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A Capillary Electrophoresis method was developed and applied successfully to test the quality of different
drug formulations for release and stability studies. In the method an uncoated fused-silica capillary was
employed containing a phosphoric acid buffer electrolyte which was brought to pH by triethylamine. The
benzalkonium chlorides (BAC-C12 and BAC-C14) present in the standard were completely separated from
each other and from the peaks of the main compound. Performance results of the method in terms of system
repeatability, precision and accuracy are discussed.# 1998 John Wiley & Sons, Ltd.
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INTRODUCTION

In a nasal drug solution formulation, the application of
gradient HPLC for the determination of the preservative
benzalkonium chloride was tricky due to column fouling
and lack of selectivity. For this reason a CE method was
developed and applied successfully to test the quality of
different drug formulations for release and stability
studies. The nasal solution formulation consisted of the
main compound: Alniditan (R091274), an isotonic agent,
a thickening agent, benzalkonium chloride (BAC) in
concentrations of 0.15 or 0.125 mg/mL, NaOH/HCl for
adjustment of the pH to 4.5 and water. Benzalkonium
chloride was extracted from the sample after precipitation
of a thickening agent and was injected hydrodynamically
by pressure injection.

EXPERIMENTAL

Chemicals.All solutions were prepared using ultra pure water.
Sodium hydroxide and phosphoric acid were purchased from
Merck (Darmstadt, Germany). Triethylamine was obtained
from Aldrich (Aldrich-Chemie, Steinheim, Germany).

Preparation of solutions. The buffer electrolyte (pH = 2.3)
containing 75 mM phosphoric acid and 42.7 mM triethylamine
was prepared by adding 2.5 mL of ortho-phosphoric acid (85%)
and 3 mL triethylamine (99%) in a 500 mL volumetric flask and
diluted to volume with water.Standard solution:accurately
weigh approximately 150 mg of benzalkonium chloride
reference material into a 100-mL volumetric flask. Dissolve

in and dilute to volume with methanol.Reference solution:
accurately weigh approximately 2.5 g of vehicle formulation
(formulation without benzalkonium chloride) in a 10-mL volu-
metric flask. Add 0.5 mL of the standard solution with a glass
pipette. Add 1 mL of sodium hydroxide 0.1N solution. Shake
by hand for 1 min. Dilute to volume with methanol/water (1/1).
Shake and centrifuge at 3500 rpm for 5 min. Transfer the
aqueous phase into a 10-mLglass tube. Sonicate for 3 min.
Sample solution:accurately weigh approximately 2.5 of a
sample solution in a 10-mL volumetric flask. Add 0.5 mL of
methanol. Add 1 mL of sodium hydroxide 0.1N solution. Shake
by hand for 1 min. Dilute to volume with methanol/water (1/1).
Shake and centrifuge at 3500 rpm for 5 min. Transfer the
aqueous phase into a 10-mL glass tube. Sonicate for 3 min.

Instrumentation. The analysis was carried out on a HP3D

Capillary Electrophoresis system at constant voltage of 15 kV
(95mA). The capillaries were ordinary fused-silica capillaries
of 75mm I.D., 35 cm total length and 28.5 cm effective length.
The zones were detected with a UV-detector at 215 nm. Sample
injection was performed by applying 35 mbar positive pressure
for 10 s. After sample injection a buffer plug was injected (2 s).
The electropherograms were recorded and integrated with a
HP3D-chemstation data processor.

System control. Prior to injection the capillary was flushed
with 0.1 M NaOH and the running buffer, both for 3 min. The
buffer vials were replenished with fresh buffer electrolyte
before each run.

Procedure.System suitability:inject the “reference solution”.
The compounds Benzalkonium chloride C-12 and Benz-
alkonium chloride C-14 are separated with a resolution factor,
Rs, of not less than 2.5. Make five replicate injections of the
“reference solution” and measure the peak-areas of the
compounds Benzalkonium chloride C-12 and Benzalkonium
chloride C-14. The relative standard deviation for Benz-
alkonium chloride C-12 is�2.5%. The relative standard
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deviation for Benzalkoniumchloride C-14 is �5.0%. The
relative standarddeviation for the sum of the peak-areasof
BenzalkoniumchlorideC-12andBenzalkoniumchlorideC-14
is �3.0%. Assay: inject the “placebo solution”. Inject the
“samplesolution”. Eachgroupof sampleinjectionsshouldbe
bracketedwith aninjectionof the“referencesolution”.Do not
exceed a total of 10 injections between the bracketing
“referencesolutions” injections.Calculationsare madeusing
thesumof thepeak-areasof thebenzalkoniumchlorides.

RESULTS AND DISCUSSION

In Fig. 1 electropherogramsobtainedfor the analysisof
F076alniditannasalsolutionformulationareshown.Fig.

1(a) is an electropherogramof the sampleblank, 1b for
the placebo formulation and 1c for a sample (F076
formulation). As can be observed,the benzalkonium
chlorides:BAC-C12 andBAC-C14 arenicely separated
from each other and from the peaks of the main
compound(R091274).

Systemsuitability criteria: the systemwasconsidered
suitablefor analysiswhen the systemprecisionand the
resolution factor betweenthe two derivativesof BAC
were in agreementwith specifiedmaximum and mini-
mumvalues.As canbeobservedin Tables1 and2, these
criteria are always met, with the exception of F071,
wheretheRsmin is 1.0.Accuracy: in Table1 theresultsof
theaccuracytestsareshown.Theaccuracywastestedby
analyzingsix spiked (100%) placeboformulations.As
can be observedin Table 1 the methodresultedin an

Figure 1. Electropherograms obtained for the analysis of a nasal formulation, (a) a
sample blank, (b) a Placebo formulation, and (c) a sample (F076) formulation.
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acceptableaccuracy.Analysisprecision:theprecisionof
the methodwas testedby analyzingsix independently
preparedsamples.As canbeobservedin Table2 theRSD
(%) of differentanalyzedformulasindicateanacceptable
precisionof themethod.It shouldbementionedthat the
amountsfound for benzalkoniumchloridein the formu-
lationsaresometimesout of specification(90%–110%).
The reductionof the benzalkoniumchloride concentra-
tion in thesamplesappearedto be causedby an adsorp-
tion of BAC onthestainlesssteelpropellerwhich is used
to mix the formulationduringpreparation.The formula-
tions F089 and F090 were not preparedusing such a
propeller but using a magnetic stirrer, therefore, the
amountfound in thesesamplesagreeswith theexpected
100%.Effect of the main compoundconcentration:the
shapeof thepeaksof BAC is affectedwhentheconcen-
trationof themaincompoundincreases.A deformationis
observedthat can be ascribedto a disturbanceof the
electric field within the capillary. Peakshapeimprove-

mentcanbeaccomplishedby usinglongercapillariesor
by samplestacking(GilgesandMostoe,1995).

CONCLUSIONS

The describedmethod appearsto be suitable for the
determinationof benzalkoniumchloride in the alniditan
formulationsandis thereforeappliedto testthequalityof
different alniditan formulationsin stability and release
studies.

Acknowledgment

The authors would like to thank Dr. Herman Van Belle for his
recommendations.

REFERENCES

Gilges, M. and Mostoe, S. P. (1995), The use of CE within
pharmaceutical chemical development. Presented at the
Seventh International Symposium on High Performance

Capillary Electrophoresis, 29 Jan±2 Feb. 1995, Wurzburg,
Germany.

Table 1. The accuracyof the method
Validation of Alniditan : R091274 formulations

Recovery in %

Formula R091274 (mg/mL) BAC (mg/mL) System precision n = 6 RSD (%) Rsmin = 2.5 (n = 6) RSD (%)

F071* 20 0.125 1.0 1.9 100.9 1.1
F076 10 0.15 0.7 3.0 100.7 0.6
F079 2.5 0.15 1.2 4.5 102.3 1.4
F080 5 0.125 1.6 4.0 100.2 1.1
F083 0 0.15 1.2 5.1 100.5 1.7
F089 10 0.15 1.6 4.1 99.6 0.4
F090 0 0.15 1.4 5.1 101.0 1.9
F093 30 0.125 0.5 3.2 98.9 2.6

* For F071 the Rsmin = 1.0.

Table 2. The analysisprecision of the method
Validation of Alniditan : R091274 formulations

Result in %

Formula R091274 (mg/mL) BAC (mg/mL) System precision n = 6 RSD (%) Rsmin = 2.5 (n = 6) Analysis precision RSD (%) n = 6

F071 20 0.125 0.7 1.9 73.3 0.7
F076 10 0.15 0.7 3.0 91.4 0.6
F079 2.5 0.15 1.6 4.0 82.7 2.5
F080 5 0.125 1.0 4.2 82.1 1.0
F083 0 0.15 1.2 5.1 82.0 1.6
F089 10 0.15 0.9 3.2 98.7 0.7
F090 0 0.15 1.1 4.6 99.1 2.4
F093 30 0.125 1.0 3.6 68.2 1.9
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