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Abstract

A quantitative method for the analysis of AL-5848, the (+ )-enantiomer of fluprostenol (FP), in human plasma is
described. Plasma was spiked with a tetradeuterated analog of travoprost free acid (AL-5848X) as internal standard
(IS) and acidified with 0.1 M formic acid. Sample clean up was performed using reversed phase solid-phase extraction.
Following elution of the compounds of interest and evaporation to dryness, the residue was reconstituted in
methanol:water (1:1) and chromatographed on an octadecylsilica (C18) column with negative ion electrospray
ionization tandem mass spectrometry. The [M�H]− ions at m/z 457 and 461 for the analyte and IS, respectively, were
subjected to collisional fragmentation with argon to yield the same intense 3-trifluoromethylphenolate (m/z 161)
product ion. The validated concentration range was 0.010–3.00 ng/ml based on a 1.0 ml plasma aliquot. Fully
adequate accuracy, precision, specificity, recovery and stability for routine use in clinical pharmacokinetic studies were
demonstrated. Analysis of a second plasma aliquot following incubation with rabbit esterase allows the isopropyl
ester pro-drug, travoprost (AL-6221), to be determined by difference. © 2002 Elsevier Science B.V. All rights
reserved.
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1. Introduction

Travoprost free acid, a potent and selective
agonist of the prostaglandin F2� receptor, is the
(+ )-enantiomer of fluprostenol (+FP), a mar-
keted veterinary product for induction of estrus in
mares. The isopropyl ester of +FP, travoprost
(AL-6221, Fig. 1), has been developed for reduc-

ing intraocular pressure in the clinical treatment
of glaucoma. Following topical ocular administra-
tion, the ester pro-drug crosses the cornea and is
rapidly hydrolyzed to +FP, which distributes to
ocular tissues and the systemic circulation. The
pharmacokinetics of the radioactive biotransfor-
mation products of racemic FP in horses follow-
ing administration of 3H-FP have been reported
[1].

Due to the low doses used for topical adminis-
tration, a highly sensitive method was required to
characterize the clinical pharmacokinetics of +
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FP. Techniques for prostaglandin bioanalysis
include radioimmunoassay (RIA) [2,3], enzyme
immunoassay (EIA) [4–6], gas chromatography/
mass spectrometry (GC/MS) with selected ion
monitoring (SIM) [7–9] as well as gas chromatog-
raphy with tandem mass spectrometry (GC/MS/
MS) [10]. More recently, HPLC tandem mass
spectrometry (HPLC/MS/MS) [11,12] has been
used for trace level bioanalysis of prostaglandins.
This technique allows highly sensitive determina-
tion of prostaglandins without the need for
derivatization as required for GC/MS. It is also
specific against metabolites and structurally simi-
lar eicosanoids. This is frequently not the case
with immunoassays, where cross-reactivity with
closely related analogs can positively bias results.

In this study, an HPLC/MS/MS method for
determination of +FP in human plasma was
developed and validated. A tetra-deuterated
analog of +FP was used as internal standard (IS)
and sample cleanup was performed using re-
versed-phase solid phase extraction (SPE), with
methyl formate used in the elution step. This
solvent was previously shown [13] to give good
recovery of prostaglandins from biological ma-
trices in reversed-phase SPE.

2. Materials and methods

2.1. Reagents and chemicals

Reference standards of travoprost, travoprost
free acid and AL-5848X IS were prepared by
Alcon Research, Ltd. The structures are shown in
Fig. 1. Methanol, water, toluene, acetonitrile and
dichloromethane were of HPLC grade and ob-
tained from EM Science (Gibbstown, NJ, USA).
Reagent grade formic acid, 99%, ammonium for-
mate and methyl formate were obtained from
Sigma (St. Louis, MO, USA) as was esterase from
rabbit liver (100 U per mg). Dulbecco’s phosphate
buffered saline (1× ), without calcium or magne-
sium, was obtained from Hyclone Laboratories
(Logan, UT, USA). Control human tripotassium
EDTA plasma was obtained from Carter Blood
Bank (Fort Worth, TX, USA). Ultra pure carrier
grade nitrogen was used for sample extract evapo-
ration and as drying gas in the electrospray
source. (Air Products, Allentown, PA, USA).
High purity argon (also from Air Products) was
used as the target gas for collisional
fragmentation.

2.2. Equipment

HPLC/MS/MS analysis was performed with a
Micromass Quattro LC (Micromass Ltd, Altrin-
cham, UK) with an electrospray source and Win-
dows based software. Mobile phase was delivered
using a Waters Alliance Separations Module,
model 2690 (Waters Corporation, Milford, MA,
USA) with electronic valve actuator, model EVA
7010. Chromatographic separations were per-

Fig. 1. Structures of travoprost, travoprost free acid (+FP,
AL-5848) and internal standard (IS) (AL-5848X).
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formed using a Phenomenex Columbus C18
column, 5 �m particle size, 100 A� pore size,
150×2.0 mm i.d. (Phenomenex, Torrance, CA,
USA). SPEC 3 ml MP1 15 mg nonpolar reversed-
phase/strong cation exchange SPE cartridges (An-
sys, Inc Irvine, CA, USA) were used to isolate the
compounds of interest from plasma. An Ana-
lytichem International Vac Elut 10 port vacuum
manifold with vacuum controller and gauge (Ana-
lytichem International, Harbor City, CA, USA)
was used for SPE extraction steps. Sample ex-
tracts were dried under nitrogen using a Zymark
Turbo-Vap evaporation manifold (Zymark Cor-
poration, Hopkinton, MA, USA).

2.3. Preparation of stock solutions, calibration
standards and Quality Control (QC) Samples

A certified stock solution of 625 �g/ml +FP in
1:1 acetonitrile:water was obtained from the Al-
con Research Analytical Chemistry Department.
Serial dilutions of this stock were used to prepare
four intermediate spiking solutions over the con-
centration range 0.150–250 �g/ml. Serial dilutions
of the intermediates were performed to give six
working solutions over the range 0.500–100 ng/
ml. For each validation run, plasma standard
curves are prepared in duplicate over the range of
0.010–3.00 ng/ml with a typical spiking volume
ranging from 15 to 30 �l into 1.0 ml of plasma.
Each curve included two unspiked plasma
aliquots as matrix blanks. For QC preparation, a
separate set of spiking solutions was prepared
from the same certified stock solution. QC sam-
ples were prepared in 40 ml lots at 0.040 (low),
1.25 (medium) and 2.25 (high) ng/ml concentra-
tions. Separate 1.0 ml aliquots were frozen for
routine use. Duplicate QC samples at each level
were thawed and processed with each run. IS was
diluted to a working concentration of 20 ng/ml.
Standard and IS solutions were stored at approxi-
mately 4 °C for up to 6 months.

2.4. Sample preparation procedure

Plasma samples were thawed and centrifuged to
remove particulates. One ml aliquots were then
transferred into polypropylene tubes and spiked

with 15 �l of AL-5848X Working Solution (20
ng/ml). The sample was then acidified (to approx-
imately pH 4) by addition of 1 ml each of 0.1 N
formic acid and water and mixed thoroughly.

SPEC 3 ML-MP1 15.0 mg cartridges were con-
ditioned by aspirating 500 �l of methanol under
vacuum, followed by similar treatment with 500 �l
of 0.04 N formic acid. Care was taken not to
allow the adsorbent bed to dry between condition-
ing steps. The acidified plasma was then added,
followed by an aqueous rinse of the polypropy-
lene tube (0.5–1.0 ml) to ensure quantitative
transfer. The sample was then aspirated through
the cartridges under vacuum.

Two separate rinse steps were employed to
remove endogenous components. The first used
water (single 500 �l portion), while the second
used toluene/dichloromethane (60:40 v/v, two sep-
arate 500 �l portions). After aspiration of each of
the two rinse solvents, air was aspirated under
increased vacuum to dry the adsorbent bed. Ana-
lyte and IS were then eluted with 600 �l of 1:4
toluene:methyl formate and evaporated to dryness
at 30 °C under nitrogen. The residue was recon-
stituted in 125 �l of 1:1 methanol:water.

For determination of AL-6221 by difference, a
separate plasma aliquot was spiked with 20 U of
rabbit esterase (40 IU in 0.1 ml buffered saline)
and incubated at 37 °C for 45 min to quantita-
tively hydrolyze any AL-6221 present to+FP.
Sample preparation was then performed as de-
scribed above.

2.5. Chromatographic and mass spectrometry
conditions

Thirty five microliters of the reconstituted
plasma extracts were injected onto the HPLC
column under isocratic conditions using a mobile
phase of ammonium formate 5 mM, pH 6.3 per
methanol 30/70 at 0.2 ml/min. The separation was
performed at ambient temperature (approximately
22 °C). Under these conditions, the analyte and
deuterated IS coeluted at approximately 5–5.5
min.

The mass spectrometer was equipped with a
Z-spray electrospray ionization source. Typical
source conditions were as follows, capillary 3.0
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Fig. 2. Mass spectrum of +FP parent [M�H]− ion.

kV, sample cone 40 V, extraction cone 2 V, RF
lens 0.3 V, source temperature 125 °C, and drying
gas temperature 250 °C. MS1 parameters were
LM resolution 14; HM resolution 14; and ion
energy, 1.2 V. Entrance and exit were set to 0 and
1, respectively, with collision energy of 30 eV.
MS2 parameters were LM resolution 15.0; HM
resolution 15.0; and ion energy 1.2 V. The multi-
plier was set at 650 V. Nebulizing and drying gas
flow rates were 75 and 570 l/h, respectively. The
negative ion multiple reaction monitoring (MRM)
experiments were conducted with an interchannel
delay of 0.03 s, a mass span of 0 Da and an
acquisition time of 9.0 min. Ions were collisionally
fragmented with argon at 1.5×10−3 mbar. The
MRM transitions of m/z 457�161 and 461�161
were monitored for analyte and IS, respectively.

Data were collected using MassLynx, Version 3.4
(Micromass). Chromatograms were integrated
and smoothed 2–4 times using a Moving Mean
algorithm with a two scan window. The calibra-
tion curve (peak area ratio, y-axis versus spiking
concentration, x-axis) was fitted to a first-order
linear model with intercept and 1/x weighting.

2.6. Assay �alidation

Validation was performed using four separate
validation curves, each consisting of duplicate
spiked plasma standards at nine concentrations
over the range 0.010–3.00 ng/ml. Each curve was
run on different day and included duplicate QC
samples at low, medium and high concentrations.
Control plasma from individual donors was



B.A. McCue et al. / J. Pharm. Biomed. Anal. 28 (2002) 199–208 203

Fig. 3. Product ion mass spectrum showing 3-trifluorophenolate (m/z 161) product ion signal.

screened for potential endogenous interferences.
Experiments to assess sample stability under
various conditions, as well as absolute recovery
of analyte and IS, were also included in the
validation runs.

3. Results and discussion

3.1. Mass spectrometry

The standard and IS gave deprotonated par-
ent ions [M�H]− at m/z 457 and 461, respec-
tively. Fig. 2 shows the mass spectrum for the
FP+ parent ion. Fragmentation of these ions
using collision activated dissociation (CAD)
gave a single intense product ion at m/z 161
corresponding to the 4-trifluoromethylphenolate

ion (Fig. 3). No other product ions of signifi-
cant intensity were seen for either compound,
most likely due to the extreme charge stabiliza-
tion of this ion from delocalization within the
phenol ring coupled with the electron withdraw-
ing effect of the trifluoromethyl group. MRM of
the m/z 457�161 and 461�161 transitions al-
lowed selective detection of the two co-eluting
compounds with chromatograms of control
plasma spiked with IS showing no detectable in-
terference with the analyte MRM signal. Also,
chromatograms of control human plasma from
ten individual donors showed no interfering sig-
nals for either +FP or IS. Fig. 4 shows repre-
sentative chromatograms of blank and spiked
plasma as well as from plasma collected from a
volunteer 30 min following topical ocular ad-
ministration of travoprost.
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Fig. 4. Ion chromatograms of (a) control human plasma; (b) 0.010 ng/ml quantitation limit spiked standard and (c) plasma sample
from a healthy volunteer collected 30 min after topical ocular administration of travoprost showing an AL-5848 concentration of
0.019 ng/ml. Shaded areas show peak integration for AL-5848.

Table 1
Back-calculated AL-5848 concentrations (ng/ml) for spiked human plasma calibration standards

AL-5848 Spiking concentrations (ng/ml)

0.010 0.015 0.025 0.250 0.750 1.50 2.00 2.50 3.00

0.014 0.025 0.258 0.752Mean 1.510.010 2.04 2.49 2.95
7aN 88 8 8 8 8 8 8
0.0015 0.0014 0.009 0.0150.0013 0.05S.D. 0.07 0.06 0.06

10.5 5.60 3.39 1.99 3.43 3.31 2.41 2.03R.S.D (%) 13.1
95.2 100 103 100 100 102 99.6 98.3100Accuracy (%)

a One standard failed acceptance criteria (back-calculated value greater than �20% of nominal).
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Travoprost did not form a negative ion. Nor
could adequate analytical sensitivity be obtained
in positive mode to quantify the expected ex-
tremely low parent drug levels in plasma. There-
fore, it was decided to analyze any travoprost
present by difference after esterase hydrolysis.

3.2. Analytical performance

Back-calculated concentration data for the vali-
dation runs (Table 1) showed overall good agree-
ment with theory. Only 1 out of 72 calibration
standards had to be rejected due to a back-calcu-
lated response greater than �20% from nominal.

Based on previous work in rabbit plasma, a
quantitation limit of 0.020 ng/ml for a 0.5 ml
sample volume appeared feasible, equivalent to
0.010 ng/ml for a 1 ml aliquot. To determine if
this was the actual lower limit of quantitation
(LLQ) in human plasma, spiked standards (n=5)
were prepared at 0.005, 0.010 and 0.015 ng/ml.
The response at 0.005 ng/ml concentration was
highly variable, with only two of the replicates
showing measurable peaks for +FP. At 0.010
and 0.015 ng/ml the percent R.S.D. was 8.37 and
11.9%, respectively. The mean back-calculated +
FP concentration at the 0.010 ng/ml nominal level
was 0.0098 ng/ml with 8.37% R.S.D. Based on the
acceptable precision and accuracy demonstrated

at 0.010 ng/ml and the inability to obtain repro-
ducible response at half this concentration, 0.010
ng/ml was determined to be the effective quantita-
tion limit.

Mean intra-day QC results are presented in
Table 2. The corresponding inter-day results are
shown in Table 3. Intra-day precision ranged
from 1.18 to 5.21% R.S.D., while inter-day preci-
sion ranged from 3.07 to 7.94% R.S.D. All indi-
vidual QC assays were within�15% of their
nominal concentrations.

Mean absolute recovery of +FP from human
plasma over the calibration range was 94.9�4.7%
(range, 86.9–99.5%). Mean recovery of the IS at
its nominal 0.30 ng/ml spiking concentration was
95.7�6.8% (range, 84.2–103%).

Table 4 summarizes stability of +FP in human
plasma. The results demonstrate that the com-
pound is stable in human plasma through at least
three freeze/thaw cycles, at room temperature in
unextracted plasma for at least 18 h and at −
80 °C for at least 18 months. In addition, stability
in reconstituted extracts at room temperature for
at least 24 h was shown, as was stability in dried
extract residues at room temperature, also for 24
h. Note that the long-term −80 °C QCs were
prepared at higher nominal concentrations than
those used in other stability experiments. This is
because only a less sensitive single quadrupole

Table 2
Intra-day quality control assay results for AL-5848 in human plasma

Low (0.040 ng/ml)QC Medium (1.25 ng/ml) High (2.25 ng/ml)

0.040Mean 1.27 2.28
N 6 6 6

5.25 2.32CV (%) 1.18
100Accuracy (%) 102 101

N 6 6 6

Table 3
Inter-day quality control assay results for AL-5848 in human plasma

Run Low (0.040 ng/ml) Medium (1.25 ng/ml) High(2.25 ng/ml)

Mean 0.039 1.30 2.28
8 8N 8

CV (%) 7.94 3.85 3.11
10110497.5Accuracy (%)
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instrument was available at the time these QCs
were prepared and tested.

An in vitro experiment was performed to deter-
mine the extent of AL-6221 hydrolysis which
would be expected during sample collection and
handling. Control human plasma at room temper-
ature was spiked with AL-6221 at 1.25 and 2.25
ng/ml and immediately spiked with IS and ex-
tracted as described above. The resulting +FP
assay results showed approximately 8% of the
parent ester hydrolyzing in this short time period.
These results demonstrated that determination of
the AL-6221 plasma concentration at the moment
of sample collection was unfeasible. The purpose
of the reanalysis with esterase incubation to deter-
mine AL-6221 by difference was to ensure that
exposure to all potentially active drug-related ma-
terial was measured. In light of these findings, no
long-term frozen stability data for AL-6221 in
human plasma was generated.

3.3. Clinical sample analysis

The validated method was used to determine
+FP plasma concentrations following topical oc-
ular administration of either 0.0015 or 0.004%
AL-6221 ophthalmic solution to normal volun-
teers once each morning for 1 week. On days 1
and 7, blood samples were collected into vacuum
blood collection tubes containing tripotassium
EDTA as anticoagulant. Blood collections were
performed immediately prior to dosing and at 5,
10, 15, 30 min and 1, 2, 4 and 8 h post-dose. Each
sample was immediately mixed by manual inver-
sion to disperse the anticoagulant and placed on
ice. Within 30 min after collection, samples were
centrifuged and the plasma fraction transferred to
a polypropylene cryogenic storage tube and
frozen at −70 °C. Samples were maintained at
or below −70 °C until analyzed.

The results showed quantifiable AL-5848 con-
centrations in 38 out of 355 samples with values
ranging from 0.010 to 0.025 ng/ml. All quan-
tifiable results came from samples collected within
30 min after dosing. Fig. 2 shows a typical chro-
matogram for a subject exhibiting quantifiable
+FP plasma concentrations. Reanalysis of high
dose (0.004% AL-6221) samples showed a greater

incidence of +FP concentrations in incubated
samples being slightly higher than the correspond-
ing non-incubated samples. This suggests that
trace amounts of parent drug may have been
present in the samples. The concentrations, how-
ever, would have been extremely low.

The validation results have shown the LC/MS/
MS procedure for +FP in human plasma to have
accuracy within 97.5–104% of nominal and preci-
sion within 6.92% R.S.D. or better, based on the
inter-day QC results. Sensitivity is sufficient to
demonstrate quantifiable systemic exposure fol-
lowing extremely low topical ocular doses of the
parent ester pro-drug. The technique is relatively
selective and robust in comparison to im-
munoassay procedures and does not require
derivatization steps, as do GC-based methods for
prostaglandins.
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