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QUANTITATIVE PHARMACEUTICAL ANALYSIS
BY CAPILLARY ELECTROPHORESIS

K. D. ALTRIA AND S. D. FILBEY
Pharmaceutical Analysis
Glaxo Group Research
Park Road
Ware, Herts, United Kingdom SG12 ODP

ABSTRACT

CE has been employed for the quantitative determination of
sumatriptan levels in subcutaneous injection solutions. Results generated
by both CE and HPLC for four batches of sumatriptan Injection solutions
compared well. The CE method gave good performance in terms of
selectivity, precision, linearity and repeatability of both injection and
analysis. This paper provides an example of the employment of
quantitative CE within a working industrial environment.

INTRODUCTION

Capillary Electrophoresis (CE) has been investigated (1-12) for a
number of applications within the area of pharmaceutical analysis.
However, there has been little emphasis on demonstrating that these
methods are capable of routinely determining the drug content of
formulated pharmaceuticals in working analytical environments.
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This paper describes the preliminary validation experiments, and
application of a CE method, for the determination of sumatriptan contents
in subcutaneous injection solutions. The results obtained by this CE
method are compared with those generated by a HPLC method.

EXPERIMENTAL

Chemicals were obtained from Aldrich Ltd.(Poole, Dorset, UK), and
water was obtained from a Millipore Q system (Watford, Hers., UK). The
quantitative work was performed on a Waters Quantum 4000 CE
instrument (Watford, Herts., UK) which was connected to a Hewlett
Packard data collection system (Bracknell, Berks., UK). High speed
analysis and comparative separations were achieved on a P/ACE 2000
CE instrument (Beckman, Palo Alto, CA, US). The fused silica capillaries
used in this study were purchased from both Waters and Beckman.

In this work an internal standard was employed since this has been
shown to improve the repeatability of injection in CE (13). A precursor (14)
to ranitidine (15) was selected (chemical structures given in Figure 1) as
this was known to migrate before any sumatriptan related compounds.
Sample and standard solutions were prepared to give a final aqueous

concentration of 0.5mg/mi of both internal standard and sumatriptan.

RESULTS AND DISCUSSION

Sumatriptan is marketed for the treatment of migraine (16). Two
formulations are marketed, a subcutaneous injection solution and tablets.
It was decided to investigate the potential of CE to quantify levels of
sumatriptan in injection solutions. The samples selected for this purpose

contained sumatriptan formulated at 12mg/ml in isotonic saline solution.
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FIGURE 1

Chemical structures of sumatriptan and internal standard

Currently HPLC methods are employed for the determination of both
sumatriptan and related impurities content in subcutaneous sumatriptan

injection solutions.

Method development

Practical guidelines to the method development options for CE of
pharmaceuticals have recently been published by McLaughlin et al (17).
For this particular separation a low pH (pH 2.3) was selected to ensure

protonation of both the analyte and related impurities.

Figure 1 shows the CE separation of a synthetic test mixture of
sumatriptan, a dimeric related impurity, and the internal standard. This

method therefore offers the possibility of determining both dimeric imputity
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FIGURE 2

CE separation of internal standard (l), sumatriptan related dimeric impurity (ll) and
sumatriptan (l11}. Separation conditions : 20.0 seconds hydrodynamic sampling,
+20kV, 214 nm, 75um x 60cm fused silica capillary, sodium dihydrogen
orthophosphate (25mM, pH 2.3 with conc. phosphoric acid)

levels as well as sumatriptan content. The cross-correlation between CE
and HPLC for the determination of dimeric impurities in salbutamol drug

substance material has previously been reported (18) .

Precision of injection

There have been several reports (19-22) concerning the reproducibility
of peak areas on automated CE instruments. Equipment manufacturers

typically quote that RSD’s of less than 2% can be routinely obtained for
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peak areas. By employing an internal standard, variability can be reduced
still further with typical RDS’s of below 1% being obtained (13).

Figure 3 and Figure 4 shows replicate electropherograms for
calibration solutions and sample solutions respectively. These separations
indicate the consistent impurity profiles obtained throughout these studies.
Both a calibration and sample solution were injected 5 times and
acceptable precision for peak area and peak area ratios were obtained
(Table 1).

Migration time variation using the CE method , measured in terms of

migration time and relative migration time,was typically less than 1% RSD.

Sensitivity

The performance of the method in terms of sensitivity was measured
and a limit of detection of 0.1%w/w of the sumatriptan loading (0.5mg/mi)
was obtained (signal to noise ratio greater than 3). A similar detection limit
of 0.1%area/area for salicylamide impurities by CE has been reported (1).
This limit of detection is equivalent to 500ppb sumatriptan in solution.
This figure is in agreement with those reported previously for salbutamol a
pharmaceutical having similar UV extinction characteristics (12,18).

Linearity

The linearity of detector response between 0 and 150% of the sample
concentration (0.5mg/ml sumatriptan) was established. The data showed
good linearity for both sumatriptan peak area and peak area ratio
(correlation coefficients 0.9992 and 0.9993 respectively).
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FIGURE 3a and 3b

Duplicate CE separations of a calibration solution. Separation conditions :
as Figure 2
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FIGURE 4

Duplicate CE separations of a sample solution Separation conditions : as Figure 2
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TABLE 1

Precision of injection peak area

(number of injections = 5)

Standard solution

Sample solution

RSD (%) RSD (%)
Sumatriptan 0.7 0.7
IS 0.5 0.1
Peak area ratio 0.5 0.8
Table 2

Repeatability of results day-to-day

Analysis set 1
Sumatriptan content (mg/ml)

Sample CE results HPLC
Batch 1 Day 1 Day 2 Mean

Condition 1 11.9 11.9 11.9 11.8
Condition 2 11.8 11.6 11.7 11.7
Condition 3 11.7 11.7 11.7 11.7

Analysis set 2
Sumatriptan content (mg/ml)

Sample CE results HPLC
Batch 2 Day 1 Day 2 Mean

Condition 1 11.9 11.6 11.8 11.6
Condition 2 11.7 11.6 11.7 1.7

Repeatability of analysis

The day-to-day variability of analysis for sumatriptan content was
established by conducting two separate sets of analyses on two separate
occasions. Similar results for each sample set were obtained on each
occasion and these were in agreement with those achieved by HPLC
(Table 2). Each analysis set comprised testing of on-going stability
batches which had been stored at various conditions of heat and humidity.
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Table 3
Sumatriptan content by CE and HPLC

Sample Sumatriptan content (mg/ml)
CE HPLC

Batch 2
Condition 1 (aliquot 1)
Condition 1 (aliquot 2)
Condition 2 (aliquot 1)
Condition 2 (aliquot 2)
Batch 3

Condition 1 (aliquot 1)
Condition 1 (aliquot 2)
Condition 2 (aliquot 1)
Condition 2 (aliquot 2)
Batch 4

Condition 1 (aliquot 1)
Condition 1 (aliquot 2)
Condition 2 (aliquot 1)
Condition 2 (aliquot 2)

Repeatability of separation

In order to assess the ruggedness of the method the separation was
performed on an alternative CE instrument using a capillary from a
different supplier. The separation achieved showed an identical migration
order to that achieved on the earlier instrument and capillary.

Cross-correlation between sumatriptan content results by CE and HPLC

Currently HPLC is employed for the determination of sumatriptan
contents (23). Sumatriptan content was determined by CE for three
stability batches of Sumatriptan (12mg/mi) injections using external
standardisation. Table 3 shows the comparison of the results obtained by
CE and HPLC. Two aliquots were taken from each sample, and each
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FIGURE 5

HSCE separation of test mixture Separation conditions : as Figure 2 except 25¢cm x
50um capillary and 5 seconds sampling time

aliquot was analysed in duplicate. The results reported below are the

mean of the two injections of each aliquot.

Optimisation of analysis time

The use of high field strength applied across short capillaries can
dramatically reduce analysis times. Figure 5 shows the separation of the 3
component test mix using identical conditions except applying +30kV
across a 25cm X 50um capillary. It should be noted that the separation
profile is identical to that achieved in Figure 2 although the separation
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time is greatly reduced. High Speed Capillary Electrophoresis (HSCE) has

the potential to dramatically increase sample throughput.

CONCLUSIONS

A CE method has been employed for the quantitative determination of
sumatriptan content in subcutaneous injection solutions. Method
validation has been performed which has included measurements of the
injection precision of peak areas, peak area ratios and migration time.
Other validation aspects examined included linearity, sensitivity, and
repeatability of both analysis and separation.

The sumatriptan content results for 4 stability batches at different
storage conditions showed excellent agreement between CE and HPLC.
This exercise gave useful information on the validity of both methods,
demonstrating the complimentary nature of CE and HPLC.
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