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A rapid and specific assay, based on liquid
chromatography—atmospheric pressure chemical
ionization mass spectrometry, for the determination

of MK-434 (a Sa-reductase inhibitor) and its
metabolites in plasma
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Abstract: MK-434 is a new Sa-reductase inhibitor. A sensitive and specific assay based on combined liquid
chromatography-mass spectrometry (LC-MS) has been developed for the determination of this compound in plasma.
The analyte was isolated from plasma by solid-phase extraction on a C 4 cartridge. A related substance, 1.-654,066, was
used as the internal standard. Extracts were separated on a 5-cm C,g-reversed-phase high performance liquid
chromatography column interfaced via the heated nebulizer probe to a corona discharge chemical ionization source. The
mass spectrometer was operated in the positive ion MS—MS mode. The method had sufficient sensitivity, precision,
accuracy, and selectivity for the analysis of clinical samples containing MK-434 and its two principal metabolites at

concentrations in the range 0.5-50 ng ml™'. The chromatographic run time was <5 min.
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Introduction

The enzyme Sa-reductase [1], which occurs in
the prostate gland, converts testosterone to
dihydrotestosterone [2-5]. The enzyme is in-
hibited by a series of 4-azasteroids [6-11]
which are of potential value in the treatment of
benign prostatic hyperplasia [12]. MK-434
(17B-benzoyl-4-aza-5a-androst-1-ene-3-one) is
one of the latest azasteroids to be studied [13].

A sensitive and specific assay was required
for the determination of MK-434 in biological
fluids. The low volatility of MK-434 precluded
its analysis by combined gas chromatography—
mass spectrometry (GC-MS), and its N-tri-
methylsilyl and N-trifluoroacyl derivatives
were unstable. Radioimmunoassay proved
both convenient and sensitive but ultimately
lacked specificity. High performance liquid
chromatography (HPLC) with atmospheric
pressure chemical ionization has previously
proved highly successful for the convenient
quantitation of drugs in body fluids [14-18].
This technique readily fulfilled the requisite
assay criteria and permitted the simultaneous
measurement of the diastereomeric alcohols
resulting from metabolic reduction of the

parent drug. A structural analogue, L-654,066
(5a-23-methyl-4-aza-21-nor-chol-1-ene-3,20-
dione), was used as the internal standard.

Experimental

Materials

MK-434, L-691,919, L-694,579 and
L-654,066 (Fig. 1) were synthesized at the
Merck Research Laboratories (Rathway, NJ).
Ammonium acetate, sodium acetate, disodium
ethylenediaminetetra-acetic acid (EDTA),
bovine serum albumin (BSA) and trifluoro-
acetic acid (TFA) were obtained from Sigma
(St Louis, MO). Methanol (HPLC grade) and
sodium phosphate (mono- and di-basic) were
obtained from Fisher (Fair Lawn, NJ). Sodium
hydroxide and acetic acid were of analytical
grade and were purchased from Mallinckrodt
(Paris, KT). SepPak-C,g cartridges (5 ml X
500 mg) were obtained from Waters (Milford,
MA). Air (hydrocarbon-free), nitrogen
(99.999%) and argon (99.999%) were pur-
chased from Matheson (Morris Plains, NJ).
Disposable tapered reaction vials (1 ml) and
crimp caps were obtained from Rainin Instru-
ments (Woburn, MA).

* Author to whom correspondence should be addressed.
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Structures of MK-434, its metabolites 1.-694,579 and L-691,919, and the internal standard L-654,066.

Standard and sample preparation

Standard stock solutions of MK-434, its
metabolites (L-691,919 and L-694,579) and the
internal standard (L-654,066) were prepared as
1 mg mi™" solutions in acetic acid; 1.0 ml
aliquots were diluted to 100.0 ml in methanol.
Subsequent dilutions were prepared in a sol-
ution consisting of phosphate buffer (pH 7.5;
0.05 M) containing EDTA (0.05 M), 0.1%
sodium azide, 0.05% BSA and ethanol (USP
200, 80:20, v/v) to prevent absorption of the
analytes at low concentrations.

Standards and quality control samples were
prepared by the addition of known amounts of
standard solutions (0.1 ml) to 1.0 ml aliquots
of control human plasma. The concentrations
of MK-434 and its metabolites in standard
plasma samples were generally 0.5, 1, 2, 5, 10,
20 and 50 ng mi~'. Quality control samples
were prepared at concentrations of 1, 5 and
20 ng ml™".

Extraction procedure

A plasma sample (1.0 ml) was placed in a 75
X 12 mm glass tube. After the addition of
0.1 ml of a 0.05 pg ml~' solution of internal
standard, the tube was briefly vortexed. The
sample was applied to a SepPak cartridge, pre-
conditioned by washing with methanol (4 ml)
and distilled water (S ml). The sample was
drawn into the column (with vacuum applied)
at approximately 1 ml min~'. The column was

washed with 3 ml of distilled water. After
discarding the washings, the drug was eluted in
methanol (3 ml) into a glass tube and the
eluate reduced to dryness at 22°C in a Speed-
Vac Model SVC200H (Savant, Farmingdale,
NY). After extraction the following sample-
transfer procedure was used to minimize
adsorptive losses. The residue was transferred
in ethanol (0.4 ml) into a micro-derivatization
vial and the solvent removed in the SpeedVac.
The residue was reconstituted in 0.1 ml of
acetonitrile. The vial was capped, agitated in
an ultrasonic bath for 20 min and briefly
vortexed to remove air bubbles prior to
analysis.

The recoveries of MK-434 and L-654,066
from plasma were determined in the following
manner. Aliquots (1.0 ml) of control human
plasma from five separate individuals were
spiked with analyte or internal standard to
yield concentrations of 2 ng ml™'. After solid-
phase extraction, 2 ng of L-654,066 was added
to extracts containing MK-434, and 2 ng of
MK-434 was added to extracts containing L-
654,066. Samples were assayed by LC-MS-
MS and the peak area ratios compared with
those obtained from an unextracted reference
solution (400 pg of both MK-434 and L-
654,066). The recoveries of the metabolites
were calculated subsequently from a com-
parison of the peak area ratios of sets of
extracted and unextracted standards. The
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absolute recoveries were MK-434 (95.0 £
3.7%), L-654,0066 (95.9 + 1.8%), L-694,579
(93.2 + 4.3%) and L-691,919 (92.5 + 3.3%).

Chromatographic system suitability

The precision of the chromatographic system
was determined by making 10 successive in-
jections (20 pl) of a solution containing
0.06 pg ml~! of MK-434, L-694,579, L-691,919
and the internal standard. The relative stan-
dard deviations (RSDs) of the peak area ratio
of MK-434, L-694,579 and L-691,919 with
respect to the internal standard were 6.27,
5.72, and 7.52%, respectively.

LC-MS-MS analysis

LC-MS-MS was performed on a Sciex
(Thornhill, Ontario) Model API III triple
quadrupole mass spectrometer interfaced via a
Sciex heated nebulizer probe to a liquid
chromatograph consisting of a Perkin Elmer
250 solvent delivery system and a Perkin Elmer
ISS-100 autoinjector equipped with a 200 ul
loop. Chromatography was performed using a
column packed with SynChropak, C-18 (50 x
46 mm, i.d. 5 um) from Sychrom Inc.
(Lafayette, IN) and 20 pl aliquots of the
extract were taken for analysis. The mobile
phase consisted of acetonitrile—methanol-
ammonium acetate (10 mM; 61.5:3.5:35, v/v/v)
containing 0.1% (w/v) TFA at a flow rate of
1 ml min~'. The nebulizer probe temperature
setting was 500°C. The nebulizing gas (air)
pressure and auxiliary flow were set at 80 p.s.i.
and 2.0 1 min~!, respectively. Gas-phase chem-
ical ionization was effected by a Corona dis-
charge needle (+5 pwA) and positive ions were
sampled into the quadrupole mass analyser via
a 0.0045” pinhole aperture. The mass spectro-
meter was programmed to transmit the pro-
tonated molecules [M + H]* at m/z 378 (MK-
434), m/z 380 (metabolites) and m/z 358
(internal standard) via the first quadrupole
filter (Q1) with collision-induced fragmen-
tation in Q2 (collision gas argon, 50 eV, 400 X
10'? atoms cm ) and monitoring, via Q3, the
product ions at m/z = 310, 312 and 290 for
MK-434, the metabolites and the internal
standard, respectively. The orifice potential
and electron multiplier settings were +80 V
and —4.2 kV, respectively. The dwell time was
400 ms. Peak area ratios of each analyte with
respect to the internal standard were computed
using proprietary MacSpec software from
Sciex. The calibration curves were constructed
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using non-weighted linear least-squares re-
gressions of the plasma concentrations and the
measured area ratios. The concentrations of
MK-434 and its metabolites .in test samples
were determined by interpolation from the
appropriate standard curve.

Radioimmunoassay

A radioimmunoassay for MK-434 in plasma
was developed using rabbit antiserum raised
against an immunogen prepared by coupling
the hemisuccinate of the 1la-hydroxy deriv-
ative, via its N-hydroxy-succinimide ester, to
BSA. Antiserum was diluted 1:20,000 in phos-
phate buffer (pH 7.5; 0.05 M) containing
EDTA (0.05 M), 10 mg ml~! BSA and 0.1 mg
ml~" sodium azide.

The radioligand was prepared by coupling
the hemisuccinate of the 1la-hydroxy deriv-
ative, via its active ester, to '>’I-labelled
tyrosine with subsequent purification by
reversed-phase LC. The purified radioligand
was reconstituted at a concentration of 200,000
cpm ml™! in phosphate buffer containing
sheep anti-rabbit globulin (Arnel Products,
New York, NY). Extracts of test and stan-
dard plasma samples were prepared by solid-
phase extraction as described above. The
extract residues were reconstituted in
phosphate buffer containing 20% ethanol. The
radioimmunoassay ~ was  conducted in
triplicate.

To 0.1 ml of reconstituted extract was added
0.1 ml of radioligand-second antibody (20,000
cpm), 0.1 ml of diluted antiserum-rabbit
gamma globulin reagent and 0.7 ml of phos-
phate buffer. The binding at equilibrium was
similar whether the primary and secondary
antibodies were added simultaneously or
sequentially. The mixture was incubated for
18 h at room temperature and subsequently
centrifuged (800 g for 45 min). The super-
natant was discarded and the radioactivity in
the consolidated pellet was determined using a
gamma counter (Micromedic, Horsham, PA).
Samples were counted for 3 min. Calibration
curves were constructed using a third-order
polynominal, by plotting the fraction of control
binding (B-NSB/B,-NSB) against plasma con-
centration where B, was the observed binding
(cpm) in the absence of the analyte, B was the
binding in the presence of a specific quantity of
analyte, and NSB was the non-specific binding.
The calibration range was 0.1-20 ng ml~'. The
concentrations of MK-434 in test samples were
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determined by interpolation of the standard
curve.

When evaluated by analysis of control (drug-
free) plasma, to which MK-434 was added, the
accuracy (found/added) of the radioimmuno-
assay at 0.2, 2 and 20 ng ml™' was 104, 102 and
102%, respectively, with corresponding intra-
day RSDs (n = 5) of 4.9, 5.4 and 2.1%. The
non-specific binding was 1.4%. When applied
to plasma from patients to whom MK-434 had
been administered, parallelism and recovery
experiments were satisfactory.

Results and Discussion

The principal objective was the development
of an assay capable of measuring MK-434 in
plasma at concentrations in the range 0.5~
50 ng ml™!. The
bolites could be determined concomitantly was
an advantage, unanticipated at the com-
mencement of the assay development pro-
gram. The product ion mass spectra of MK-
434, its metabolites, and the internal standard
showed diagnostic fragments at m/z 310, 312
and 290, respectively (Fig. 2). The spectra of
L-694,579 and L-691,919 are essentially iden-
tical. Chromatograms, using MS-MS detec-
tion, of extracts of plasma from a volunteer
receiving an oral dose (25 mg daily) of MK-434
are shown in Fig. 3.

ance with whirh tha mata_
waswe Wil YYllivil LU 1nivia

Calibration

Typical calibration curves for the analyte
and its metabolites are shown in Fig. 4. The
data demonstrate acceptable accuracy, repro-
ducibility, and good fit to the non-weighted
regression lines (Table 1). Calibration stan-
dards of plasma containing neither drug nor
metabolites showed peak area ratios that were
essentially zero. There was no interference
from endogenous plasma components, with the
determination of the parent drug, its meta-
bolites, or the internal standard.

Precision and accuracy

Assay accuracy and intra-day precision were
determined by analysis of replicates (n = 5) of
control plasma containing known concen-
trations of MK-434, L-694,579 and 1.-691,919
over the concentration range from 0.5 to 50 ng
ml~'. The RSDs at the lowest concentration
(0.5 ng mlI™!) were 8.1, 6.6 and 17.4%, for
MK-434, L-694,579 and L-691,919, respect-
ively. The criterion for the acceptance of
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Figure 2

Positive product ion mass spectra (background subtracted)
of the protonated molecular ions of (a) MK-434 (m/z 378),
(b) L-691,919 (m/z 380) and (c) the internal standard L-
654,066 (m/z 358). The mass spectrum of L-691,919 is
identical to that of its diastereomer L-694-579.

clinical data was that intra-assay RSD should
not exceed 10%. As a result, the limit for
reliable determination of L-691,919 in plasma
using the present calibration range was defined
as 1 ng ml~!. Inter-day assay precision was
calculated from quality control data obtained
during successive analyses. Results are shown
in Table 2. Acceptable accuracy, defined as
(mean % found/added), intra- and inter-day
precision were demonstrated.

Method applications

The lack of specificity of the radioimmuno-
assay, when applied to human samples, was
demonstrated by LC fractionation of extracts
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Figure 3

Chromatograms obtained by multiple reaction monitoring of extracts of plasma from a volunteer receiving 25 mg (p.o0.)
of MK-434. Retention times are shown in minutes. Channel A, m/z 378 — 310, MK-434; Channel B, m/z 358 — 290,
internal standard: and Channel C, m/z 380 — 312, L-694,579 and 1-691,919. Top: extract of a plasma sample collected
prior to drug administration. Bottom: extract of a plasma sample, collected 6 h after administration containing 25 ng ml™!
MK-434, 15.8 ng ml™! L-691,919 and 3.7 ng ml™! L-694,579.

Table 1

Mean peak area ratios and curve parameters determined during the construction of five
successive calibration lines for the determination of MK-434 and its metabolites L-694,579 and
L-691,919 in plasma

MK-434 L.-694,579 L-691,919
Conc. plasma RSD RSD RSD
(ng ml™") Mean (%) Mean (%) Mean (%)
0.5 0.110 6.5 0.051 5.6 0.053 15.2
1 0.203 4.9 0.101 2.1 0.102 8.0
2 0.386 4.7 0.203 3.6 0.188 6.7
5 0.985 4.0 0.505 3.4 0.474 6.7
10 1.910 2.6 1.050 7.3 0.925 4.7
20 3.890 3.8 2.140 8.5 1.890 10.1
50 9.180 4.7 4.930 4.5 4.410 5.8
Slope 0.184 4.3 0.099 4.1 0.088 5.7
Intercept 0.047 82.3 0.027 135.1 0.030 82.4
r? 0.999 0.13 0.997 0.34 0.997 0.23
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Calibration curves for the determination of MK-434 and its
metabolites in plasma.

Table 3
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of plasma obtained from subjects participating
in clinical studies. Overestimation of the drug
concentration by two- to three-fold was
observed. The detection of immunoreactive
substances other than the parent drug
suggested the presence of cross-reacting meta-
bolite(s). The principal metabolite
(L-691,919), which resulted from reduction of
the ketone to an alcohol, did not show appreci-
able reactivity. A comparison of the concen-
trations of MK-434 in plasma determined by
both radioimmunoassay and LC-MS~-MS after
a single oral dose (25 mg) to volunteers is
shown in Table 3. The results confirmed the
lack of specificity of the immunoassay, but the
source of the interference was unknown.

Conclusions

The present assay was established specifi-

Comparison of the concentrations of MK-434 (ng ml™') determined by both radioimmunoassay and LC-MS-MS in the
plasma of two volunteers receiving a single oral dose of 25 mg

Subject 1 Subject 2
Time post-dose
(h) RIA LC-MS-MS Ratio RIA-MS RIA LC-MS-MS Ratio RTA-MS
0 <0.1 <0.5 <0.1 <0.5
2 5.7 24 2.4 6.5 2.9 2.2
4 12.9 6.5 2.0 6.3 32 2.0
8 10.2 4.6 2.2 5.4 1.7 32
12 7.7 3.4 2.3 59 2.3 2.6
24 9.8 3.7 2.6 5.9 2.9 2.2
48 5.5 1.8 3.1 3.1 1.3 2.4
35
—a—  [MK-434]
sor —#A&—  [L-694,579)
_ [L-691,919]
E
2
£
s
0L
0 12 24 36 48 60 72 84 96
Hours after dosing
Figure 5

Plasma concentration—time profiles of MK-434 and its metabolites in the plasma of a subject receiving 25 mg of the drug.
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cally to determine MK-434 in plasma at con-
centrations in the range 0.5-50 ng ml~'. Dur-
ing the course of development of the assay, its
ready extension to the simultaneous quanti-
tation of the diastereomeric products of meta-
bolic reduction became apparent. Since the
recoveries from solid-phase extraction were
comparable with those of MK-434 and its
internal standard, the assay was readily
adapted to encompass the assay of all three
substances.

The versatility of the Sciex heated-nebulizer
interface in conjunction with triple quadrupole
LC-MS-MS is gaining wide acceptance in
current bioanalytical research. Particular
attractions are the capacity for flow rates in
excess of 1 ml min~' and the high specificity of
the technique which enable the use of fast
liquid chromatographic separations in conjunc-
tion with automated sample injection and data
acquisition. In the present assay, the retention
time of MK-434 is approximately 2.2 min and
the analysis of the drug and its metabolites can
be completed in 5 min. The linearity of the
detector response was satisfactory over two
orders of magnitude and enabled the use of a
simple non-weighted linear regression.

This method has been applied to the deter-
mination of MK-434 and two of its metabolites
in plasma obtained from clinical studies. The
plasma concentration—time curves, obtained
by analysis of samples collected from a subject
receiving a single oral dose of MK-434 are
shown in Fig. 5.
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