GmbH, Germany)
with cone and plate geometry (diameter 35 mm, cone angle
1° and the gap 0.042mm in the middle of the cone) was
used to study the rheclogical profile of the samples. The flow
curve and the viscosity curve of the samples were determnined
by rotation tests controlled shear rate. The shear rate was
changed from 0.1 to 1005-1 and then from 100 to 0.1~ The
storage ('), the loss (G") moduli and loss tangent (tan 4 =G%/C')
were examined as function of frequency (from 0.1 to 100Hz)
at 1.0Pa {in case of PTRY) 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.
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Fig. 2 - Interpenetration between gel-emulsion containing pelymeric emulsifier and mucus.
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Table 1 - Components of the emulsions containing
polymeric emulsifiar

Sample Components (%, w/iw)
FTE1 PTRZ 5101 o1l Water®
1 o1 = = 0 20
2 02 = = 0 &0
3 04 - = 0 a0
4 05 = = 0 20
g 02 = = 0 &0
f = 0.1 = 0 a0
7 B 0z B 0 20
8 = 0.4 = 0 a0
g = 05 = 0 a0
10 B 0.8 B 0 20
11 a1 = = il 100
12 0 - = 10 o0
13 01 = B 0 20
14 a1 £ & a0 0
15 o1 - = 40 &0
16 0.1 = B 501 L)
17 & 0.1 & il 100
12 = 0.1 = 10 o0
19 B 0.1 B 0 20
20 = 01 = a0 70
71 5 01 5 40 &0
22 B 0.1 B 50 L)
73 0.1 = 0001 b 20
24 0.1 = 0L 20b a0
75 01 = 010 b a0
26 01 = 050 a0b 20
27 0.1 = 1.00 20b a0

= Together the water, the polymenc emulsifier and the trolamine.
P Tagether the oil and the 5101

2.5. Tensile test

The mucoadhesive properties of the gel-emulsions were
investigated by TA-XT2 Plus Texture Analyser (Stable Micro
Systems, Enco, Italy). The samgples (20 mg) were laid on a filter
paper fixed with double sided adhesive tape on the bottom of
the upper probe. The tizsues were placed in the lower probe.
The upper probe with the sample was lowered at a speed of
1.0mms-! onto the surface and a downward force of G000 M
was applied for 1min to ensure intimate contact between the
sample and the tissue. After the preloading the upper probe
was moved upwards at aspeed of 4.0mm 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.

2.6,  Confocal laser scanning microscopy

The visualization of the bioadhesive bond between the emul-
sion and the mucin was carried out with Confocal Mictoscope
Systermn Leica TCS SP2 (Leica Microsystems Heidelberg GmbH,
Germany)interfaced with a Leica DMIRBE inverted microscope
and using a 40 1.25 NA oil immersion objective. The excita-
tion source was a Green Hello-Neon (Lay = 543nm) lazer, the
fluoreacence emission of rhodamine B was recorded between
580 and 630 nm. Rhodamine B (0.002%, w/w) was suspended in
the cil phase and the oil was added to the water phase. 8.0%

0.10% PTR1
0.20%
[}
0.40%
]
&
' 0.50%
0.80%
40 B0 &0 00 120 140 160 1B
Temperatura [°C)
0.10% FTR2
0.20%
i
w | 0.40%
=
2 0.50%
0.80%
40 &0 a0 W0 120 {140 60 16D

Temperature ("C}

Fig. 3 - The dTG curves of the emulsions at different
polymeric emulsifier concentration.

{w/w) mucin solution was prepared from mucin and buffer
solution, pH 6.4 (USP). This sclution was added to the emul-
gions. 10:1 and 5:1 emulsion-mucin ratics were appli=d.

3. Results and discussion
3.1.  Thermogravimetric analysis

Thermogravimetric measurements allow the investigation of
the microstructure of emulsions, creams and other semi-zolid
systems, because (Junginger, 1984; Peramal et al., 1997; Kénya
et al., 2003) free (or bulk) and (mechanically and chemically)
bound water can similarly be identified and quantified.

It waz assumed that this type of polymeric emulsifier,
due to its surfactant nature, builds up a special gel struc-
ture in the emulsions instead of a continuous gel network.
The polymer iz enriched on the interface around the droplets
and conse quently its concentration will be lower in areas far-
ther from the oil droplets. If this concentration difference is
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Fig. 4 - TG curves of the emulsions at different oil
concentration.

considerable, two aqueous phases are obtained, which can be
separated well with thermogravimetric investigations.

Fig. 2 shows the dTG curves of the emulsions at different
polymeric emulsifier concentrations. Two peaks can be seen at
lower concentrations (0.1-0.2%, w/w) and only one at higher
ones (0.4-0.8%, wi'w). The curve shows two weight loss peaks:
one peak corresponds to free water at about 100°C, the other
to micro-gel (bound) water at about 140°C. The integration of
the polymers toward the oil-water interface can happen in
samples with low polymer content, because the movemnent of
the chains is not inhibited and the interface has not been sat-
urated yet. At a high polymer content, theinteraction between
the chains increases so their movement may be inhibited and
probably the interface is saturated, too. In this last case the
different water phases are not separated.

TG (%, wiw)

.an

o 100
Tempéaratura [*C)

Fig. 5 — TG curves of the emulsions at different coemulsifier
concentration.
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The TG curves of the emulsions at different oil concentra-
tions are shown in Fig. 4. 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 stepa. At low (10%, wiw)
and high (50%, w/w) oil concentrations only one step can be
seen in the curves whilst at middle (20-40%, w/w) concentra-
Hon two steps can be separated. At a low concentration the
surface and so the orientation of the polymer may not be sig-
nificant enough to be detected. At a high cil concentration the
polymer-water ratio is so high that the entire agquecus phase
is bounded by the polymer gel. In the case of the samples
containing PTRZ, in which the lower polymerization-degree-
polymer was applied, the two steps on the TG curve can be
detected at high oil concentration, too, becausze the smaller
polymer chains can move easily so they can orent towards
the cil droplets even at relatively high polymer content.

In some samples the coemulsifier was applied in various
concentrations (0.001%, 0.01%, 0.10%, 0.50%, and 1.00%, w/w).
Cn the basis of our assumption this coemulsifier (S101) may
inhibit or decrease the acoumulation of the polymeric emulsi-
fier at the water—oil interface, so the amount of the micro-gel
water around the oil droplets may decrease or dizappear.

Fig. 5 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 coermulsi-
fier concentration is, the smaller ratio of bound water can be
measured, At high (1.00%, w/w) concentration the two steps
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absclutely disappeared, so probably the polymer formed a
homogenous gel structure and there is no micro-gel around
the droplets.

3.2, Rheology

The knowledge of the rheological characteristics of the sys-
tems is very important for mondtoring the changes of the
microstructure and the bioadhesive behawiour. Fig. 64 shows
that the viscosity increases exponentially with the poly-
mer concentration. Few pieces of information can be found
in the literature about the Pemulen'’s theological character-
istics. Increasing of the wviscosity was described with the
polymeric emulsifier and the concentration and the emul-
sions showed thixotropy or antithizotropy (Milic-Askrabic et
al, 1998, Simovic et al, 1998). On the basis of our exami-
nation it can be said that this increase of viscosity in the
ernulsion containing PTR2 is more pronounced; therefore, at
0.8% (w/w) both of the polymerization-degree polymers had
the same viscosity value, Contrarily, the emulsion containing
higher polymernzation-degree-polymer showed more rernark-
able elasticity even if high polymer concentration was applied.

For the viscoelastic characterization of the emulsions tané
(loss tangent or damping factor), &' (storage modulus) and G*
lees modulus wers used

i

o
tan é = — (1
ans = (1)

G' G" (Pa); n [Pa"s)
B oo om B M

L)

a F.-CI' I:--.:H |:|I1
5101 concentration (%, wiw)

1001 00 o
5101 concentration (%, wiw)
Fig. 8 — Variation of viscosity (i), the storage (W), loss [O)

meoduli (A) and loss tangent at 1.0 Hz (B) in function of
coemulsifier (5101) concentration.

where G iz the storage modulus, G¥ is the loss modulus. The
smaller tan s (or the greater &') is, the stronger the interacton
iz in the gel structure.

The loss tangent decreased with the amount of the poly-
mer at low concentration whilst high polymer concentration
did not alter that (Fig. 6B). Thiz phenomenon can be explained
by the changes of the microstructure, In the thermogravimet-
ric results it was already shown that at low concentration
(belowr 0.4%, wiw) the micro-gel structure around the droplets
prevailed instead of the ooherent polymner network, and this
network is built up progressively with the increase of the
amount of the chains. Therefore, the increase of elasticity can
bemore powerful than viscosity, sothelosstangent decreased.
Above 04% (w'w) the network iz completely built up, so the

34 ¢ 10
25 L &
2
w b7
g :
i L
1
9.5 2
a fl
0 10 20 30 41

Micro gel water (%, whw)

Fig. @ - Correlation between the micro-gel water and the
viscosity (M)/storage modulus (0) of the emulsions
containing PTR1 and S$101 at constant water oil ratio,
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storage and the loss moduli changed parallel, therefore the
loss tangent was constant.

Viscosity increased exponentally with the oil concen-
tration in the case of both polymerization-degree polymers
(Fig. 74), whilst loas tangent showed a slight increase with the
cil concentraton in the case of PTR2 and a slight decreasein
the case of PTR1 {Fig. 7B, On the basis of the loss tangent it
can be concluded that the deformability of the emulsion con-
taining PTR2 is more remarkable with the increase of the oil
content.

Some authors have examine d emulsions based on the com-
binstion of Pemulens and non-onic emulsifier. They have
established an addition of mixed emulsifier significantly mod-
ified the rheological characteristics of the emulsicns (Savic
et al., 2002; Simovic et al., 1999). The viscosity of the emul-
sion increased with the amount of the non-donic emulsifier.
When Polysorbate 80 was used as non-lonic emnulsifier this
phenomenon was explained with the interaction between the
polymernic emulsifier and the non-ionic emulsifier (Simovic et
al., 1999), In our study when coemulsifier (5101) was used,
there were no changes below 0.5% (w/'w) coemulsifier concen-
tration, but at 1.00% (w/w) the viscosity and elasticity of the
ermnulsion showed higher values {Fig. 84). As already seen on
the TZ curves, the coemulsifier inhibited the accurnmilation
of polymeric emnulsifier at the water-cil interface and at 1.00%
(wiw) the differentiated gel structure completely disappeared,
so a coherent polymer network could evaolve, The built net-
work can explain the increase of the viscosity, elasticity and
the decrease of the loss tangent at this concentration (Fig. 8B),
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Fig. 13 - CLSM images of the simple emulsion (first column); and 10:1 {second column) and 5:1 (third column) PTR2
emulsion-8.0% (wi'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%, wiw).
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The relationship between microstructure and rheclogy is
illustrated well in Fig. 9, showing the relationship between
the quantity of micro-gel water and the rheclogical constants
(viscosity and storage modulus), which can be described with
a power function.

§=4.45¢-03% (B2 - 0.980) (2)
G = 1724723 ®? = 0851 (3

where y is the viscosity, G is the storage modulus and cis the
water content in the micro-gel.

The small quantity of gel water detectsble 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 viscos-
ity and elasticity of the systems.

3.3 Tensile test

The bicadhesive behaviour of the emulsions was different
depending on the different polymernzation-degree polymers
used in the preparation, as it can be observed in Fig. 10.
When increasing the polymer concentration at low values,
there were changes neither in detachment force nor in adhe-
sive work. In this range the coherent polymer network has
not built up yet, as it had already been mentioned previously.
Above 0.2% (wiw) both detachment force and adhesive work
decressed with the amount of the polymer in the caze 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
rheclogical measurements, which suggested that these sys-
tems oy to retain thelr integrity instead of forming chernical
or physical bonds with the mucus. Contrarily, emulsions con-
taining PTR2 with lower elasticity are more capable of forming
bonds with the surface.

Mo significant change was obeerved in detachment foree
when increasing the oil concentration jour previous ther-
mogravimetric measurements had shown the presence of
micro-gel in almest all these samples). There was a slight
decrease in both detachment force and adhesive work
between the simple gel and emulsion (Fig. 11), which suggests
that the added cil reduced the bioadhesivity of the samples.

The shape of the curve of adhesive work was similar at first
to the one of detachment foree, but at higher oil concentra-
tior, inthe case of PTRZ, a considerable decrease of the values
was observed (Fig. 11B). In emulsions prepared with PTR2
loss tangent decreased with the increase of the cil concentra-
ton (Fig 7), so 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 foree did not change, whilst adhesive work,
which depends on the interpenetration of poly(acrylic acid)
chains into the mucus (Ponchel et al., 1987), decreased at high
oil concentration.

When a ooemulsifier was used, a decrease in detach-
ment foree and adhesive work was cbserved, which is more
expressed at a high 5101 concentration (Fig. 12). The viscos-

ity and the elasticity of these samples were higher at a high
coemulsifier content (Fig. 8). 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 microstrue-
ture influenced the rheological and bioadhesive behaviour.
Bazed on the thermogravimetric and bioadhesive measure-
ments, it can be conclude d that the coherent polymer network
can decresse the bioadhesivity of the samples as compared to
the crdered micro-gel system.

3.4.  Confocal laser scanning microscopy

Az Pemulens are modified poly(acrylic acid)s, they can be
marked with cationic fluorescent dye such as rhodamine B.
Using thodamine B, which can be considered as a tertiary
armnine, hydrogen bonding or electrostatic interaction may
form between the carboxyl groups of the polyacryl-acid and
the fluorophore (Guan et al, 2008), so the dye concentration
will be higher where the polymer concentration is higher.
Therefore sharp fluorescence activity can be seen on the bor-
der of the droplets in the emulsion because the polymer
concentration is higher around the droplet (Fig. 13, pictures
on the left side). 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 pletures. In addition, cil droplets are
retained in them. It can be assumed that mucin formed bioad-
hesive bonds with the micro-gel around the droplets and not
with anetwork. In the course of the tensile test me asurements
the samples in this range did not show changes in the bioad-
hesive behaviour. At high polymer content (above 0.2%, wiw)
no agglomeration can be seen, so interaction arose with the
total polymer network.

4. Conclusion

Omn the basis of the results it can be said that the cil added into
the emulsion slightly modified their rheological and bioad-
hesive behaviour. Under increasing polymer concentration
the two different polymerization-degres polymers showed
different results. In the case of the flexible low polymernzation-
degree-polymer, bioadhesive force and work increased with
the amount of the polymer, whilst the adhesivity of the
less flexible, high polymerization-degree-polymer decreaszed
because of its increased elasticity. Contrarily, the high elastic-
ity of the samples prepared with PTR1 meant an advantage
in the case of higher oil content because these systems are
able to retain their structure, and thus also their bioadhesiv-
ity, under different effects (eg. downward force, application
on the surface). The added coemulsifier modified the struc-
ture of the emulsions, which influenced the rheclogical and
bicadhesive characteristics.

It can be concluded that (i) the emulsion containing
mainly micro-gel around the droplets shows more remark-
able bicadhesive force than the sample with coherent polymer
network; (i) there is no difference between the hicadhesiv-
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ity of the samples where the coherent gel sttucture had not
built up.
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Polymeric emulsifiers provide exceptional stability to oilldnewater, water-in-oil or multiple emulsions by their steric stabilization.
Pemulens as polymenc emulsifiers are able to stabilize of w tvpe emulsions because their short lipophilic part integrates into the oil drop-
lets while their long hyvdrophilic part forms a micro gel around the droplet. In our present study the microstructure and integration of the
polymernc emulsifier at the water-oil interface was investipated with thermogravimetric and microscopical methods. It was established
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Introduction

An emulsion 1s a heterogeneous disperse system of two
immiscible liquids (by conventon described as oil and
water), one of which is dispersed as fine droplets uni-
formly throughout the other [1]. They are not stable
thermodynamically, several processes are known to
lead to the destruction of their structure, such as: floc-
culation, creaming, sedimentation, coalescence, phase
inversion and Ostwald ripening. Therefore one of the
most important tasks is to ensure the kKinetic stability of
these systems. In addition to stability, other require-
ments also have to be satsfied by emulsions used in
cosmetic and pharmaceutical indusiries, as appropriate
consistence and safety of ingredients [2].

Emulsifiers are used both to advance emulsifica-
ton and to ensure stability during storage and applica-
ton. Polymeric emulsifiers appeared at the end of the
last century. They provide exceptonal sability to oil-
m-water, water-in-01l or muluple emulsions by their
steric stabilization. Some of these polymenc emulsifiers
have been designed to act both as primary emulsifiers
and viscosity enhancing agents. Pemulens (CTFAANCI
designation:  Acrylate/C10-C30  alkyl-acrylate cross
polymer) belong w this group. One of their most impor-
tant properies resides i their affectiveness in stabiliz-
ing a/w type emulsions even for very low Pemulen con-
centrations (0.1-0.4 mass‘mass¥). The short lypophilic
part of Pemulens is mtegrated into the oil droplets while
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the long hydrophilic part of the molecules forms a micro
gel around the droplet so this micro gel stabilizes the
dispersed phase [3].

Thermal analysis 1s becoming increasingly mmpor-
tant in the structure examination of pharmaceutical
dosage forms. Recently, in addition o the research of
solid dosage forms [4-7], it has also been used suc-
cessfully i the nvestigation of liquid and semi-solid
systems. Thermoanalytical measurements allow inves-
tigating the microstructure of emulsions, creams and
other semi-solid systems. Several papers about the
structure of various semi-solid pharmaceutical prepa-
rations and cosmetic products (e.g. creams and liguid
crystals) have been published in literature [8-12]. The
majority of the investigations focus the attention on the
binding of water: free, bound or intedamellar water 15
distinguished [13-17]. In the case of Pemulens free
and bound (micro gel) water can similarly be identified
and quantified with thermogravimetric measurements.

Emulsions can be visualized with confocal laser
scanning microscopy either with the fluorescent dye-
ing of the disperse phase (or more rarely of the disper-
sion medium) or with the use of luorescence-labelled
surfactants [ 18-22]. In the present study our aim is to
determine the location of the polymer with the second
method. When rhodamin B is used as a luorophore,
H bonds and electrostatic interactions anse between
the latter and the carboxy! group of the polymer as the
structure of the rhodamine B is similar to a tertiary
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amine [23], as a consequence, the concentration of the
dye will be higher where the polymer concentration s
also higher.

Our aims were the following: 1) o perfonm
thermogravimetric and microscopical examinations
in order to learn about the microstructure of the gel
emulsions as so lar, such examinations have not been
encountered m the literature of pharmaceutical tech-
nology vet; 2) to determine the binding of the water in
the system; 3) to describe the changes arising in the
microstructure due to the effect of the coemulsifier.

Experimental
Materials and emulsions preparation

The polymerie  emulsifier  was  acrylate/CLO-C 20
alkeyl-acrylate cross polymers (Noveon, Pemulen TR2),
Coemulsifier was PEO-PPO-PED  wiblock polymer
(Synpercnic PEL 101; S101, Unigema, UK. The ol
phase was Miglyol 812 (Sasol, Germany) and the aque-
ous phase was punfied water (Ph. Hg, V1LY contain-
ing 0L.01 mass/mass% methyl paraben (Ph Hg VIL).
The neutralizing agent was rolaming (Ph, Hg. VIL).
The Muorescent dye was thodamine B (Fluka, laly).
The polymenc emulsifier was added o purified water
containing trolamine and a preservative agent, than they
were stored at room  lemperawre for 24 b (pH
wias 5-5.5). The oil (conmining suspended rhod-
armine B) was added w this gel by drop wise while the
sample was being stired with mixer (MLW ER-1,
SO0k, 20 min). In the samples conminmg coemul-
sifiers, the coemulsifier was added w the o1l phase. In
the first series, the polymer concentration was changed
under constant water ofl mtio (80200 and in the second
one the secondary emulsifier was vaded under constant
polymer water oil ratio. The samples were made m
massmassth concentration,

Methods

Thenmogravimetric investigation

The measurements were carmed out usimg MOM
Derivatograph-C (MOM, Hungary) instrument. Sam-
ples were weighed (40-30 mg) in platinum pans
(Mo, 4). The reference was a pan containing alu-
minium oxide. The samples were heated from 23
10 200°C at 10°C min ', TG (mass loss% vs. tempera-
ture) and DTG (denvauve TG) curves were plotted.
Lach study was repeated three tmes.

Confocal laser scanning microscopy

lmage acquisition was performmed by Confocal Micro-
scope System Leica TCS SP2 (Leica Microsystems

Heidelberg GrbH, Germany) interfaced with a Leica
DMIRBE  inverted microscope  and  using a
40125 NAL oil immersion objective. The excitation
source was a Green Heho-Neon (Ao=543 nm) laser,
the fluorescence emission of rhodamine B was
recorded between 580 and 630 nm.

Results and discussion

Oar basic assumption was that the polymer, due o its
surfactant nature migrates toward the interface; con-
sequently its concentration will decrease in regions
far from the ol droplets. 1 this concentration differ-
ence is considerable, two aqueous phases are ob-
tamned, which can be separated well with thermo-
gravimetric investigations. When the quantity of the
polymer 15 increased, two processes can be expected
to oceur: 1) the interface becomes saturated so the ex-
cess polymer will not appear in the boundary layer
any more, therefore it will reduce the concentration
difference between the mterface and the more distant
areas. 2 ) The mereased polymer concenration will re-
sult 1 a greater number of interactions between the
chains, which in turn over a certain concentration will
inhibit the orientation of the polymers towards the in-
terface to some extent. As a consequence, the differ-
entiation of the gel structure can be expected to disap-
pear with mereasing polymer content. Figure |
clearly shows that in the case of a low polymer con-
tent two peaks can be separated well in the DTG
curve, one peak comesponds to [ree water at about
1007, the other to micro gel (bound) water at about
140°C. When the guantity of the polymer 15 in-
creased, the two peaks disappear as expected, and
only one peak can be observed instead. This 15 con-
[irmed by pretures made with confocal microscopy. In
the case of a low concentration (Fig. 2} a sharp con-
tour 18 dyed by rhodamin around the dropley, mdicat-

L 1%

DTG'mg min~"

.~
0 i b

G0 KD 00 120 140 160 R0
Temperature

Fig. 1 DTG curves of emul sions with increasing polymeric
emulsifier content
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MICROSTRUCTURE OF EMULSIONS

Fig. 2 CLSM picture of emulsicn containing 0,1 mass'mass®s
polvmeric emulsifer

Fig. 3 CLSM picture of emulsion contaming 0.8 mass/mass®s
pobvmeric emulsifier

ing a higher polymer concentration, while with higher
concentrations the dye s of homogeneous distribu-
ton (Fig. 3).

I a coemulsifier s also used, changes in the
mucrostructure can be assumed. The coemulsifier with
1t smaller molecules 15 also onented on the mterface,
therefore in a higher concentration it can displace the
polymeric emulsilier with greater molecules. As a re-
sult, the micro gel around the dropler will disappear.
The two peaks ol the DTG curve are shifted with an in-
creasing  coemulsifier concentration. The polymenc
emulsifier 15 displaced from the mterface and will
gelate, thus the first peak will be shifted towards a
higher temperature. At the same tme the water on the

Table | Peaks of the DTO curves and the amount of the micro
gel water of the emulsions containing coemutsi fier

Coemulsifier DTG : )

5 2 ¥ Micro pel water/
concentration 1™ peaky 2™ peak! B
s mnss s o 5 w g
0.001 10814 1312 36.816.0
0.01 1132 13814 24.043.0
.10 11341 14544 25440 5
0.50 11914 15046 16.41£7 .8
1.0 13314

J Therm. Anal. Cal., ¥, 20N

mterface will also evaporae from the system at a
higher temperatre. The quantity of water bound n dif-
ferent ways can be calculated from the step height of
the TG curves. (In certain case large relative error can
be seen m the water content determination which can
be explained by the mhomogeneity of the macro-
emulsion systems.) I the quanuty ol the micro gel wa-
ter on the interface 1s examined with respect to the wtal
quantity of water with ncreasing coemulsifier concen-
tration it can be stated that the amount of the micro gel
water gradually decreases and linally disappears as a
homogeneous gel 18 created by the polymer in the
aqueous phase (Table 1)

Conclusions

Gelemulsions containing Pemulens form a special
imicro gel) structure. |t was established that the in-
crease of the polymenc enulsifier and coemulsifier
concentration leads to the disappearance of the micro
gel structure. In case of the polymenc emulsifier the
probable reason is the saturated surface and/or the 1m-
proved polymer—polymer mieraction, while m case of
the coemulsifer the reason 18 1ts stronger alfinity to the
mnterface. According to the previous statement instead
of two peaks only one peak can be seen in the DTG
curve which corresponds 1o the homogenous water
phase. Parallel with the latter, uorophore does not dye
a sharp contour around the droplets but 15 distributed
homogenously in the wial amount of the water.
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