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Determination of perhexiline and hydroxyperhexiline in plasma
by liquid chromatography–mass spectrometry
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Abstract

A method for the quantitative determination of perhexiline and its main hydroxylated metabolites in human plasma, based on liquid
chromatography–mass spectrometry (LC–MS), was developed. The method used protein precipitation with acetonitrile followed by dilu-
tion with water and subsequent direct injection of the extract into the LC–MS system. Hexadiline was used as internal standard and the
intra-assay coefficients of variation were≤5% for perhexiline andcis-hydroxyperhexiline over the target concentration range in patients.
The lower limits of quantification were 0.005 mg/l for perhexiline and 0.015 mg/l forcis-hydroxyperhexiline, and the measuring ranges were
from 0.05 to 3.0 and from 0.2 to 6.0 mg/l, respectively. The method was compared with an established HPLC method with fluorescence
detection and the correlation between the methods was close to 1 for both compounds. The predominant form of hydroxyperhexiline in
87% of the patient samples was found to be one of the diastereomeric pairs ofcis-hydroxyperhexiline. In patients not forming this metabo-
lite, trans-hydroxyperhexiline could be detected. We conclude that the present LC–MS method is suitable for use in a clinical routine
laboratory.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction

Perhexiline (Fig. 1) is a drug that has found use in the
pharmacotherapy of angina pectoris and acute coronary syn-
dromes that do not respond to conventional therapy[1]. Due
to its potential to cause toxicity and large inter-individual
pharmacokinetic variability, it is mandatory to individualize
the dosing of perhexiline[2–4]. In clinical practice, indi-
vidual dosing may be guided by measurements of plasma
perhexiline concentrations according to the principles of
therapeutic drug monitoring (TDM)[5]. A target window of
0.15–0.6 mg/l has been established for plasma perhexiline
at steady-state[4,6].

Perhexiline is metabolized into two primary mono-hydro-
xy metabolites (Fig. 1), cis-hydroxyperhexiline andtrans-
hydroxyperhexiline, both of which may exist as diastereo-
meric pairs[7]. Recently, routine TDM recommendations
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have incorporated measurements ofcis-hydroxyperhexiline
in order to better subgroup patients as poor, extensive or
ultra-rapid metabolizers[8]. Recommendations regarding
optimal daily doses for these subgroups of patients have
been proposed[8].

So far HPLC with fluorescence detection (HPLC/FL) has
been most commonly used in TDM laboratories, but gas
chromatography (GC) has also been applied[9]. The HPLC
methods have used sample preparation with liquid/liquid
extraction and precolumn derivatization of both perhexi-
line and hydroxyperhexilines in order to produce fluorescent
products for detection[10]. Both HPLC and GC procedures
are capable of simultaneous quantification of perhexiline and
hydroxyperhexilines in human plasma[8,10,11].

The development of liquid chromatography–mass spec-
trometry (LC–MS) in recent years has established a new
powerful technique, including routine clinical analyses in
TDM laboratories[12]. The possibility of applying a simple
and rapid sample preparation in combination with LC–MS
has proved to be of great value for the TDM laboratory. Since
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Fig. 1. Chemical structures of the analytes perhexiline and hydroxyper-
hexiline. The structure of hexadiline (internal standard) is not conclusively
established regarding the exact position of the double bond.

perhexiline and the hydroxyperhexilines contain functional-
ities suitable for MS detection, we undertook to investigate
the potential use of LC–MS for quantitative determination of
these substances in human plasma. Perhexiline is presently
being introduced for therapy in Sweden and a TDM service
was required before this could be started.

2. Experimental

2.1. Chemicals

Perhexiline maleate was obtained from Sigma Co. (Aus-
tralia) and a stock solution was prepared in 50% ethanol in
water at a concentration of 20 mg/l (free base), which was
stored at−20◦C. A stock solution of hydroxyperhexiline
(Merrell Dow Pharmaceuticals, OH, USA) was prepared in
10% methanol with 100 mM HCl (1:10) at a concentration
of 100 mg/l (free base), which was stored at−20◦C. The
hydroxyperhexiline reference material consisted of 97%cis-
and 3%trans-hydroxyperhexiline. A hexadiline (Fig. 1, Mer-
rell Dow Pharmaceuticals) stock solution was prepared in
1 mM HCl at a concentration of 50 mg/l. A working solution
of hexadiline was prepared at a concentration of 5 mg/l by
dilution with1 mM HCl. Both solutions of hexadiline were
stored at−20◦C. Acetonitrile of HPLC grade was obtained
from JT Baker (Holland), and formic acid of analytical qual-
ity from Merck GmbH (Germany).

2.2. Sample preparation procedure

A 200�l aliquot of plasma was mixed with 50�l of
hexadiline (internal standard) working solution (250 ng) and
350�l of acetonitrile in a glass test-tube. The sample was
mixed vigorously for 1 min and centrifuged at 1000× g for

5 min. An aliqout of 100�l of the resulting supernatant was
transferred to a 250�l glass autosampler vial together with
100�l of ultra-pure water.

2.3. LC–MS analysis

A volume of 5�l was injected into an Agilent 1100 MSD
LC–MS system (Agilent Technologies, CA, USA). The sys-
tem was equipped with an electrospray interface, a dual
LC pump, degasser, column thermostat and an autosam-
pler. A 50 mm×2.1 mm Zorbax SB-phenyl column, particle
size 5�m (Agilent Technologies), with a 10 mm× 2.1 mm
Hy-purity C4 guard column (particle size 5�m) was used
(ThermoFinnigan Co., CA, USA). The mobile phase was
pumped at a flow of 300�l/min and a linear binary gra-
dient of 0–100% B was used, where A consisted of 20%
acetonitrile in 50 mM formic acid and B of 60% acetoni-
trile in 50 mM formic acid. The instrument operated in the
positive ion SIM mode with a fragmentor voltage of 70 V
for m/z 278 (perhexiline) andm/z 294 (hydroxyperhexiline)
and 250 V form/z276 (hexadiline, hydroxyperhexiline). The
dwell time was 192 ms, drying gas flow rate10�l/min, dry-
ing gas temperature 350◦C, and the nebulizer pressure was
330 kPa.

2.4. Quantification

Calibrator samples were prepared in calf serum from
stock solutions (see above). The concentrations (free base)
were from 0.05 to 3.0 mg/l for perhexiline and from 0.2
to 6.0 mg/l for hydroxyperhexiline. The prepared calibra-
tors were stored at−20◦C. Quantification was achieved
by using peak area ratios between the analyte and inter-
nal standard. Calibration graphs were constructed by using
linear regression. For hexadiline (internal standard) the
second eluting peak (see below) was used in the quantifi-
cation. Four hydroxyperhexiline peaks were observed in
the reference material (Fig. 2) consistent with bothcis-
and trans-hydroxyperhexiline diastereomers. The two later
eluting peaks corresponded tocis-hydroxyperhexiline and
accounted for 96% of the total hydroxyperhexiline peak
areas, consistent with previously established purity of the
reference material obtained by LC–MS and NMR (Sigma
Pharmaceuticals, Australia). The combined area for the two
(later eluting)cis-hydroxyperhexiline peaks was used in the
calibration.

2.5. Method comparison

A total of 30 randomly selected clinical specimens were
used for comparison of the LC–MS method with an es-
tablished HPLC/FL method[8]. Analyses of calibration
standard and quality control samples from the HPLC/FL
laboratory were also used to ensure similar calibration
levels of the two methods.
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3. Results

3.1. Chromatography

The optimal chromatographic system for perhexiline was
obtained using a phenyl column packing, which was pre-
ferred over C18 and cyano packing (Fig. 2). The internal
standard, which is a dehydro derivative of perhexiline, pro-
duced two equal peaks in accordance with the existence of
two chiral centers. In the procedure, these two peaks are al-
most completely separated and the later eluting peak was se-
lected for quantification. In order to include measurements
of hydroxyperhexiline in the assay, a gradient had to be used
for elution because of a significant difference in polarity
between the compounds. The reference material produced
four peaks with identical mass spectra in the chromatogram
of which two cis-hydroxyperhexiline peaks were dominant
(Fig. 2). The minor pair of peaks (trans-hydroxyperhexiline)
constituted 4% of the total as calculated from peak areas. A
representative chromatogram obtained from the analysis of
a patient specimen is shown inFig. 3.

3.2. Method validation

Linear relationships were obtained between response and
concentration for perhexiline in the range of 0.05–3.0 mg/l
and for hydroxyperhexiline in the range of 0.2–6.0 mg/l.
The correlation coefficients (r) were 0.997–0.999 and
0.994–0.999, respectively (n = 7). The lower limits of
quantification defined, as the response with a signal to noise
ratio of 10 were 0.005 mg/l for perhexiline and 0.015 mg/l
for cis-hydroxyperhexiline. The within-series coefficient of
variation (CV) was determined at two levels for each sub-
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Fig. 2. Chromatogram obtained from the LC–MS analysis of an extract from a plasma standard containing 1000 ng/ml of perhexiline and 2000 ng/ml of
hydroxyperhexiline. The chromatogram atm/z 294 shows the four peaks (marked with arrows) obtained for hydroxyperhexiline. These four peaks have
identical mass spectra demonstrating that they represent hydroxyperhexiline isomers. The first pair of peaks representstrans-hydroxyperhexiline isomers
and the major formcis-hydroxyperhexiline isomers (second pair of peaks) and constitutes 96% of the total peak area. The internal standard hexadiline
was monitored atm/z 276 and also gave two peaks (marked with arrows) in accordance with the presence of two chiral centers in molecule.

Table 1
Precision and accuracy of perhexiline and hydroxyperhexiline determina-
tion

Substance Weighed-in
concentration
(mg/l)

Observed
concentration
(mg/l)

Bias
(%)

CV
(%)

N

Perhexiline 0.20 0.20 0 3.5 10
Perhexiline 1.0 1.1 10 5.0 10
Hydroxyperhexiline 0.40 0.40 0 1.7 10
Hydroxyperhexiline 2.0 2.1 5 4.3 10

stance (Table 1). For both compounds, the CVs were≤5%
at all concentrations tested. Calibrators were prepared in
calf serum and this was found to be no different from human
serum. The recovery of perhexiline and hydroxyperhexiline
in the sample preparation was >95%.

3.3. Method comparison

A method comparison was performed with an HPLC/FL
method for perhexiline and hydroxyperhexiline measure-
ment in human plasma. The comparison was performed us-
ing authentic routine patient samples collected randomly to
cover a wide concentration range. For perhexiline (r2 =
0.981), the two methods gave almost identical results with
no outliers, but for hydroxyperhexiline (r2 = 0.951) the
data were more variable, possibly due to a lower precision
in cis-hydroxyperhexiline quantification (Fig. 4).

3.4. Metabolite isomers in patients

The pattern of hydroxyperhexiline peaks in patient sam-
ples differed from the reference material (Figs. 2 and 3).
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Fig. 3. Chromatogram obtained from the LC–MS analysis of an extract from a patient plasma sample. The sample was found to contain 120 ng/ml of
perhexiline and 1800 ng/ml ofcis-hydroxyperhexiline.
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Fig. 4. Correlation between results obtained from the analysis of perhex-
iline (a) and hydroxyperhexiline (b) with the presented LC–MS method
and a reference LC method.

In 26 out of 30 patients (87%), only one of thecis-hydro-
xyperhexiline forms (the later eluting) accounted for
the majority of metabolite present (Fig. 5). No ev-
idence was observed for the presence of the other
cis-hydroxyperhexiline form (the first eluting) in any pa-
tient sample (<2%). In addition, the first elutingtrans-
hydroxyperhexiline diastereomer accounted for about 5%
(by area ratio) of the dominantcis-hydroxyperhexiline.
Both trans-hydroxyperhexiline diastereomer pairs could,
however, be observed in the four patients who did not have
any detectablecis-hydroxyperhexiline (Fig. 5). The identity
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Fig. 5. Chromatogram obtained from the LC–MS analysis of extracts from
a patient sample with the highest level ofcis-hydroxyperhexiline (a), a
patient plasma sample found not to containcis-hydroxyperhexiline (b),
and a calibrator sample (c). In patients in whom nocis-hydroxyperhexiline
(i.e. the major metabolite form) could be detected, trace amounts of
the minor trans form (both peaks) were present. In patients withcis-
hydroxyperhexiline formation, only one of the peaks representingtrans-
hydroxyperhexiline was present.
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of the trans-hydroxyperhexiline in the patient samples was
demonstrated by co-elution using extracts from patient
specimens with and without spiked reference material, and
by the presence of peaks at the qualifier ionm/z 276.

4. Discussion

The results obtained in this study demonstrate that LC–
MS is a suitable technique for accurate quantification of
perhexiline and hydroxyperhexiline metabolites in human
plasma. The technique allowed for a simple sample prepa-
ration procedure with no loss of analytes to give a robust
method, which is suitable in a clinical routine laboratory. The
practical consequence of this simplified preparation proce-
dure is a 4 h shorter time before start of the chromatographic
run. This will enable a shorter turn-around-time, which is
of value in clinical use. The quantification was based on
the use of the same internal standard (hexadiline) as com-
monly used in other published methods. Although this in-
ternal standard functioned well and gave acceptable results
regarding both precision and accuracy, a number of draw-
backs of using this compound should be mentioned. Firstly,
the substance is not commercially available, secondly it re-
solves into two peaks (diastereomeric pairs), which must be
resolved in the chromatographic system, and thirdly it is of
suitable polarity for perhexiline, but not for hydroxyperhex-
iline metabolites. The great difference in polarity between
the analytes necessitated a gradient elution. The composi-
tion of the gradient was partly determined also by the need
for resolution of hydroxyperhexiline and hexadiline isomers.
These requirements resulted in a rather long run time. Since
all patient samples contained only one of the isomer peaks
of cis-hydroxyperhexiline diastereomers the need for chro-
matographic separation could be compromized for a more
rapid assay time. However, a change in internal standard
must also be made to allow for this. In this respect, the sim-
pler preparation procedure used, and especially the lack of
a derivatization step, will allow for a greater freedom in the
selection of internal standard.

An accurate quantification of the hydroxyperhexiline iso-
mers depends on accurate characterization of pure reference
substance. As predicted by the diastereomeric nature of the
cis- and trans-isomers, the reference substance gave four

peaks in the chromatogram. All four peaks produced identi-
cal mass spectra demonstrating the identity as hydroxyper-
hexiline isomers. The major form was thecis-isomer and
the minor was thetrans-isomer, as previously established
[8]. Based on peak area comparison,cis-hydroxyperhexiline
constituted 96% of the “pure” substance material. One of
thecis-hydroxyperhexiline diastereomer pairs dominated in
patient specimens, but one of thetrans-hydroxyperhexiline
diastereomer pairs was also present. However, in the four
patient specimens where no evidence of formation of
cis-hydroxyperhexiline was obtained, peaks representing
both trans-hydroxyperhexiline diastereomers were ob-
served. The enzymology of the formation of these isomers
as well as their biological significance is being investigated.

In conclusion, the use of LC–MS enabled the development
of a simple procedure suitable for the routine quantification
of perhexiline and itscis-hydroxyperhexiline metabolite.
LC–MS provides significant potential for TDM labora-
tories to offer high quality analytical service with rapid
turn-around times. This is essential for the clinical use of
drugs, such as perhexiline, which have marked toxicity when
overdosed.

References

[1] S.R. Willoughby, S. Stewart, Y.Y. Chirkov, J.A. Kennedy, A.S.
Holmes, J.D. Horowitz, Eur. Heart J. 23 (2002) 1946.

[2] R.R. Shah, N.S. Oates, J.R. Idle, R.L. Smith, J.D.F. Lockhart, Br.
Med. J. 284 (1982) 295.

[3] M.Y. Morgan, R. Reshef, R.R. Shah, N.S. Oates, R.L. Smith, S.
Sherlock, Gut 25 (1984) 1057.

[4] J.D. Horowitz, S.T.B. Sia, P.S. Macdonald, A.J. Goble, W.J. Louis,
Int. J. Cardiol. 13 (1986) 219.

[5] T.J. Campbell, K.M. Williams, Br. J. Clin. Pharmacol. 52 (Suppl. 1)
(2001) 21.

[6] P.L. Cole, A.D. Beamer, N. McGowan, C.O. Cantillon, K. Benfell,
R.A. Kelly, L.H. Hartley, T.W. Smith, E.M. Antman, Circulation 81
(1990) 1260.

[7] B.J. Gould, A.G.B. Amoah, D.V. Parke, Xenobiotica 16 (1986) 491.
[8] B.C. Sallustio, I.S. Westley, R.G. Morris, Br. J. Clin. Pharmacol. 54

(2002) 107.
[9] B.C. Sallustio, R.G. Morris, Ther. Drug Monit. 21 (1999) 389.

[10] N. Grgurinovich, J. Chromatogr. B Biomed. Appl. 696 (1997) 75.
[11] R.G. Cooper, G. Harper, A.H. Price, D.A.P. Evans, D. Lockhart, J.

Chromatogr. Biomed. Appl. 381 (1986) 305.
[12] P. Marquet, Ther. Drug Monit. 24 (2002) 255.


	Determination of perhexiline and hydroxyperhexiline in plasma by liquid chromatography-mass spectrometry
	Introduction
	Experimental
	Chemicals
	Sample preparation procedure
	LC-MS analysis
	Quantification
	Method comparison

	Results
	Chromatography
	Method validation
	Method comparison
	Metabolite isomers in patients

	Discussion
	References


