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Selective and sensitive liquid chromatography–tandem mass spectrometry
method for the determination of levonorgestrel in human plasma
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Abstract

A selective, sensitive and rapid liquid chromatography–tandem mass spectrometry method for the determination of levonorgestrel in plasma
was developed. An Applied Biosystems API 3000 triple quadrupole mass spectrometer set to multiple reaction monitoring (MRM) mode, using
atmospheric pressure photospray ionisation (APPI) in the positive mode. Using 17-�-methyltestosterone as internal standard (IS), liquid–liquid
extraction was followed by reversed phase liquid chromatography using a phenyl–hexyl column and tandem mass spectrometric detection.
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he mean recovery for levonorgestrel and 17-�-methyltestosterone was 99.5 and 62.9%, respectively. The method was validated fro
o 130 ng levonorgestrel/ml plasma with the lower limit of quantification (LLOQ) set at 0.265 ng/ml. This assay method makes u
ncreased sensitivity and selectivity of tandem mass spectrometric (MS/MS) detection, allowing for a rapid (extraction and chroma
nd selective method for the determination of levonorgestrel in human plasma. The assay method was used in a pharmacokin
uantify levonorgestrel in human plasma samples generated after administrating a single oral dose of 1.5 mg levonorgestrel to he
olunteers for up to five half lives. The total chromatographic runtime of this method was 5.0 min per sample, allowing for analysis
umber of samples per batch.
2004 Elsevier B.V. All rights reserved.
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. Introduction

Levonorgestrel, (17-�)-(+/−)-13-ethyl-17-hydroxy-18,
9-dinorpregn-4-en-20-yn-3-one, is a synthetic female
ontraceptive hormone used in pregnancy prevention in
umans. The monitoring of plasma levels of this drug as
ell as other oral contraceptives has brought about changes

n formulations (lowering the expected effective dose) and
hus limiting clinical side effects[1]. Johnston[2] described

conventional HPLC method for the determination of
ral contraceptives including levonorgestrel. Berzas et al.

3] evaluated the use of capillary electrophoresis versus
n HPLC method. These methods are however not sen-
itive enough for pharmacokinetic analysis of low doses
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of levonorgestrel. Radio-immuno assay (RIA) meth
have been used for determination of levonorgestrel du
pharmacokinetic studies[1,4] reaching low detection leve
in the pg/ml range. These methods are sensitive, bu
expensive, time consuming, hazardous due to radio a
labelling and non-specific. Lauritsen and Rose[8], described
a method using desorption chemical ionisation memb
inlet mass spectrometry (DCI-MIMS) for identification
steroid hormones including levonorgestrel. LC–MS/
is becoming the preferred method for quantitative
terminations due to rapid, highly selective and sens
analysis. LC–MS/MS methods using turbo-electros
ionisation (ESI) for determination of levonorgestrel
human serum[5], environmental water[6] and sewag
effluent[7] have been described, but the APPI source
in our laboratory lower the background noise produ
by ESI, enabling us to develop a more sensitive met
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with high sample throughput due to short chromatographic
conditions and simple sample preparation. Kushnir et al.
[9] used atmospheric pressure photo-ionisation with tandem
mass spectrometry to analyse cortisol and cortisone in serum
and plasma.

2. Experimental

2.1. Materials and chemicals

A phenomenex Luna® phenyl–hexyl 5�m, 2.0 mm×
150 mm reverse phase analytical column (Phenomenex, Tor-
rance, CA, USA) was used for chromatographic separation
at a flow-rate of 0.3 ml/min. The mobile phase was delivered
by an Agilent Series 1100 isocratic pump and the samples in-
jected by an Agilent Series 1100 autosampler (Agilent, Palo
Alto, CA, USA). Detection was performed by an Applied
Biosystems API-3000 mass spectrometer (Applied Biosys-
tems, Ontario, Canada) fitted with an atmospheric pressure
photospray ionisation (APPI) source operating in the positive
ion mode.

Acetonitrile, hexane and methanol (Burdick and Jackson,
High Purity) were obtained from Baxter chemicals (USA),
formic acid from BDH (England) and was used without fur-
t ned
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�-methyltestosterone/ml water) and 5 ml organic solvent
(hexane:iso-amyl alcohol, 98:2, v/v) added. The samples
were vortex-mixed for 90 s and centrifuged at 1300× g to
aid layer separation of the aqueous and organic solvents.
The aqueous phase was frozen in an alcohol freezing bath
at −25◦C and the organic layer was decanted into a 5 ml
amber ampoule.

The organic solvent was evaporated under a stream of ni-
trogen at 55◦C until dry. The residue was reconstituted in
150�l, 2% formic acid solution and vortexed for 45 s. The
mixture was transferred to 96 deep-well plates, placed onto
the autosampler and injected.

2.4. Liquid chromatography

Chromatography was performed at ambient temperature
with a mobile phase consisting of acetonitrile, methanol,
and 0.1% formic acid (45:35:20, v/v/v) at a flow-rate of
0.3 ml/min. All chromatographic solvents were degassed by
sparging helium through the solution for 4 min.

2.5. Mass spectrometry

Atmospheric pressure photospray ionisation was per-
formed in the positive ion mode with nitrogen as the neb-
u of 9
( uartz
t ob-
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her purification. Iso-amyl alcohol (pro analysi) was obtai
rom Merck (Merck, Germany). Water was purified by M
ipore Elix 5 reverse osmosis and Milli-Q® (Millipore) Gra-
ient A10 polishing system (Millipore, Bedford, MA, USA
evonorgestrel (C21H28O2) and 17-�-methyltestosteron
C20H30O2) were obtained from Orgasynth Industries (Pa
rance) and FARMOVS-PAREXEL internal chemical re
nce library, respectively.

.2. Preparation of standards and quality control
amples

Calibration standards (STD) were prepared by dissol
ure reference standard of levonorgestrel powder in met

o obtain a stock solution, which was used to spike a
f blank human plasma (stripped of endogenous com
ents). By serial dilution with blank human plasma (1:1,
calibration standard range between 0.265 and 130 n
as obtained. Similarly, quality control standards (QC) w
repared (using the same methodology, but different s
olutions) spanning a range between 0.340 and 113 n
ufficient calibration standards and quality controls were
ared to validate the method and assay all the study sam
liquots of the standards and quality controls were st

n polypropylene tubes together with the study sample
20◦C until processed.

.3. Extraction procedure

Plasma samples (1 ml) were pipetted into 10 ml
er ampoules, 100�l internal standard solution (150 ng 1
.

lizing and auxiliary gas both set at an optimal value
arbitrary values) and the temperature of the heated q
ube was set at 380◦C. The APPI source settings were
ained after conducting flow injection analysis. Toluene
sed as a dopant-liquid and delivered via a post column
ource interface T-piece at a flow rate of 30�l/min. A turbo
lectrospray ionisation (ESI) source was used to opti

he triple quadrupole settings of the instrument for de
ion of levonorgestrel and 17-�-methyltestosterone by infu
ng a 500 ng/ml solution of each drug dissolved in a for
cid: methanol (1:99, v/v) solution at a constant flow
f 10�l/min. The pause time was set at 5 ms and the d

ime at 150 ms. The collision gas (N2) was set at 9 (arbitrar
alue).

The Applied Biosystems API 3000 mass spectro
er was operated at unit resolution in the multiple re
ion monitoring (MRM) mode, monitoring the transiti
f the protonated molecular ionsm/z 313.0 and 303.0 t

he product ionsm/z 109.1 and 96.9 for levonorgestrel a
7-�-methyltestosterone, respectively.Fig. 1 shows a ful
can mass spectrum of pure levonorgestrel showing
+ 1 precursor ion of protonated levonorgestrel (m/z313.0,
olecular structure given) overlaid by a full-scan mass s

rum of levonorgestrel after collision, showing the m
bundant product ions and the principal product ion atm/z
09.1.Fig. 2 shows a full scan mass spectrum of pure
-methyltestosterone showing the M + 1 precursor io
rotonated 17-�-methyltestosterone (m/z 303.0, molecula
tructure given) overlaid by a full scan mass spectrum o
-methyltestosterone after collision, showing the most a
ant product ions and the principal product ion atm/z 96.9.
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Fig. 1. Full mass spectrum of protonated levonorgestrel showing the (M + 1)
ion (m/z 313.0, molecular structure given) overlaid by the product ion scan
obtained after collision.

Fig. 2. Full mass spectrum of protonated 17-�-methyltestosterone showing
the (M + 1) ion (m/z303.0, molecular structure given) overlaid by the product
ion scan obtained after collision.

The instrument was interfaced with a computer running Ap-
plied Biosystems Analyst version 1.2 software.

2.6. Validation

The method was validated by analysing quality control
samples during three independent validation batches at eight
different concentrations of levonorgestrel ranging from 0.340
to 113 ng/ml to determine the accuracy and precision of the
method. The quality control values of levonorgestrel were

interpolated from a calibration curve containing nine differ-
ent calibration standards spanning the concentration range of
0.265–130 ng/ml.

A 1/(concentration)2 linear regression was used to con-
struct the levonorgestrel calibration curve of the drug peak
area ratios of the analyte/IS versus nominal drug concentra-
tions.

A system performance verification standard (SPVS) was
prepared by extracting drug-free plasma as described previ-
ously and reconstituting it with 2% formic acid containing a
known concentration of levonorgestrel and internal standard.
Absolute recovery of the analyte was determined in triplicate
in normal plasma by comparison of the analyte peak areas of
the extracted quality control samples with those of the non-
extracted system performance verification standard mixtures,
representing 100% recovery.

The matrix effect (co-eluting, undetected endogenous ma-
trix compounds that may influence the analyte ionisation) was
investigated using the procedure described by Matuszewski
et al.[10].

3. Results and discussion

The extraction efficiency is displayed by the mean abso-
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Table 1
Summary of absolute recovery data showing the efficiency of levonorgestrel

Curve position Analyte concentration (ng/ml) Mean of peak .D. (%)

After extraction

High 15.0 875,767
Medium 2.70 163,850
Low 0.68 41,170
IS 150 7,321,667
ute recovery value of 99.5 and 62.9% for levonorgestrel
7-�-methyltestosterone, respectively (Table 1summarise

he results). Matrix effect was tested at two different c
entrations of levonorgestrel, i.e. 25 and 100 ng/ml. Tho
atrix effect cannot be excluded as an ion suppression

or, it was observed that for 10 different plasma pools tes
ad little to no influence on the reproducibility of the meth
he peak area ratio of the 10 reconstituted samples had
fficient of variation of 6.18 and 6.43% at 25 and 100 ng
espectively. Matrix interference also has little effect on
eproducibility of 17-�-methyltestosterone used as inter
tandard (coefficient of variation of 6.8%).

The much higher selectivity of MS/MS detection allow
he development of a very specific and rapid method fo
etermination of levonorgestrel in plasma. The LLOQ,
ned as that concentration of levonorgestrel, which can
e determined with acceptable precision (CV% < 20) an
uracy (bias < 20%) was found to be 0.265 ng/ml (con
ration of the lowest calibration standard) with a signa
oise ratio of more than 5. Results of the intra-batch

nter-batch validation assays presented inTable 2indicate

and 17-�-methyltestosterone extraction from plasma

areas Absolute recovery R.S

Theoretical value

903,557 96.9 7.5
162,640 100.7 10.0
40,720 101.1 6.3

11,641,432 62.9 7.1
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Table 2
Summary of intra- and inter-batch quality control results

Nominal value

113 ng/ml 56.4 ng/ml 28.2 ng/ml 14.1 ng/ml 7.05 ng/ml 1.34 ng/ml 0.668 ng/ml 0.340 ng/ml

Mean 113.13 56.43 28.71 14.23 7.16 1.37 0.69 0.33
%Nom 100.1 100.1 101.8 100.9 101.5 102.5 104.0 96.4
R.S.D. (%) 3.4 3.9 3.4 3.0 3.0 3.9 5.2 7.2
n 18 18 18 17 17 18 18 17

a valid calibration range for determination of levonorgestrel
of 0.265–130 ng/ml. The quality control values found during
the processing of 10 study sample batches over a period of
10 days are summarised inTable 3and attest to the excellent
inter-day performance of the assay method.

Due to the high specificity of MS/MS detection, no in-
terfering peaks were found when chromatographing blank
plasma extracts from six different sources.

To optimise chromatographic conditions different ana-
lytic columns, mobile phase solutions and injection solvents
were tested. Reverse phase C8 and C18 columns retained
the analytes for more than 15 min, even when used with
mobile phases containing high volumes of acetonitrile and
methanol, making it unpractical for high throughput analysis.
A mobile phase of hexane:2-propranol (90:10, v/v) was also
tested, but the chromatography was unacceptable. Though
the retention on cyano columns was between 4 and 5 min,
the chromatographic peak shapes were not satisfactory. A
phenyl–hexyl column with mobile phase consisting of ace-
tonitrile:methanol:0.1% formic acid (45:35:20, v/v/v) gave
excellent chromatography in acceptable run times (5 min) for
high throughput analysis.

During the method development stage turbo-electrospray
ionisation (ESI+) was initially used. The sensitivity was not
sufficient for the expected plasma concentration level of the
l rent
d rove
s tmo-
s with
t tor of
4

sol-
v tz
t p.
T rged
t lytes
t an

T
S rocessing of 10 batches of levonorgestrel study samples

.05 ng/ml 1.34 ng/ml 0.668 ng/ml 0.340 ng/ml

M 7.17 1.33 0.655 0.349
% 1.7
R 5.3
n 0

Fig. 3. A representative chromatogram to illustrate the retention times of
levonorgestrel (I) and the internal standard, 17-�-methyltestosterone (II).

be detected by the MS/MS system. The composition of the
mobile phase also contributes to the charge transfer during
ionisation.

Various other steroid hormones, including norethistrone,
ethinyl estradiol, dehydroisoandosterone and medroxypro-
gesterone acetate were evaluated as possible internal
standards, but 17-�-methyltestosterone compensated best
for fluctuations during extraction and ionisation. Hexane,
hexane:iso-amyl alcohol (98:2, v/v), pentane andtert-butyl-
methyl ether were tested during extraction optimisation.
Hexane:iso-amyl alcohol (98:2, v/v) gave the best recovery
with high reproducibility.

The retention times for levonorgestrel (I) and 17-�-
methyltestosterone (II) were 2.38 and 2.18 min, respectively
(Fig. 3). The total chromatography run time of 5.0 min made
it possible to analyse a large number of samples in a batch.
Fig. 4 shows a representative chromatogram obtained of a
levonorgestrel calibration standard (I) at a concentration of
0.265 ng/ml in plasma (the LLOQ) and of a study sample
ate elimination phase of the pharmacokinetic study. Diffe
erivatisation reactions were investigated in order to imp
ensitivity, which proved to be unsuccessful. Using the a
pheric pressure photospray ionisation (APPI+) source
oluene as dopant the sensitivity was increased by a fac
.

In the APPI source, the mobile phase and dopant
ent (toluene) were evaporated at 380◦C in the heated quar
ube prior to ionisation excitation obtained from a UV lam
he toluene is easily ionised in this process. The cha

oluene molecules then transfer the charge to the ana
o form the positively charged M + 1 molecule, which c

able 3
ummary of the inter-day quality control results obtained during the p

Nominal value

28.2 ng/ml 14.1 ng/ml 7

ean 29.3 14.6
Nom 104.0 103.6 10
.S.D. (%) 5.0 4.4

20 20 2
99.1 98.0 103.0
5.5 6.6 10.0
20 19 19
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Fig. 4. High-performance liquid chromatograms of the calibration standard
at the limit of quantification (I) containing 0.265 ng/ml levonorgestrel and
of a study sample (II) at the late elimination phase (96 h after dose) of the
pharmacokinetic profile for the analyte.

(II) taken during the late elimination phase (96 h after drug
administration) of the pharmacokinetic profile.

This assay method was employed to analyse plasma sam-
ples containing levonorgestrel obtained from 18 healthy post-
menopause female volunteers after administrating a single
oral dose of 1.5 mg levonorgestrel each. Concentration ver-
sus time profiles were constructed for up to 120 h after drug
administration (Fig. 5).

3.1. Stability

On-instrument stability was inferred from extracted qual-
ity control samples cooled to 5◦C on the autosampler while
awaiting injection. By regression analysis of the analyte con-
centration against cumulative time it was deducted that lev-
onorgestrel tends to decrease by only 0.23% over a period of
31 h and considered to be stable on-instrument for this period.

Plasma samples containing known concentrations of lev-
onorgestrel was subjected to three freeze–thaw cycles to as-
certain freeze–thaw stability. The levonorgestrel within these
samples were stable during this process yielding concen-

F tained
a ts).

Table 4
Matrix stability data showing levonorgestrel to be stable at−20◦C after
storage for 267 days

Nominal concentration

2.67 ng/ml 14.1 ng/ml

Mean 2.77 14.29
%Nom 103.7 101.4
R.S.D. (%) 2.28 4.43

trations of 95.5 and 96.6% from the nominal at 56.4 and
14.1 ng/ml, respectively. Levonorgestrel is stable in solution
(methanol) at 4◦C,−20◦C and room temperature for at least
24 h. No degradation occurred after leaving quality control
plasma samples on bench top at room temperature over a
period of 16 h.

Long term matrix stability at−20◦C was assessed over a
period of 267 days using two different concentrations of lev-
onorgestrel. Levonorgestrel is stable in plasma when stored at
−20◦C in polypropylene tubes for at least 267 days (Table 4).

4. Conclusion

A rapid, sensitive and highly selective method for the de-
termination of levonorgestrel in plasma was developed, using
high-performance liquid chromatographic separation with
tandem mass spectrometric detection. Atmospheric pressure
photospray ionisation (APPI+) improved the sensitivity four
times compared to turbo-electrospray ionisation (ESI+). The
advantages of using atmospheric pressure photospray ionisa-
tion made it possible to use this LC–MS/MS method for anal-
ysis of large number of samples with great precision during
pharmacokinetic studies. This newly developed assay method
was used in a pharmacokinetic study in which 18 healthy post
m g sin-
g re se-
l and
R due
t am-
p nce
w ent
r e ion
s was
u till in
g ndi-
c llent
a l in
h

R

.

ta 50
ig. 5. Levonorgestrel plasma concentrations vs. time profile as ob
fter a single 1.5 mg oral dose of levonorgestrel (average of 18 subjec
enopause female volunteers were each given a 1.5 m
le oral dose of levonorgestrel. The assay method is mo

ective than previously described methods (HPLC, TLC
IA) and allows for a much higher sample throughput

o the short chromatography time (5.0 min) and simple s
le preparation. Robust LC–MS/MS instrument performa
as observed, with only slight variations in the instrum

esponse within batches. It was not necessary to clean th
ource during the entire study. A single analytical column
sed to chromatograph about 1250 extracts and was s
ood working condition after the study was completed i
ating sufficient sample clean-up. This method is an exce
nalytical option for rapid quantification of levonorgestre
uman plasma.
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[6] M.J. Lòpez de Alda, D. Barcelo, J. Chromatogr. A 911 (2001) 203.
[7] H.M. Kuch, K. Ballschmiter, Fresenius J. Anal. Chem. 366 (2000)

392.

[8] F.R. Lauritsen, J. Rose, Analyst 125 (2000) 1577.
[9] M.M. Kushnir, R. Neilson, W.L. Roberts, A.L. Rockwood, Clin.

Biochem. 37 (5) (2004) 357.
[10] B.K. Matuszewski, M.L. Constanzer, C.M. Chavez-Eng, Anal. Chem.

70 (1998) 882.


	Selective and sensitive liquid chromatography-tandem mass spectrometry method for the determination of levonorgestrel in human plasma
	Introduction
	Experimental
	Materials and chemicals
	Preparation of standards and quality control samples
	Extraction procedure
	Liquid chromatography
	Mass spectrometry
	Validation

	Results and discussion
	Stability

	Conclusion
	References


