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Overview

Purpose: to develop a cost-effective assay to quantify the enantiomers of bicalutamide following chiral

separation using mass spectrometry.

Methods: a simple and rapid extraction procedure for the quantitation of the (S)-bicalutamide and (R)-
bicalutamide was developed using liquid-liquid extraction. No additional sample processing was required
prior to injecting onto a HPLC system. Liquid chromatography conditions were developed on an
ovomucoid protein column with silica support. Mass detection was achieved using an API 3000 triple

guadrupole mass spectrometer, in positive ion mode.

Results: the data obtained demonstrates the method is precise and accurate allowing for high-throughput

subject sample analysis.

Introduction

The anti-androgenic activity of the racemic mixture of bicalutamide is related to the (R)-bicalutamide enantiomer,
that has a slow rate of absorption combined with a lengthy elimination rate. (S)-bicalutamide is rapidly absorbed
and eliminated. The use of MS technology has the increased selectivity of monitoring both enantiomeric forms
and to shorten the time of analysis. Methods using HPLC with UV detection had run times exceeding 12 minutes

and generally require complex extraction procedures to remove interferences.

Analytical columns used were the Ultron ES-OVM (Agilent Technologies)', Chiral-AGP (J.T. Baker)*°, and
Chiralcel OJH (Chiral Technologies)®. The reported retention times vary from 6.0 minutes and 9.5 minutes for
(S)-bicalutamide and (R)-bicalutamide, respectively, up to 17.0 and 20.7 for (S)-bicalutamide and (R)-
bicalutamide, respectively. These run-times are clearly not practical for high-throughput analysis. All published
work on the chiral separation of bicalutamide uses UV detection with a phosphate buffered mobile phase. The

use of phosphate buffer and long run time made it necessary to develop a completely new method.

Initially liquid chromatography conditions were developed using a phenomenex Pirkle-type stationary phase
column. While this permitted the use of mass spectrometric compatible mobile phases, the separation between
the isomers was less than baseline resolved. A more efficient method was developed using an ovomucoid
protein column. Following a simple liquid-liquid extraction, baseline separation of the enantiomers was obtained

iIn a 5.5 minute run.
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Methods

An aliquot of 500 mcL of human plasma (EDTA), buffered with 1 mL of ammonium formate was extracted with 7

mL of methyl tert-butyl ether. The methyl tert-butyl ether was evaporated and reconstituted with mobile phase.

The initial chromatographic work was done using a 50 x 4.6 mm Phenomenex Chirex 3022, with (S)-indoline-2-
carboxylic acid and (R)-1-(alpha-napthyl)ethylamine linkages. Mobile phase consisted of 50% chloroform, 48%

hexane, 2% iso-propranolol and 0.01% trifluoroacetic acid.

For the ovomucoid column, 150 x 2.0 mm Ultron ES-OVM column, 5 micron particle size, the mobile phase
consists of 27% ethanol and 73% of 12.5 mM ammonium formate. A flowrate of 0.3 mL/minute was used, which

resulted in a back-pressure of 180 bar.

All work was developed using a SIL-HTc autosampler with LC-10ADVP pumps, from Shimadzu. The mass
detector was an APl 3000 LC/MS/MS from Applied Biosystems. The mass spectrometric conditions were set at

50 V for the Declustering Potential and 50 V for the Collision Energy.

Results

Figure 1 shows two major fragments of the parent mass for bicalutamide in positive ion mode. Either m/z 217.3
or m/z 187.3 could be monitored because a similar signal to noise ratio was obtained. These transitions are

sufficiently unique that no interference from endogenous substances was observed.
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Figure 1. Fragmentation lon Scan for Bicalutamide

The Initial chromatographic conditions were developed using a Phenomenex Pirkle-type stationary phase
column. While this column allowed the use of a mobile phase compatible with mass spectrometric detection,

baseline separation could not be achieved, as shown in Figure 2. As a result, development was pursued using
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an ovomucoid column.
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Figure 2. Chiral Separation on Pirkle-type Column

The chromatograms shown in Figure 3 were obtained for extracted LOQ standards using the ovomucoid
column. No interference was observed for any of the analytes. However, the use of a chiral analog as internal
standard would help to improve the assay. This would minimize secondary interactions that give rise to peak

tailing, and the overall run-time could be further reduced.
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Figure 3. Extracted (S)-Bicalutamide and (R)-Bicalutamide LLOQ Standard in Matrix

Rapid Chiral Separations Using Mass Spectrometric Compatible Mobile Phases for Optimal lonization Efficiency

This assay was shown to be reproducible and robust, as numerous extracted samples were injected with no loss
in peak symmetry. The intra-run precision and accuracy are tabulated in Tables 1 and 2, for (S)-bicalutamide
and (R)-bicalutamide, respectively. These results show that this assay meets current FDA requirements for

bioanalytical method validation °.

Table 1. Precision and Accuracy for (S)-Bicalutamide
QCLOQ QCA AQCB QCC AQCD
Nominal (pg/mL)  5.00 15.0 40.0 75.0 375

Average 4.39 16.2 41.9 65.8 336
%Nominal 87.9 108.3 104.8 87.7 89.6
SD 0.23 0.71 0.55 2.66 10.27
%CV 5.2 4.4 1.3 4.0 3.1

Table 2. Precision and Accuracy for (R)-Bicalutamide
QCLOQ QCA AQCB QCC AQCD
Nominal (pg/mL) 10.0 30.0 30.0 150.0 750

Average 9.40 33.8 85.1 131.4 677

%Nominal 94.0 112.5 106.4 87.6 90.2

SD 0.34 0.67 1.61 6.37 33.29

%CV 3.6 2.0 1.9 4.8 4.9
Conclusions

Chiral chromatography is possible using mobile phases that are compatible with mass spectrometry. The
separation of the chiral compounds within 5.5 minutes run-time leads to a reduction in the overall analysis time
and costs. This method for the determination of (R)-bicalutamide and (S)-bicalutamide in human plasma
employs a simple liquid-liquid extraction, that when coupled to mass spectrometry, is sensitive, fast and robust.

This method is useful for high-throughput analysis.
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