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INTRODUCTION

Emulsion systems get more and more importance enfigid of both cosmetic and
pharmaceutical industry. This is mainly due to ¢thanges in consumer behaviour. Nowadays
there are two basic demands of customers: 1) regube frequency of dosage (ensure and
control drug release); 2) applying products thatehseveral effects in one (“multifunctional
product”).

Multiple emulsions are corresponding with modermstoner challenges and the
different demands of consumers can be satisfiedlteying formulations. Their significance
lies in the separation characteristics and comttiolirug release because the active agents that
have not been suitable for applications becausleenf instability, short biological half-life or
side effects can now become therapeutic tools.

Changes in the regulations concerning marketingaiziation of cosmetic products, a
continuous increase in the expectations concertiiagquality of the preparations, and also
the necessity of more modern testing methods amediallenging tasks. Since there are only
few methods to qualify the products that meet tleguirements of the professional
expectations mentioned above, it is necessaryttyshe already existing ones and more new
structure analysis techniques.

The extent use of multiple emulsions in industii@ds is hindered by the fact that the
stability of these systems cannot be maintainedbfoger time.

As multiple emulsions are very sensitive systemsestigation and control of their
structural changes is a very important task foeaeshers. In order to achieve this goal, a
number of evaluation methods need to be develapdtie existing ones should be adapted to

the precise examination of multiple emulsion system

AIMS

The aim of my research work was to look for andkaaut structure analysis methods
and adapt methods approved in other fields withctwhihe classical emulsion analysis
methods can be supplemented and the coherencedetthe structure and different
influencing factors can be specified.

By means of these methods, the composition, thécapte tools and instruments and
the manufacturing technology can become purposabléch are emphasized in both
pharmaceutical and cosmetic industry.

As a chemist working in research&development witlthie cosmetic industry;

I would like to apply the chosen structure analysethods in the following areas:



» for proper selection of the product composition arahufacturing technology,
* to use as in-process control methods in manufaguri
» to use as controlling test during storage,
» to certify the multiple character (patent).
In order to achieve my aims | have carried outftlewings:
1. Preparation of w/o/w multiple emulsions withfdrent methods
» with different manufacturing technology
» with changing different parameters in the composgi
2. Application of several structure analysis methtmlaccount for the multiple character and
to characterise the important properties of mudtipinulsions in qualitative and quantitative
terms:
» structure and droplet size analysis
- in case of multiple emulsions prepared with oflglifferent polarities
- in case of multiple emulsions in the presencelaokl of active agents at the
time of preparation
+ DSC method
The microstructure of w/o/w emulsions, the effaaftthe composition (polarity of oil),
the effects of method of preparation and quanigagiroportions of different types of
aqueous phase (internal or external) investigaiddtivermoanalytical methods.
- in case of multiple emulsion without active aganhthe time of preparation
- in case of multiple emulsion containing activemaigduring storage
* rheological investigations
- in case of multiple emulsion without active aganthe time of preparation
- in case of multiple emulsion containing activeaigin the course of storage
3. Studying drug release under in vitro conditions
o from w/o primary emulsion

» from w/o/w multiple emulsion.

MATERIALS AND METHODS
Materials
| investigated systems including oil phases of aasi polarities. Three different oil
compounds were used. Mineral oil derivatives: lkijyetrolatum /Paraffinum liquidum/
(Gustav Hess GmbH, Ph.EUP4 2,2,4,4,6,6,8- heptamethylnonane /Isohexadecane/



(Unigema, Unigema grade) and vegetable oil derreati avocado oil /Persea Gratissima/
(Symrise, Cosmetics grade), corn germ oil /Zea Méyaturol, Cosmetics grade) and esters:
isopropyl myristate /Isopropyl Myristate/ (Oleon NR?h.Eur.YP), 2-ethylhexyl stearate /Octyl
Stearate/ (Cognis, Ph.Eufy

The surfactants used during the preparation ofwrhulsions were: poly (oxy-1,
2ethanediyl) distearate /Steareth-2/ (Unigema, &mi@ grade), poly (oxy-1, 2ethanediyl)
distearate  /Steareth-21/  (Unigema, Unigema  gradepolyoxyethylene  (30)
dipolyhydroxystearate /PEG-30 Dipolyhydroxysteargtgnigema, Unigema grade), block
copolymer of polyethylene oxide and polypropylendde /Poloxamer 407/ (Unigema,
Unigema grade).

Viscosity increasing agents in external agueousghsodium alginate (ISP Alginates
Ltd., Cosmetics grade), carbomer (BF. GoodrichEBh4th).

Six different compositions were prepared duringdgkperiments. A model substance -
Urea (Honeywell Co. Belgium, Ph.EUf¥was used in the inner aqueous phase of the
compositions (8 m/m%) in order to simulate the osenpressure change induced by the
active ingredient, and a model active agent - Ketanhydrochloride (Calypsol, Richter

Ph.Eur.f) was used in the aqueous phases of the compas{tlom'm%).

Methods
Emulsion preparation

Multiple w/o/w emulsions were formulated with ortefs and two-step technology.
The oil phase containing the surfactant and theeagg phase were heated separately to 75
°C, in case of the one step technology. The oisphaas then added to the aqueous phase.
The emulsion was homogenized for 5 minutes andecodbwn to 25°C while gentle stirring,
and thus a multiple yo/w; emulsion was obtained which was stabilized by iipeid crystal
phase. The stirring rates used were: 1000, 400@0,8A3500 rpm (BIOMIX LE-
402/LABORMIM, Hungary, DI 25 IKA-VERKE GmbH. Germgh The result is the direct
emulsification of oleosome-containing emulsions.

The two-step technology started with the prepanatiba simple wo emulsion, by
adding the waqueous phase to the oil phase containing the pidioc surfactant. Both
phases were heated separately to 75 °C and theedmiter the homogenisation process
(2000, 4000, 8000,13500 rpm), the emulsion wasetbalown to room temperature with
gentle stirring. This wo emulsion was dispersed — at a low stirring (a8 rpm) — in the w

aqueous phase at room temperature.



Optical observations

A computerized image analysing device connecteallight microscope was used for
the microscopic observations (LEICA Q500MC Imagedessing and Analysis System,
Leica Cambridge Ltd, U.K.). The type and size dhsiion of the multiple emulsion droplets
were examined at 100x magnification. The oil drtplend the inner water droplets were
counted and the diameter of the droplets was detedhin all cases. The number of simple
and multiple droplets were counted per slide, drednhultiple character was calculated in %.
The homogeneity was characterized by means ofrthyged diameters.
Thermoanalytical measurements

The emulsions were studied without dilution andqened with a DSC8Z1(Mettler-
Toledo GmbH, Switzerland) DSC (heat flux) instrumd&rhe samples were first cooled down
from 25 °C to —60 °C, and then they were heateadslieup to 25 °C in hermetically sealed
aluminium pan. The heating/cooling rate was 5 °@/riihe weight of the samples wast10
mg, the measurements were performed in a nitrogedium. An empty pan was used as a
reference. The calorimeter measured and recordechélat flow rate of the sample as a
function of temperature, while the sample underwkataforementioned cooling and heating
procedure. The instrument also determined the tedat transferred in the observed thermal
processes. The enthalpy changes associated witmahdransitions were evaluated by
integrating the area of each pertinent DSC peak.pdak areas were evaluated with using the
STAR® Software.
Rheological investigations
Rheological measurements were carried out with @&oBtress 1 HAAKE rheometer
(ThermokElectron, Germany). The rheological analysese carried out with non-diluted
multiple emulsions. The shear rate was increasad f to 100 1/s (up curve) and decreased
from 100 to O 1/s (down curve) in the CR mode;dbeation of the experiment was 60s. The
temperature of the sample was 25 +0,1°C. Sheassivas recorded as a function of the shear
rate (flow curves). The shear rate dependence wsasribed with the Casson mathematical
model.

The investigations during the storage time werdopered 1 day, 1 month and 1 year
after preparation. The relative viscosity was clali@d by means of the viscosity of the
external aqueous phase (14mPas), which was detmwvith Brookfield viscosimeter

(2spindle, 50 1/s, 25°C; water+ionic surfactanti¢®amer 407).



In vitro release testing

Franz vertical diffusion cell system (Hanson Rese&o0., USA) containing six glass
cells, and equipped with an autosampler (Hansomddtte Autosampling System) was used
during the in vitro release testing process. Theador diffusion was 1,767 cm2, and the
receptor chamber volume was 7 ml. Cellulose acetaenbranes (Porafil, Machenerey-
Nagel, Germany) with an average pore size of (udbwere used. Pre-treatment of the
membrane by soaking in the receiving medium wadopeed. The experiments run at
25+0.5 °C and the receptor medium was phosphate bif€5.4). 80Q samples were taken
after 0,5, 1, 2, 3 4 and 5h. The absorbance wasureé by UV spectrophotometer (Unicam
Helios a UV-vis Spectrophotometer, England) at 269nm basegbrior calibration curves.

The blank vehicles without active agents servefesences in the analytical measurements.

RESULTS AND DISCUSSION

Light microscopic image analysis

The light microscopic images revealed that the typéhe multiple systems and the
size of the droplets depended on the preparatidhadeThe microscopic images showed two
types of multiple emulsions: in case of the emulsionade by the one-step process several
small inner drops of water were seen in the oilpthts (type B), while in the two-step
emulsions contained mainly one inner water dropiétin the oil droplets (type A). Droplet
size decreased with the increase of the stirriig vsed during preparation. The average
diameter of oil droplets in the one-step emulsieaised between 5-20n; while the diameter
of inner drops of water ranged between 0.54h0The diameter of the oil droplets in two-
step emulsions ranged between 8 — depending on the stirring rate — and an innep of

water with a greater diameter of about 0.8y could be seen in Figure 1.

Fig. 1 a

Figure 1: Microscopic photograph of multiple emolss made by one-ste@) @nd two step
(b) procedures. Magnification 100x was used durirgriicroscopic observation.



Droplet size analysis:

According to the data of droplet size analysisydis found, that the average diameter
of oil droplets in one-step emulsions was largemthn the two-step technology system.
Although the data alone — without microscopic phgoaphs — do not show that the droplet
structure is different.

It can be concluded on the basis of results, thatetwas no difference seen in these
systems with different polarity oils and the drdp#tructure. Moreover, the microscopic
examination revealed that in compositions prepawith Paraffinum liquidum and
Isohexadecane — non-polar lipophilic substancebe- number of multiple droplets was

considerably lower, thus these were not examingia REC.

The effect of entrapped drugs on the structurewfiple emulsions
A) Urea

Multiple emulsions made by two-step technology (@Ofpm) with oil phase
containing avocado oil and corn germ oil and contg urea (8m/m%) in the inner water
phase remained stable for half a year period ahr@anperature. The presence of urea had a
great impact on the droplet structure at the tirh@reparation numerous small inner water
droplets arose instead of one bigger droplet. Rustorage the water droplets flow into a
larger droplet, then by the gradual increase ofabmotic pressure the membrane of the oil
phase breaks up leading to mixture of the two agsi@hases.

B) Ketamine-hydrochloride

The presence of the ketamine-hydrochloride in theeii aqueous phase (its ionic
character) changes the osmotic pressure, conséyjtleatstructure changes in the system
made by two-step technology (8000 rpm) with oil gghaontaining avocado oil and corn
germ oil. Ketamine-hydrochloride (1m/m%) is onlclided in the inner water phase. The
breakage of the oil phase and flow out of the ireguieous phase began immediately after
preparation, which could be followed both microscallty and macroscopically (Figure 2.).

Modifications in the composition were needed ineorélo overcome this stability
problem. The osmotic pressure between the two agu@bhases was balanced and the
guantity of polymer - which increases the viscositythe external aqueous phase - was
increased from 0.3m/m% to 0.75m/m%. This compasitemained stable even after 1-year

storage at 5°C.



Figure 2: Swelling and breakdown of multiple enisi

Figure 2 shows the influence active agent presémabe inner aqueous phase of

multiple emulsions; the oil droplets break up, afeelling.

Thermoanalytical method
DSC method

DSC methodology is a useful tool in order to getljative and quantitative
information about the structure of multiple emufsio
a) qualitative results

The DSC measurement carried out in w/o/w emulseampdes with steady cooling
demonstrated the presence of the two types of wateithe solidification of the external
agueous phase and that of the inner aqueous pbakeptace at different temperatures
(Figure 3). The size, changes in the size and igspgdearance of the second exothermic peak
represent the breakdown process of the multiplettre.
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Figure 3: Typical DSC curve of w/o/w multiple ennubs The first peak represents the
external aqueous phase (-18°C) and the second gieaks the inner agueous phase (-30°C)

The shape of the thermogram is in agreement wihdtioplet structure seen in the

light microscopic images. While in case of the step technology the second peak,



indicating the presence of the inner aqueous pleggmeared at about — 45°C, in case of the
two-step technology it could already been detebttdieen —30 °C and —40 °C.

b) quantitative results
The proper stirring rate can be chosen on the lodsie results. The greatest enthalpy

change 4H") was measured at the stirring rate of 8000 rpnh lith the one-step and the
two-step technologies, so the mass fraction ofrther aqueous phase (°X) was the greatest
in this case. This finding mirrors the results a€rascopic homogeneity investigation.

The presence of the dissolved urea influenced yimardic equilibrium of the w/o/w
multiple emulsions. Upon the effect of the dissdlveaterial in the inner aqueous phase, the
equilibrium between the inner and external aqugahases changed as an osmotic pressure
difference arose between them. The increase afdbend peak indicated the migration of the
external aqueous phase into the inner aqueous.phase

The DSC method was used also for studying thel#jabf the formed systems. The
enthalpy data of the inner aqueous phase was daginm urea containing emulsions 1 hour,
2 weeks, and then 1, 3, 6 months after preparafibe.value ofAH" . ,omobtained during the
DSC measurement increased with time for 1 montti then it decreased. The reason for this
is, that after 1 month, the water migration frone thxternal water due to the dissolved
material in the inner agueous phase, resulted ¢h sugreat increase in the diameter of the
inner droplets that the swelling droplets bursteel il membrane. The breakage of the oll
film led to the mixture of the two aqueous phadésis the number of multiple droplets
decreased, which was indicated by the decreasetlvalpy change (Figure 4). These results

correlate with the rheological measurements.

Storage stability study of w/o/w emulsion with
urea
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Figure 4: Specific freezing enthalpy data (detemwlirby DSC) of w/o/w multiple emulsions
(urea incorporated) made by two-step technologysuesd after different storage time.



Rheological investigations

The rheological measurement was done partly asstasvaluable tool to characterise
pharmaceutical and cosmetic emulsion systems; udim order to compare the resulting
data with other methodologies also referring todtnactural properties of these systems.
W/o/w emulsion with one-step technology

The flow curves in case of w/o/w emulsion with thigen composition made with
one-step technology show pseudoplastic — thixatrapehavior. The vyield point was
determined from the downward curves because iectsflthe circumstances during the
utilization and storage better. The Casson’s matteal model was fitted to these flow
curves. The flow curve shows a hysteresis loop. fhireotropic area provides qualitative
information about its time dependence and it ispprbonal to the investigated work
necessary to change the structure. On the basieafata in case of one-step technology, it
can be declared that in emulsion with non-polas thk tixotropic area is the smallest, so the
shortest time is needed to rebuild the structurth@se systems. Furthermore, in case of all
three systems the tixotropic area decreases a th#n increases at 8000rpm. The
apparent/Casson yield point values can be corcehatdh the values in the tixotropic area in
case of one-step technology.

W/o/w emulsion with two-step technology

The investigated multiple emulsions produced by tWwe-step technology show
structural viscous flow behaviour and were not tli@gpic systems. In these cases, the
viscosity decreases when the shear rate increBlsissbehaviour is called shear-thinning.

The viscosity of the emulsions increases with iasieg the stirring rate. This can be
explained by the fact that the higher the stirnatg, the smaller the oil droplet size, which is
also confirmed by the data from droplet size analyBherefore the system is more compact,
so the viscosity increases.

The influencing effect of different active agentnde traced also with rheological
investigations. | studied two active agents wereawvith hydrating function, often used in
cosmetic industry, and ketamine hydrochloride usegharmaceutical preparations. Both
agents were incorporated in emulsions containingcago oil and corn germ oil prepared

with two-step technology.
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Investigation of multiple emulsions containing urea

The viscosity of systems increases gradually afteparation, and after achieving a
maximum value, it decreases. The background ofishilse hydrostatic and osmotic pressure
difference between two sides of the oil membrarsailting increase in the volume of the
inner aqueous phase. This growth lasts till thetiplal droplets breaks up. This process is
followed by the viscosity decrease. Figure 5 illatgs the viscosity changes during storage,
also correlating with the DSC measurements (Figire

Viscosity as a function of storage time for multiple
w/o/w emulsion
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Figure 5: Viscosity as a function of storage timerhultiple w/o/w emulsions containing urea
in the inner aqueous phase. The viscosity was measu shear stress of 10 Pa (25°C) and
relative to the viscosity of external continuousi@ous phase.

Investigation of multiple emulsions containing keti@e hydrochloride
The consistency of multiple systems in the preseketamine hydrochloride

remarkably changed.

Based on the results of the rheological investigestj it can be concluded — in
conformity with the results from the former twouwsttural analysis methods — that the flow
and viscosity curves were observed in any casacaordance with the structure changes
mechanism (swelling, break up) during storage. BDHBC method and the rheological
analysis show that the inner aqueous phase redithdargest size after 1-month storage. In
case of DSC method the greatest enthalpy chaxtd&) can be observed, while the viscosity
is the highest at this point. These phenomena easebn in microscopic photographs a

result, the optimum process conditions for varioustiple emulsions were obtained.
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In vitro release test

Based on the structural evaluation studies, aestafib/w, emulsion prepared by the
~IWO step” technology was chosed for in vitro rele@xperiments.

The freely water soluble active agent was incongaranto the aqueous phases (inner,
external) of the multiple emulsion in order to carpthe release profile of the simple and
multiple systems containing same amount of theva@gent.

75 % of the drug dissolved in the multiple emulsieleased during the 5 hours experimental
period, while only 37% from the simple one.

As these emulsion systems are mainly used as tgmieparations used on the skin,
our results are shown also as the released drugramer a unit area.

Significantly more drug released from the w/o/w ésman that from the w/o emulsion
after 5 hours period. Differences between thesssrate mainly due to the differences in the
rheological parameters of the systems and dueddaétt, that the drug is present in the
external aqueous phase. This drug amount releagpgdly;, achieving the function of the
.loading dose”, and this is followed by the contius drug release from the inner aqueous
phase. In case of simple emulsion the drug is bisddn the inner phase — therefore both the

release rate and the released drug amounts areJathé the investigated time period.

CONCLUSION

A properly documented laboratory development wéproducible data measured by
validated methods is of great importance in botd ffharmaceutical and the cosmetic
industry. Each product gets its own file where pheameters under investigation are recorded
(standard value determination), which is followenlidg production and quality control.
According to a general formula, the steps of prodievelopment are as follows: 1) idea, 2)
preparation in laboratory, 3) pilot production af)dnanufacturing
Since multiple emulsions are very complex and sieessystems, it is essential to choose and
develop proper evaluation methods and to standattetesting parameters.
The using of structure analysis methods in thesmof product development are the follows:
|. Preparation of w/o/w emulsion with an active rige
[l. Examination the structure and stability of nipik emulsions
A) Investigation with light microscope connectedwimage analysis

The microscopic examination follows the realizataira product from the production

to stability testing during storage.

Testing parameters:
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a) formation of multiple emulsions
b) type and number of multiple droplets
c) droplet size analysis
d) change occur during storage (stability test)
e) the effect of entrapped active agents on mel@phulsion
B) Rheological investigation
Consistency investigation:
a) plot and evaluation of the flow and viscosityveu
b) set up correct viscosity
c) follow changes during storage (consistencydase or decrease)
C) DSC investigation
Testing parameters:
a) check formation of multiple emulsion (2 peakshie thermogram)
b) determination of volume fraction of inner aquephase
c) check quality (disappearance of the second paak)quantity (decrease of the volume
fraction of the inner aqueous) changes
Using the three structure analysing methods togéiieeformation of a stable multiple
emulsion can be investigated, in which system thenges during preparation, storage and
transport can be traced properly. According to macfical knowledge, these investigation
methods meet the demands of the cosmetic industagt;- exact, low cost production and

control — and provide precise description in cadsswlying semisolid systems.

SUMMARY

The aim of this research work was to specify thé rof different structural
investigation methods in case of w/o/w multiple ¢sians.

It can be concluded by the results that iieroscopic observationsprovide several
direct and well-detectable information about thensstructures.

According to the data of droplet size analysisunio that the average diameter of oll
droplets in one-step emulsions is larger than & ttho-step technology system. The data
alone — without microscopic photographs — do notsthat the droplet structure is different.
Therefore droplet size analysis with microscopieleation can be accepted to describe the

multiple structures.
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There was no significant difference shown in theptlt structure using different
polarity oils; however the % of the multiple drofgievas lower in compositions prepared with
non-polar lipophilic agents (at constant surfactantcentration).

DSC methodwas found to be an adequate tool in case of nellémulsions:

* to quantitatively measure the mass fraction ofedéht agueous phases,
* to detect the relationship between the stirringe rahd the mass fraction of inner
agueous droplets,
* to give a feedback for the formulation technologydharacterizing the structure of
multiple emulsions,
» to follow the microstructural changes occurringidgrstorage.
Consistency changes in the structure were followitll the aid of the rheologyrheological
investigations mirrored the results from the above mentioned twalydical methods. The
character of the flow and viscosity curves wereaatordance with the structure changes
mechanism (swelling, break up) during storage. BD®HBC method and the rheological
analysis show, that the inner aqueous phase re#tthdargest size after 1-month storage. In
case of DSC method the greatest enthalpy chaxtd&) can be observed, while the viscosity
is the highest at this point. These phenomena ea®eén also in microscopic results.

Drug releaseprocess was also measured in case of a seleatgabsdion in order to
evaluate the structural changes caused by the poraied active agent. The differences
between release rates represent the differencebeirrheological features and different
structures within the systems.

The combination of the above mentioned microscaogiermoanalytical, rheological
and drug release methodologies are needed in doderompletely characterise w/o/w
emulsions. The preparation method, the compositind the nature of the drug greatly
influence the internal and external aqueous ratibsrefore modifying the drug releases
process.

The joint use of the above mentioned methods peosidapid and efficient procedure
for the formulating expert, and then the requirechposition and production technology can
be chosen. Using these techniques, the optimizaifothe investigated systems with the
desired properties becomes feasible.

| suggest the involvement of these methodologias oth pharmaceutical and
cosmetic industry in research&development phaseeakas in the method of manufacture

development.
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