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Abstract

Water-in-oil microemulsion electrokinetic chromatography has been applied to the separation of a range of acids, bases and neutrals and
is especially suitable for very water-insoluble drug compounds. A number of operating parameters were evaluated. An optimised set of
operating conditions allowed separation of a range of pharmaceutical formulations containing water-insoluble compounds. A number of novel
applications for W/O microemulsions were developed and ability to quantify drug contents in tablets and a cream was shown with good
precision, detector linearity and accuracy. Comparison of obtained data with those determined from a HPLC method showed acceptable
agreement.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction or very water-insoluble alcohols e.g. (pentanol and butanol)
which would form two phases without the addition of surfac-
Microemulsions are made from water, an organic solvent, tant. These microemulsions are composed of water, surfactant
a surfactant and co-surfactant and contain nanometer-sizedand possibly a co-surfactant or additional oil phase. The ad-
spherical droplets. Microemulsions can either consist of wa- dition of these oils phases decreases the surface tefi€pn
ter droplets in an oil continuous phase (W/O) or oil droplets and forms a more stable microemulsion. A central core of wa-
in water continuous phase (O/W), which are known as L1 teris surrounded by surfactant (and co-surfactant) molecules,
and L2 phases, respectively. Phase diagrams are often usedhich forms a droplet in the o[B]. The water solubilising
to map the composition of W/O and O/W microemulsions. capacity is strongly dependent on the surfactant/co-surfactant
Fig. 1shows the L1 and the L2 phases where the composi- ratio. If the co-surfactant concentration is too high this will
tion of the microemulsion is determined. Microemulsions cause separation into two liquids. Excessive surfactant con-
have unique properties as separation media and have beenentration causes formation of a liquid crystalline phase.
successful in the separation of a range of analytes in both The expected advantage of employing W/O microemul-
high performance liquid chromatography (HPL{C)-3] and sions is that highly water-insoluble analytes can be read-
microemulsion electrokinetic chromatography (MEEKC) ily solubilised due to the high concentration of oil in the
[4-18] W/O microemulsion. For examplgs] analysis of highly
W/O microemulsions are directly related to inverse mi- water-insoluble solutes such as steroids and complex aro-
cellar solutions. The basis of the microemulsion structure is matics require modifications to O/W MEEKC compositions
obtained from the association of two or three components as they are insoluble in the typical O/W microemulsions
within the oil. The oil phase consists of long chain alkanes employed.
The use of W/O MEEKC has only recently been reported
* Corresponding author. Tel.: +353 51 845504, [19] by us with a preliminary study of the factors affect-
E-mail addressmbroderick@wit.ie (M. Broderick). ing selectivity. Separation selectivity in W/O MEEKC was
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;/é r 2. Experimental
100% -ﬁ‘g ./

Butanol+Octane ::B H,0 g:; An Agilent 3D-CE capillary electrophorefs,is system
1.2 Phase F’. O\ (Waldbron, Germany) was used. Organic chemicals were ob-

/p?\ tained from Sigma-Aldrich Chemie GmbH (Steinheim, Ger-
many). Water was obtained from a Waters Milli-Q system.

Capillaries were purchased from Carl Stuart Ltd. (Dublin,

Ireland). New capillaries were pre-conditioned with 0.1 M

sodium hydroxide for 30 min before initial use. Separations

were performed on a 33cm long, ph internal diameter

L1 Phase

ormal

100%, 100% fused silica capillary (detection window at 24.5 cm). The cap-
ate SDS . . E .. . .
Water Sbs illaries were rinsed between injections with 0.1 M NaOH for
Fig. 1. Schematic representation of a partial ternary phase diagram of the 2 min fOHOW?d by 2min with methanol and f'”fi“y 2 min .Of
SDS, butanol/octane, water outlining the L1 and L2 phases. microemulsion buffer. A standard set of operating conditions

was developed as areference point. The effect of varying each
operating condition was monitored to obtain an optimum set
of conditions.
shown to be manipulated by temperature, surfactant and
co-surfactant composition. The separation order obtained in2 1. Preparation of the microemulsion
W/O MEEKC was not directly related to Id® Therefore
unique selectivities were obtained when compared to con-  W/O microemulsions were prepared by weighing the ap-
ventional O/W MEEKC. This difference is due to different propriate ratio of Components to form different microemul-
solute partitioning and dissociation in the W/O and O/W mi- sion composition. The SDS, butanol/octane, water system
croemulsions. was determined from the phase diagram in Fig. 1. The mi-
In the W/O microemulsion there is no solute dissocia- croemulsion was prepared by addmg 10% (W/W) SDS, 2%
tion as there is no available protons in the predominately (w/w) octane, 78% (w/w) butanol and 0.07 M sodium ac-
non-aqueous microemulsion. Solute dissociation will occur etate pH 8. The order of addition was found to be impor-
in O/W MEEKC if the solute has a suitable functionality. tant in the formation of the microemulsion. Initially the
Separations in O/W MEEKC have electrophoretic and ion- syrfactant was mixed with the oil, and then the water was
pairing influences for charged solutes. The hydrophobicity added. This sequence was to ensure that the system does not
(logP) of the analyte is an important physicochemical param- pass through an emulsion phase, which may be difficult to
eter in both W/O and O/W MEEKC. Hydrophilic compounds  preak. This mixture was sonicated for 30 min to aid disso-
would be expected to be the most retained in W/O MEEKC |ytion and an optically transparent W/O microemulsion was
as the more hydrophilic analytes will be solubilised by the fgrmed.
water droplet and reside predominantly in the microemulsion

water droplet. 2.2. Sample preparation
The purpose of this study was to extend the previous pre-
liminary assessment of W/O MEEKC. Further selectivity op- All components were dissolved in the microemulsion

timisation of this system is obtained by either varying the puffer at 1 mg/ml. These were all sonicated for 15 min.
microemulsion composition or by adding organic modifiers
to the system. 2.3. Preparation of microemulsion with organic modifier
A range of pharmaceutical analysis applications were de-
veloped and quantitative determinations demonstrated. Use  The microemulsion was prepared by adding 10% (w/w)
of W/O MEEKC offers the possibility of drastically reducing  sps, 294 (w/w) octane, 78% (w/w) butanol, and 10% (w/w)
preparation time and the large amounts of organic solventsp.07 M sodium acetate to form a stable microemulsion. Or-
used to solubilise water-insoluble compounds. ganic modifier was added from 5 to 25%. Addition of 5%
Very few examples of the analysis of creams by CE organic modifier was added at 5% (w/w). All concentrations
have been reported. Optimised MEKC methods were neededfrom 5 to 25% of methanol, propan-2-ol and acetonitrile were
Levels of the particularly water-insoluble compound hy- prepared in the same way.
droquinone, present in skin-toning cream, were determined
[20] using SDS-based electrolyte containing 10% methanol. 2 4. Separation conditions for MEEKC
Methanolic solutions of Topsym cream (which contains 0.5%
ofthe steroid, fluocinonide) were directly analy$2t] using Hydrodynamic injection at 50 mbar for 1 s and some quan-
a pH 9 phosphate-borate buffer containing 100 mM sodium titation work was carried at 20 mbar for 3 s. The polarity was
cholate. The applicability of W/O MEEKC for this type of  reversed and a voltage ef30kV was applied with diode
analysis will be assessed. array detection at 200 nm. The reference channel was set
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at 450 nm with an 80 nm bandwidth. Reversing the polarity =~ Butanol W/O microemulsion showed better separation of

meant that the anode was beyond the detector. The operatin@nalytes compared to pentanol microemulsion. Butanol has

temperature was 2% unless otherwise stated. a lower viscosity and therefore generates a significant cur-
rent compared to pentanol. lons are not able to move fast in
higher viscosity solutions and therefore less current is gen-

3. Results and discussion erated.Fig. 2 shows the separation of a test mixture using
butanol as the oil with octane as additional oil phase. These
3.1. Method optimisation five components co-eluted in a pentanol/octane system.
The replacement of octane with heptane as additional oil
3.1.1. Microemulsion composition and physical phase markedly changed the selectivity of the butanol system
characteristics and slightly reduced the migration time of the butanol heptane

From previous brief studield9] it was known that tem-  system as seen fig. 3
perature, surfactantand co-surfactant concentrations affected The addition of heptane to the pentanol system improved
selectivity in W/O MEEKC. The effects of other additional  the separation and gave some resolution. The sum of the car-
operating parameters were evaluated. Microemulsion com-pon chain lengths of both heptane and pentanol equals the
position was varied and organic modifiers were added to the chain length of surfactant SDS with a carbon chain of 12.
W/O microemulsion. A series of microemulsion composi- This makes the composition of pentanol and heptane more
tions, were formed in the development of partial phase dia- stable then pentanol and octane and which gave rise to better
gram of butanol, octane, SDS and water. The physical dataseparation between the components in the mixture. The ad-
for the optimisation of W/O microemulsion were determined. ditional oil phase is beneficial in the microemulsion system
From the data an increase in current was shown to dependand depending on carbon chain length changes the selectivity
upon the surfactant water ratio. Increasing surfactant con- of the components in the mixture.
centration and decreasing water concentration increased the
current generated by the system. Maximum current was gen-3.1.3. Surfactant and water concentration
erated by composition of 6% SDS and 14% water; this was  The surfactant SDS concentration was previously reported
also confirmed from conductivity result. The largest particle [19]to have a profound effect on the retention and the resolu-
size is recorded for the optimal system, which is the most tion of the test mixtures in W/O MEEKC. There is a relation-
stable, where the least repulsion on the droplets is experi-ship between the water concentration and SDS concentration.
enced. A low surface tension is also recorded for this systemAs SDS concentration is decreased it must be balanced by an

of 23.65mN T, increase in water concentration. Altering the surfactant and
water concentrations affect8gble J the physical properties
3.1.2. Type of oil and additional oil phase of the W/O microemulsion.

In W/O microemulsion octane is the most frequently From the physical property results Table 1and experi-
employed oil. In this experiment use of the butanol and mental evaluations of SDS, butanol, octane, and water com-
pentanol as oils also assessed. Octane and heptane weneositions it was observed that the lowest amount of water
assessed as additional oil phases to both the butanol andequired to form a microemulsion was 8% (w/w) determined
pentanol microemulsions to improve microemulsion stability from the phase diagram. It was necessary to increase SDS
and identify any impact on selectivity. content to accommodate lower water contents. Increasing
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Fig. 2. Separation of the test mixture by W/O MEEKC. 1 mg/ml acid, basic and neutral separation test-mix. Separation conditions: sample injected for 1
at 50 mbar 10% (w/w) sodium dodecyl sulphate (SDS), 78% (w/w) butanol, 2% (w/w) octane, 10% (w/w, 0.07 M) sodium acetate buffeBRKV3,
33 cmx 50um ID capillary (detection window at 24.5 cm), 26, 200 nm.
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Fig. 3. Separation of test mixture of charged and neutral solutes by W/O MEEKC. Separation conditions Bgn2asept 2% (w/w) heptane instead of
octane.

Table 1

Physical data along the 80% line of the butanol, octane, SDS, water phase diagram

Composition SDS (%) Butanol/octane (%) Water (%) Current Conductivity Particle size (nm) Surface tension
(wA at —30kV) (wSlcm) (MNm1)

1 0461 80/2 1%639 -2.7 117.6 23.89

2 0.469 80/2 1%31 -3.6 117.2 23.71

3 1 80/2 19 -54 220 1.83 24.07

4 2 80/2 18 -89 356 24

5 4 80/2 16 -112 482 24.05

6 6 80/2 14 —136 581 0.55 235

7 10 80/2 10 -10 510 2.86 23.65

8 12 80/2 8 —113 453 20.65

SDS concentration increases conductivity and lower surfacethe system. Sodium dodecyl sulphate (SDS) is the most fre-
tension. The 12% SDS, 78% butanol, 2% octane, 8% waterquently used surfactant and is anionic with C12 carbon chain
composition gave the best resolution; however, this formed length.
liquid crystals after a week of storage. The microemulsion  Sodium caprylate, anionic surfactant has been used to re-
containing 10% water was physically stable and gave accept-place SDS. Sodium caprylate (SC) (chain of C8) gave the
able separation performance and was considered optimal. same selectivity as SDS, which was previously reported. The
separation with sodium caprylate gave much better reso-
3.1.4. Surfactant type lution between the peaks but comprised the short analysis
The choice of surfactant has a marked effect on the separatime seen irFig. 4 The separation of the test mixture was
tion achieved in MEEKC, as it influences the droplet charge three times longer than with SDS as the surfactant. The cur-
and size, level and direction of the EOF and ion pairing in rent generated with sodium caprylate was lower than SDS
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Fig. 4. Separation of test mixture of charged and neutral solutes by W/O MEEKC. Separation conditionsignieasept 10% (w/w) SC (sodium caprylate)
instead of SDS.
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microemulsion. Baseline noise was increased also with use ofmicroemulsion containing no methanoH@8 A with 25%
caprylate. methanol. The use of methanol addition in W/O MEEKC
A cationic surfactant cetyl trimethylammonium bromide was considered useful as it gives excellent peak shape and
(CTAB) was substituted for the anionic surfactant SDS. It resolution at the expense of increased analysis tiige 5A
successfully formed a microemulsion but did not give good shows the separation with 5% methanol dfid. 5B with
separation. A chiral surfactant deoxycholate was substituted25% methanol with excellent resolution.
in the composition instead of SDS but failed to give separa-
tion. 3.1.5.3. Acetonitrile.The migration times of the analytes
Substitution of anionic SDS with anionic SC changed the decreased slightly with increases of acetonitrile to 15%. Ad-
selectivity but did not further optimise the system. Substi- dition of concentration of greater than 15% increased both
tuting cationic surfactant did not give good separation of the the migration time of the analytes and resolution between
analytes. SDS was determined to be the optimal surfactant. the peaks. The maximum amount of acetonitrile added to the
system is 25%. Acetonitrile is considered a useful organic
3.1.5. Addition of organic solvents solvent to slightly improve resolution.
The addition of organic solvents is usually performed in
CE to improve solubility of solutes of high hydrophobicity. 3.1.6. Separation of neutral, acidic and basic solutes
In MEKC and O/W MEEKC addition of an organic mod- In our previous[19] work the solute range was limited
ifier increases the affinity of the solute for aqueous phase.to four neutral analytes and one charged (acidic) analyte in
The addition of organic modifier to the W/O microemulsion W/O MEEKC. In this work the range of analytes has been
partitions with both the aqueous phase and oil phase. Thegreatly extended. For examptgy. 6shows the simultaneous
polar nature of these solvents allows them to partition with separation of water soluble and insoluble acids (sorbic,
the aqueous droplets; there is slight partitioning of the short benzoic), bases (acyclovir, lamotrigine, bupivacaine) and
chain alcohol into the butanol continuous oil phase. Organic neutrals (thiourea, naphthalene, 4-hydroxyacetophenone,
modifier will change the migration rate and the capacity fac- caffeine). The migration of the neutral solute components
tor. Methanol and propan-2-ol are more viscous than water depends solely on their interaction with the moving mi-
and reduce any low residual EOF, which expands the separa<croemulsion droplets. Their migration order was found not
tionwindow in MEKC and O/W MEEKC. Acetonitrileisless  to related to their lo§. The pH of the droplet was between
viscous than water and has variable effects on the separatior8 and 9 and therefore the acids should be partially or fully
window. negatively charged whilst the bases should be partially or
fully positively charged and migrate with different inter-
3.1.5.1. Propan-2-olAs the microemulsion being studied action of the moving droplet and the EOF velocity. Acidic
consisted mainly of butan-1-ol the addition of propan-2-ol analytes and basic analytes will separate by a combination
makes the system more stable as it acts like a co-surfactanbf mechanisms: free mobility of the solute and partitioning
and does notdisruptthe water droplet. Thisis differentto O/W and ion-pair interactions with the moving droplet whilst
microemulsion where the addition of propan-2-ol causes the under the influence of any low residual EOF.
oil droplet to swell and disrupt. A range of concentrations During these investigations a range of other solutes were
from 5 to 25% of propan-2-ol was added to the W/O mi- successfully separated including the highly water-insoluble
croemulsion. Migration times increased with propan-2-ol antibiotic cefuroxmine axetil, Vitamin E and also a range of
content. The migration time for bupivacaine was 13.5min highly water-insoluble steroids (fluticasone proprionate and
with no propan-2-ol, 15 min with 5% propan-2-ol and 30 min beclamethasone di-proprionate)
with 25% propan-2-ol. Poor peak shapes and efficiencies
were obtained. The use of propan-2-ol was not considered3.2. Analytical performance and application of W/O
to be advantageous due to the excessive migration time in-MEEKC
creases and poor peak shape.

The development of a stable water in oil microemulsion
3.1.5.2. Methanol.The maximum amount of methanol that and a standard set of MEEKC operating conditions have
can be solubilised in O/W microemulsion is 15% (V¥4 shown to be applicable to water-insoluble drugs, and creams.
before the microemulsion becomes destroyed. This percent-These drugs and creams are not readily soluble in aqueous
age is higher with W/O microemulsion and microemulsions systems and so would normally have to be extracted into or-
containing 0-25% methanol were assessed. The additionganic solvents. Typically a solvent extraction is needed to
of methanol considerably increased resolution between theremove the oil soluble materials to prevent interference and
peaks at the expense of an increased analysis time has imprecipitation. Methanol has frequently been used in the sam-
proved greatly with addition of increased concentration of ple preparation process. O/W MEEKC do not normally suffi-
methanol. ciently solubilise water-insoluble drugs and solvents such as

The dielectric constant of methanolis also high which gen- methanol are needed for the preparation step to dissolve the
erated an increase in current. From a currert D® A, for a drug prior to dilution with the microemulsion. There can be a
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Fig. 5. Separation of acid, base and neutral components in W/O standard microemulsion with the addition of (A) 5% methanol and (B) 25% methanol by W/O

MEEKC. Separation conditions samefég. 2

significant problem with this method as O/W microemulsion nature of the steroid normally requires a solvent extraction
can only solubilise up to 8% methanol before the microemul- process to remove it from the agueous nasal spray liquid. Use

sion disrupts. of O/W microemulsion as the sample diluent and separation
medium ensured direct compatibility avoiding a sample ex-
3.2.1. Applications traction process.

3.2.1.1. Fluticasone proprionate in Flon&saqueous nasal

spray. Fluticasone propionate is a highly insoluble neu- 3.2.1.2. Separation of highly water-insoluble sunblock
tral steroid and is the active ingredient in Florfaseasal filters in sunscreen lotionPreviously Klampfi[18] sepa-
spray. The nasal spray contains three preservatives includtated the UV filter components such as Eusolex 4360 and
ing a paraben in the formulatioRig. 7shows the separation ~ Eusolex 6300, which are present in sun tan lotions by both
achieved. The sample was obtained from a commercial source1PLC and O/W MEEKC methods. These filter components
and standards of the preservatives were unable to confirm@reé water-insoluble polyaromatic compounds. Both O/W
the identity of the preservative peaks. The highly insoluble MEEKC and HPLC required extensive sample preparation
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Fig. 7. Separation of fluticasone proprionate in FloRasgueous nasal spray in W/O standard microemulsion by W/O MEEKC. Separation conditions same
asFig. 2except 254 nm.

of the milky lotions which involved extraction and dilution ically requires the use of glacial acetic acid for sufficient
step. For example for O/W MEEKC analysis, the sample solubilisation.

was prepared in 20ml of THF, sonicated for 25min the The quantitative performance of a single W/O MEEKC
sample was filtered and then and the sample was dilutedmethod for analysis of these active three components was
(25:1) with microemulsion before analysis. Analysis of assessed. Internal standards are frequently employed in CE
sunscreen samples was found to be directly possible withto improve injection precision. Benzoic acid was found to be
W/O MEEKC as the samples were completely soluble in the suitable internal standard for both bumetanide and atenolol.
W/O microemulsionFig. 8shows the analysis of a commer- Thiourea eluted before etofenamate and was used success-
cial sunscreen lotion sample showing three sunblock filter fully as an internal standard for the etofenamate content
components. Samples were directly diluted with the W/O present in Flexii cream. Ten injections of various solu-
microemulsion and injected into the capillary with no sample tions were performed to demonstrate the injection precision

pretreatment. ofthe system. Peak area ratio (PAR) precision was calculated.
0.5mg/ml solutions of both bumetanide and atenolol were

3.3. Quantitation of active components in cream and used and a 1 mg/ml etofenamate solution was used. Good

formulations precision was obtained. Bumetanide giving a repeatability of

1.07% R.S.D., atenolol 1.1% R.S.D. and etofenamate 0.9%
Etofenamate is a water-insoluble neutral active ingredient which are all within the acceptance criteria.

present in Flexifl cream. Bumetanide is a water-insoluble The linearity of detector peak area with bumetanide con-
neutral compound present in a pharmaceutical drug formu- centration was determined over the range of 25-75% of the
lation. O/W MEEKC has previously been usg®] for the nominal sample of 0.5 mg/ml. The use of internal standard
separation of bumetanide from its related impurities but the improved the injection precision. The relative area of the
sample has to be first dissolved at 2 mg/ml in 80% methanol. atenolol peak was also shown to have good linearity over
Attempts to analyse the ointment with O/W MEEKC were the range 50—-150% of the nominal (0.5 mg/ml) concentration
unsuccessful. Atenolol is a water-insoluble drug, which typ- with a correlation coefficient value of 0.9992. Etofenamate
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Fig. 8. Separation of sun block filters in sunscreen lotion in W/O standard microemulsion W/O MEEKC. Sample injected for 1s at 50 mbar. Separation
conditions same dsig. 2except 214 nm instead of 200 nm.
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Table 2
Quantitative results determined by W/O MEEKC compared to label claim and results determined by HPLC
Label claim Content by W/O MEEKC Content of active by HPLC % R.S.D. for response
(mg/tablet or % (w/w)) factor (1=10)
Bumetanide tablets 1mg .98 097 1.07
Atenolol tablets 50 mg 50 58 11
Etofenamate cream 10% (w/w) 10 9.5-10.5 0.9

also gave good linearity with af value 0f 0.999 0f 50-150%  pharmaceutical formulations and merits further investigation
of the nominal 1.0 mg/ml concentration. and application.

The formulated samples were prepared by dissolving suf-
ficient sample to yield 0.5 mg/ml of both bumetanide and
atenolol active in W/O microemulsion. The actives were very Acknowledgments
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