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ABSTRACT: A rapid and sensitive liquid chromatography–tandem mass spectrometry (LC/MS/MS) method to determine
levonorgestrel in human plasma was developed and fully validated. After hexane–ethyl acetate (70:30, v/v) induced extraction
from the plasma samples, levonorgestrel was subjected to LC/MS/MS analysis using electro-spray ionization. The MS system was
operated in the selected reaction monitoring mode. Chromatographic separation was performed on a Hypersil BDS C18 column
(i.d. 2.1 × 50 mm, particle size 3 μm). The method had a chromatographic running time of 2.0 min and linear calibration curves
over the concentration ranges of 0.25–90 ng/mL for levonorgestrel. The lower limit of quantification of the method was 0.25 ng/
mL for levonorgestrel. The intra- and inter-batch precision was 3.7–10.2 and 5.1–12.9%, respectively, for all quality control samples at
concentrations of 0.5, 6.0 and 45.0 ng/mL. These results indicate that the method was efficient with a simple preparation procedure
and a very short running time (2.0 min) for levonorgestrel compared with those methods reported in the literature and had high
selectivity, acceptable accuracy, precision and sensitivity. The validated LC/MS/MS method was successfully used for a
bioequivalence study of two tablet formulations of levonorgestrel in healthy volunteers. Copyright © 2008 John Wiley & Sons, Ltd.
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INTRODUCTION

Levonorgestrel (17-α)-(+/−)-13-ethyl-17-hydroxy-18,19-
dinorpregn-4-en-20-yn-3-one (chemical structure shown
in Fig. 1) is a synthetic progestational hormone. Norgestrel
was first synthesized in the 1950s as a racemic mixture
(D- and L-enantiomers). Levonorgestrel is the biologically
active levorotory enantiomer, known as D-norgestrel. It
possesses strong progestational and anti-ovulatory acti-
vities with no estrogenic effects. Levonorgestrel is used
as a progestin-only emergency contraceptive and, when
administered at lower doses either alone or in combina-
tion with an estrogen, as an oral contraceptive (Kook
et al., 2002).

Figure 1. Chemical structure of levonorgestrel. This figure is
available in colour online at www.interscience.wiley.com/
journal/bmc

To determine this drug in human plasma, a rapid,
accurate and reliable analytical method is needed. Various
analytical methods have been reported for the measure-
ment of levonorgestrel in bio-matrix including direct
radioimmunoassay (Watson and Stewart, 1988), con-
ventional HPLC method (Stokes et al., 1992), derivative
spectrophotometry method (Berzas et al., 1997) and gas
chromatography with negative ionization mass spectro-
metric detection (Kook et al., 2002). However, these
methods suffer from disadvantages such as a complicated
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and time-consuming sample preparation procedures
and hazards due to radioactive labelling. Recently, liquid
chromatographic/mass spectrometric method using atmo-
spheric pressure photospray ionization (APPI) has been
used to determine levonorgestrel in human serum and
plasma (Theron et al., 2004). However, this method still
required a long chromatographic separation time (4–
5 min) and a high lower limit of quantitation (LLOQ; an
LLOQ of 0.265 ng/mL was achieved for 1 mL of samples).

To overcome all these problems, we developed a
rapid and sensitive LC/MS/MS method using electro-
spray ionization (ESI) to measure levonorgestrel in
human plasma with a one-step liquid–liquid extraction.
The method exhibited excellent performance in terms
of high selectivity, robustness and excellent efficiency
(2.0 min of running time per sample) with simplicity of
sample preparation. The method was fully validated
and successfully applied to a bioequivalence study of
two tablet formulations of levonorgestrel in healthy
Chinese volunteers.

EXPERIMENTAL

Chemical and reagents. Levonorgestrel was provided by
Wanfangjian Pharmaceutical Co. (Canton, China), which had
a relative purity of 99.9% as compared with the standards
from the National Institute for the Control of Pharmaceutical
and Biological Products (Beijing, China). The enteric-coated
tablet containing 1.5 mg levonorgestrel as test tablet was
produced and provided by Wanfangjian Pharmaceutical Co.
(Canton, China), and the reference tablet containing 0.75 mg
levonorgestrel was produced by Zi-Zhu Pharmaceutical Co.
(Beijing, China). Methanol, acetonitrile and formic acid of
HPLC grade were all purchased from Tedia Company Inc.
(Beijing, China). All other reagents were of analytical grade.
Blank human plasma was obtained from the Blood Center of
the first affiliated hospital, Sun Yat-sen University. Double-
distilled water was applied throughout the experiment. Ultra-
pure water was obtained from a Milli-Q Plus water purification
system (Millipore, Bedford, MA, USA).

Preparation of standard and quality control samples. The
stock solution of levonorgestrel was prepared by dissolving
the accurately weighed reference compounds in methanol–
water (50:50, v/v) to give a final concentration of 200 ng/L.
The solutions were then serially diluted with methanol–water
(50:50, v/v) to obtain standard working solutions at concen-
trations of 1000, 900, 450, 150, 60, 15, 5 and 2.5 ng/mL. All
the solutions were stored at 4°C and were brought to room
temperature before use Calibration solutions were prepared
by spiking blank human plasma with levonorgestrel standard
solutions to give concentrations of 0.25, 0.5, 1.5, 6.0, 15.0,
45.0 and 90.0 ng/mL. Quality control (QC) samples, which
were used both in prestudy validation and during each experi-
mental run of the bioequivalence study, were prepared by
spiking control human plasma with levonorgestrel standard
solutions to give concentrations of 0.5, 6.0 and 45.0 ng/mL for
levonorgestrel.

Sample preparation. To 500 μL human plasma in a 10 mL
glass tube, 2 mL of hexane–ethyl acetate (70:30, v/v) were
added. After vortexing for 60 s and centrifugation at 1400g
for 5 min, 1 mL of the supernatant was transferred to another
clean 10 mL test tube, and then vaporized under vacuum at
50°C. The residue was reconstituted in 100 μL methanol–water
(containing 0.1% formic acid; 70:30, v/v) and vortexed for
60 s, and then the mixture was transferred and 10 μL of the
supernatant was directly injected onto the LC/MS/MS system
for analysis.

Liquid chromatographic and mass spectrometric conditions.
A Surveyor MS Pump (Thermo Finigan) and a Surveyor
Autosampler were used for solvent and sample delivery.
Chromatographic separation was achieved by using a Hypersil
BDS C18 column (i.d. 2.1 × 50 mm, 3 μm, Elite Co. Ltd,
Da Lian, China) at 25°C. The mobile phase consisted of
acetonitrile–water (containing 0.1% formic acid; 69:31, v/v),
pumped at a flow rate of 200 μL/min. Total run time was
2.0 min for each injection.

A Thermo Finigan TSQ Quantum triple quadrupole mass
spectrometer equipped with an ESI source was used for mass
analysis and detection. Mass spectrometric analysis was
performed in the positive ion mode (ESI+) and set up in the
selected reaction monitoring (SRM) mode. Nitrogen was used
as the sheath gas (35 psi) and the auxiliary gas (5 psi). The
capillary temperature was 350°C. The spray voltage was 3500 V.
Collision-induced dissociation (CID) studies were performed
and argon was used as the collision gas with a collision cell
gas pressure of 1.2 mTorr (1 Torr = 133.3 Pa). The collision
energy was 20 V for levonorgestrel. Based on the full-scan
mass spectra of the analyte, the most abundant ions were
selected and the mass spectrometer was set to monitor the
transitions of the precursors to the product ions as m/z 313.1–
245.1 for levonorgestrel. The scan time for each analyte was
set to 0.1 s. Full-scan mass spectra of [M + H]+ of levonor-
gestrel and its respective product ion spectra are shown in
Fig. 2. Data acquisition was performed with Thermo Finigan
Xcalibur 1.3 software. Peak integration and calibration were
performed with Thermo Finigan Lcquan software.

Method validation. The method was validated for selectiv-
ity, accuracy, precision, recovery, calibration curve range and
reproducibility according to the FDA guideline for validation
of bioanalytical methods (FDA, 2001). The absolute and rela-
tive matrix effect (ME) on the spectral response of levonor-
gestrel was assessed as described by Matuszewski et al. (2003).
The selectivity was investigated by preparing and analyzing
six individual human blank plasma samples at LLOQ. The
LLOQ was defined as the lowest concentration of the analyte
measured with acceptable precision and accuracy [relative
standard deviation (RSD) and relative error <20%], and the
analyte’s response at this concentration level was >5 times the
baseline noise. Linearity was assessed by analyzing levonor-
gestrel standards (0.25–90 ng/mL) in human plasma. Calibration
curves were analyzed by weighted linear regression (1/x) of
assayed–nominal drug peak area ratios.

Accuracy and precision were assessed by determining QC
samples at three concentration levels (five samples each con-
centration) on three different validation days. The precisions
were determined as the RSD (%) and the accuracies were
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expressed as a percentage of the nominal concentration. The
criteria used to assess the suitability of precision and accuracy
was as follows: the RSD should not exceed 15% and the
accuracy should be within 80–120%. Furthermore, the recov-
ery (extraction efficiency) of analyte from human plasma
was determined by comparing the areas of spiked plasma
samples before and after liquid extraction that represent
100% recovery.

The stability of analyte was assessed by determining QC
samples at three concentrations (five samples each), exposed
to different time and temperature conditions. The stability
studies included: (a) stability at room temperature (22–25°C)
for 4 h; (b) stability after two freeze–thaw cycles; (c) stability
of the extracted samples at room temperature (22–25°C) for
12 h; and (d) the long-term stability after storage at −30°C
for 79 days. During routine analysis, each analytical run in-
cluded blank plasma, a set of calibration samples, a set of QC
samples and unknowns.

Bioequivalence study. The validated method was applied to
a bioequivalence study of levonorgestrel tablets. Twenty
healthy adult female volunteers participated in this study. The
volunteers were all adult Chinese who were selected after
a thorough medical, biochemical and physical examination.
Informed consent was obtained from all the subjects after
explaining the aim and risks of the study. The study protocol
was approved by the Human Investigation Ethical Committee
of School of Pharmaceutical Sciences at the Sun Yat-sen
University, Guangzhou, China.

The study was of a single-dose, randomized, two-period
crossover design. Dosing periods were separated by 35-day
washout period. After an overnight fasting (10 h), the volun-
teers orally took the assigned tablet with 200 mL of water.
Regular standardized low-fat meals were provided at 4 h after
dose administration, and water intake was allowed at 2 h
following drug administration. Following drug administration,
venous blood samples (5.0 mL) were collected into hepari-
nized tubes at the following times: immediately before admin-
istration, and 0.25, 0.5, 1, 2, 3, 4, 6, 9, 12, 24, 60 and 96 h after
dosing. Blood samples were centrifuged at 1800g for 10 min

to obtain the plasma. The plasma samples were labeled and
kept frozen at −30°C until analysis.

Calculation of pharmacokinetic parameters was done using
the Bioavailability and Bioequivalence Program Package
(Version 2.1, Institute of Clinical Pharmacology, School of
Pharmaceutical Sciences, Sun Yat-set University). The elimi-
nation rate constant (β ) was obtained as the slope of the
linear regression of the log-transformed concentration values
vs time data in the terminal phase. The elimination half-life
(t1/2β) was calculated as 0.693/β. Time of peak plasma con-
centration (Tmax) and peak plasma concentration (Cmax) were
read directly from the observed concentration vs time pro-
files. The area under the curve to the last measurable con-
centration (AUC0−t) was calculated by the linear trapezoidal
rule. The area under the curve to infinity (AUC0→∞) was
calculated as AUC0→∞ = AUC0−t + Ct/β, where Ct is the last
measurable concentration.

For the bioequivalence analysis, the Cmax, AUC0−t, and
AUC0→∞ were considered as primary variables. Statistical
significance of variations in the different formulations was
tested according to a one-way analysis of variance (ANOVA)
followed by Dunnett’s test using the Excel 2000 program. The
products were considered bioequivalent if the difference
between the two compared parameters was statistically
insignificant (p ≥ 0.05) and the 90% confidence interval (CI)
for these parameters fell within 80–125%.

RESULTS AND DISCUSSION

Method development

In this study, ESI was chosen as the ionization source.
It was found that the signal intensity of levonorgestrel
in human plasma was high using ESI source and the
ESI source provided satisfactory data on method vali-
dation and subsequent quantitation for plasma samples
from healthy volunteers. By ESI, levonorgestrel formed
predominantly protonated molecules [M + H]+ of m/z

Figure 2. MS/MS product ion spectrum of levonorgestrel with [M + H]+ at m/z 313.16
as the precursor ion.
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313.1 in full-scan spectra. To determine levonorgestrel
using SRM mode, full-scan and product ion spectra
of the analyte were investigated. The most abundant
ion in the product ion mass spectrum was at 245.1
for levonorgestrel, which is presented in Fig. 2. It was
found that the capillary temperature and the spray
voltage did not significantly influence the MS behavior
of the analyte and remained unchanged at the recom-
mended value of 350°C and 3.5 kV. Therefore, the
SRM transition of m/z 313.1–245.1 for levonorgestrel
was selected to obtain maximum sensitivity.

In the present study, a simple liquid–liquid extraction
procedure was used. Levonorgestrel was not detectable
with protein precipitation extraction during our method
development. On the other hand, it was found that the
extraction efficiency was increased when liquid–liquid
extraction (LLE) using dichloro-methane, n-hexane,
ethyl acetate and n-hexane–ethyl acetate extraction
procedure were used. For n-hexane–ethyl acetate extrac-
tion, the extraction recovery was increased when the
ratio changed from 30:70, 50:50, 90:10 to 70:30. It was
found that all solvents gave high extraction efficiency
for levonorgestrel, which was very similar to the
reported literature (Theron et al., 2004).

Various combinations of methanol or acetonitrile
and water with changed content of each component
were investigated and compared to identify the optimal
mobile phase that produced the best sensitivity,
efficiency and peak shape. A mobile phase consisting
of acetonitrile–water (containing 0.1% formic acid) was
finally used and the ratio of 61:39 (v/v) was optimal.
Each chromatographic run was completed within
2.0 min.

Method validation

Selectivity. The LC/MS/MS method demonstrated
high specificity because only ions derived from the
analytes of interest were monitored. The selectivity
towards endogenous plasma matrix was tested in six dif-
ferent batches of human plasma samples by analyzing
blanks and samples at LLOQ levels. Observing the
chromatographs indicated no significant visible inter-
ference at the expected retention times of the analyte
since levonorgestrel was modified to elute in a region
where visible interference is not observed. Chromato-
grams of blank human plasma and the plasma at
LLOQ levels are shown in Fig. 3. The retention time
for levonorgestrel was 1.45 min. The method had the
shortest total running time (2.0 min) for determination
of levonorgestrel in human plasma compared with
those reported in the literature (Theron et al., 2004).

Matrix effects. The absolute and relative ME on the
spectral response of levonorgestrel was assessed as
described by Matuszewski et al. (2003). To evaluate the

Figure 3. Representative selected reaction monitoring
chromatograms of levonorgestrel in human plasma. (A) A
blank plasma sample; (B) a blank plasma sample spiked with
levonorgestrel at the LLOQ of 0.25 ng/mL; and (C) plasma
sample from a healthy volunteer 10 h after an oral adminis-
tration of 1.5 mg levonorgestrel. This figure is available in
colour online at www.interscience.wiley.com/journal/bmc

absolute matrix effect, i.e. the potential ion suppression
or enhancement due to the matrix components, five
different batches of blank plasma were extracted by
hexane–ethyl acetate and then spiked with the analyte
at QC concentrations. The corresponding peak areas of
the analyte in spiked plasma post-extraction (B) were
then compared with those of the aqueous standards
in mobile phase (A) at equivalent concentrations. The
ratio (B/A × 100) is defined as the ME. A ME value of
100% indicates that the response in the mobile phase
and in the plasma extracts was the same and no
absolute matrix effect was observed. A value of >100%
indicates ionization enhancement, and a value of
<100% indicates ionization suppression.

The result of ME at QC concentrations of levonor-
gestrel in five different lots of human plasma shows

www.interscience.wiley.com/journal/bmc


Copyright © 2008 John Wiley & Sons, Ltd. Biomed. Chromatogr. 22: 519–526 (2008)
DOI: 10.1002/bmc

Determination of levonorgestrel in plasma by LC/MS/MS 523ORIGINAL RESEARCH

Table 1. Intra-batch and inter-batch precision and accuracy data for assays of levonorgestrel in
human plasma

Precision
Accuracy

Nominal concentration of Mean relative
levonorgestrel (ng/mL) Mean ± SD RSDa (%) errorb (%)

Inter-batch (n = 5)
0.5 0.5 ± 0.0 5.0 9.6
6.0 5.8 ± 0.8 12.9 −3.1
45.0 42.6 ± 3.0 7.1 −5.4

Intra-batch (n = 3)
0.5 0.5 ± 0.1 10.2 3.0
6.0 6.3 ± 0.3 4.6 5.9
45.0 46.3 ± 1.7 3.7 3.0

a RSD = Relative standard deviation.
b Mean relative error = (Overall mean assayed concentration − added concentration)/(Added concentration)
× 100.

that there was ME, as indicated by values of >100%
in the area of the analyte in spiked plasma samples
post-extraction. This indicated ionization enhancement
for levonorgestrel under the present chromatographic
and extraction conditions when ESI interface was
employed. Fortunately, the ionization enhancement
observed was similar and kept consistent over the QC
concentration ranges of the analyte (0.5–45.0 ng/mL)
without showing any analyte concentration-dependence
as well as for different lots of human plasma. More-
over, such ionization did not affect the slopes and linear-
ity (r2 > 0.992) of the established calibration curves over
the whole analytical period.

The assessment of the relative ME was made by a
direct comparison of the analyte peak area values
between different lots (sources) of plasma. The vari-
ability in the values, expressed as RSDs (%), is a
measure of the relative ME for the target analyte.
The variability was acceptable with an RSD value of
4.8% at different concentrations of levonorgestrel in
five different lots of human plasma, indicating that the
relative ME for the analyte was minimal in this study.

In the present study, an ionization enhancement
effect due to the undetected matrix components in
human plasma was observed. However, such ionization
enhancement remained consistent over the QC concen-
tration ranges of the analyte without showing any
analyte concentration-dependence and did not signifi-
cantly affect the behaviors of calibrations curves, preci-
sion and accuracy data. Thus, despite the presence of
the ME, the present analytical method was reliable.

Linearity and lower limit of quantification. The
slope, the intercept and the correlation coefficient (r)
for each standard curve from each analytical run were
determined automatically by Lcquan, Thermo Finigan
software program. The representative stand curve for
levonorgestrel was Y = 452.7 + 18882.9*X. The mean
squared correlation coefficients (r2) for the daily cali-

bration curves were all ≥0.997 (n = 15) for levonor-
gestrel and the within- and between-run CVs of the
response factors for each concentration assayed were
<10%. For each point on the calibration curves for the
analyte, the concentrations back-calculated from the
equation of the regression analysis were within accept-
able limits for accuracy and precision of ±10%. Overall,
levonorgestrel gave linear response as a function of
the concentration ranges studied and showed excellent
linearity over 0.25–90 ng/mL.

The lowest concentration on the calibration curve
of levonorgestrel was 0.25 ng/mL. The analyte response
at these concentration levels was >20 times the baseline
noise. The precision and accuracy at these concentra-
tion levels were acceptable, with <9.6% of the CVs.
Thus, the lowest concentration on the calibration curve
was accepted as the LLOQ. However, the LLOQ could
be lowered by injecting a more concentrated solution
into the LC/MS/MS system. However, the current
LLOQ (an LLOQ of 0.25 ng/mL was achieved for
0.5 mL samples) was already sufficient for the determi-
nation of the bioequivalence of levonorgestrel following
a single-dose administration of the test or reference
formulation in healthy human volunteers.

Precision and accuracy. The intra-batch and inter-
batch precision and accuracy data for levonorgestrel
are summarized in Table 1. All values of accuracy and
precision were within recommended limits (FDA,
2001). The intra-batch precision was 3.7–10.2%, and the
inter-batch precision was 5.1–12.9%. The mean intra-
batch error was 3.0–5.6%, and the mean inter-batch
error was between −5.4–9.6%.

Recovery. Table 2 shows the recovery (extraction effi-
ciency) of levonorgestrel from human plasma following
methanol extraction. The extraction recoveries of
levonorgestrel from human plasma were 88.9–100.0%,
with the mean relative recoveries as 103.0–105.6%,
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and were similar at all analyte concentrations, which
indicated that the extraction efficiency for levonor-
gestrel using n-hexane–ethyl acetate was satisfactory
without concentration dependence. This extraction effi-
ciency for levonorgestrel was similar to the literature
(Theron et al., 2004).

Stability. The stability of levonorgestrel in human
plasma under different storage conditions is presented
in Table 3. No degradation products were detected
under the selected MS conditions. Levonorgestrel in
human plasma can therefore be stored at room tem-
perature (25°C) for 4 h, for 79 days at 30°C and after
two freeze–thaw cycles. Analysis of the QC samples
following protein precipitation procedure showed no
significant degradation after 12 h at room temperature.
These results indicate that levonorgestrel is stable
under routine laboratory conditions and no specific
procedure (e.g. acidification or addition of organic sol-
vents) is needed to stabilize the compounds for daily
clinical drug monitoring.

Bioequivalence study

Both test and reference formulations were well toler-
ated at the dose administered by all the volunteers.
Following administration of the levonorgestrel tablets
and the levonorgestrel enteric-coated tablets, seven of
the subjects reported mild adverse effects, the most
frequent event (five occasions) being menstrual irregu-
larity. There were no serious adverse effects during
the study. There was no drop-out and all volunteers
who started the study continued to the end; biochemi-
cal parameters remained within the reference range.

Formulations used in this study were readily absorbed
from the gastrointestinal tract. The mean plasma con-
centration–time profiles of two formulations, shown
in Fig. 4, were closely similar and superimposable.
ANOVA was applied to the concentration attained
at individual time intervals for both formulations, and
indicated no significant difference. Levonorgestrel was
measurable at the first sampling time (0.25 h) in the
volunteers administrated reference tablet and the
concentration reached the maximum at about 1 h. In
contrast, after taking the enteric-coated tablets, the
levonorgestrel was detected until 0.5–2 h later, reaching
the peak concentration at approximately 4 h. The
pharmacokinetic parameters of levonorgestrel for
the reference and test formulations are presented in
Table 4. There was no significant difference between
the two formulations with regard to the pharmaco-
kinetic parameters, including Cmax, AUC0−t, and AUC0→∞.
There was significant difference with regard to Tmax, Ka

and MRT due to the enteric-coated tablet has a slow
release and absorbed. All the pharmacokinetic param-
eters were similar and comparable with the previous

Table 2. The recovery (extraction efficiency) for levonor-
gestrel in human plasma (n ===== 5)

Nominal concentration of Recoverya

levonorgestrel (ng/mL) (mean ± SD, %) RSDb (%)

0.5 88.9 ± 8.9 10.0
6.0 100.0 ± 4.6 4.6

45.0 96.4.0 ± 3.5 3.6

a The recovery (extraction efficiency) of the analytes from human
plasma was determined as the ratio of the peak area of the analyte
spiked before extraction to the peak area of the analyte spiked
post-extraction multiplied by 100.
b RSD = relative standard deviation.

Table 3. Stability of levonorgestrel under various storage conditions (n ===== 5)

Calculated

Storage Nominal concentration of concentration (ng/mL)

condition levonorgestrel (ng/mL) Mean ± SD Er
a (%)

−30°C/79 days
0.5 0.4 ± 0.0 5.9
6.0 5.7 ± 0.3 5.7

45.0 43.1 ± 1.1 2.6
−30°C/three freeze–thaw cycles

0.5 0.5 ± 0.0 9.4
6.0 5.9 ± 0.2 3.7

45.0 41.4 ± 3.9 −8.0
Room temperature/4 h

0.5 0.5 ± 0.0 6.7
6.0 5.4 ± 0.5 8.9

45.0 40.9 ± 5.6 13.7
Room temperature/12 h (extracted sample)

0.5 0.5 ± 0.0 4.2
6.0 6.7 ± 0.2 2.7

45.0 45.7 ± 1.3 2.8

a Relative error = (Overall mean assayed concentration − added concentration)/(Added
concentration) × 100.
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Figure 4. Mean plasma concentration–time profile of levonorgestrel after an oral dose 1.5 mg of two formula-
tions to 20 healthy female volunteers. Each point represents the mean ± SD.

reports (Kook et al., 2002; Theron et al., 2004; Sambol
et al., 2006; Tremblay et al., 2001).

From the plasma concentration vs time profiles of
the 20 subjects, the relative bioavailability of levonor-
gestrel was 105.9 ± 28.8% on the basis of mean AUC0–last.
The 90% CIs of levonorgestrel for Cmax, AUC0−t and
AUC0→∞ were 85.9–109.3, 91.0–113.7 and 96.8–119.3%,
respectively. The most important objective of
bioequivalence study is to assure the safety and efficacy
of the test and reference products. It is generally ac-
cepted that equivalent range for basic pharmacokinetic
parameters, such as Cmax, AUC0−t, and AUC0→∞, is
80–125%. The mean and standard deviation of Cmax,
AUC0–t, and AUC0→∞ of the two formulations did not
differ significantly, suggesting that the plasma profiles
generated by the test formulation are comparable to
those of the reference formulation. ANOVA, after
log-transformation of the data, showed no statistically
significant difference between the two formulations
(p ≥ 0.05). Furthermore, the 90% confidence intervals
for the ratios of test drug to reference drug for Cmax,
AUC0−t, and AUC0→∞ were also within the range 80–

125%, which is the range accepted by the US and China
Food and Drug Administration [FDA, 2003; SFDA
(China), 2005]. Therefore, the two tablet formulations
can be considered bioequivalent with regard to the extent
and rate of absorption.

CONCLUSIONS

In this study, we reported on a newly developed LC/
MS/MS method for the determination of levonorgestrel
in human plasma. The sample pretreatment was easy
and fast using hexane–ethyl acetate (70:30, v/v) extrac-
tion. The analyte, levonorgestrel, was subject to LC/
MS/MS analysis using ESI technique with satisfactory
mass spectral response generated. Detailed validation
following FDA guideline indicated that the developed
method had high sensitivity, reliability, specificity and
excellent efficiency with a total running time of 2.0 min per
sample. The method was successfully applied to deter-
mine levonorgestrel plasma concentrations in a bioequi-
valence study in human volunteers. As the 90% CIs for

Table 4. Pharmacokinetic parameters of two tablet formulations of levonorgestrel
(mean ±±±±± SD, n ===== 20)

Levonorgestrel

Parameter Reference formulation Test formulation p-Value

Cmax (ng/mL) 20.5 ± 7.4 20.5 ± 9.9 0.98
Tmax (h) 1.8 ± 0.8 3.4 ± 0.8 0.00
t1/2β (h) 23.0 ± 2.7 23.3 ± 2.0 0.40
AUC0–last (ng/mL h) 360.7 ± 162.5 365.3 ± 189.4 0.84
AUC0−∞ (ng/mL h) 432.7 ± 162.7 465.7 ± 186.2 0.22
Ka (1/h) 3.9 ± 3.8 6.0 ± 3.0 0.04
MRT (h) 23.0 ± 3.5 24.5 ± 3.4 0.01
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Cmax, AUC0−t and AUC0→∞ for the two formulations
were all within 80–125%, it was concluded that the test
levonorgestrel tablet formulation was bioequivalent to
the reference formulation with regard to both the rate
and the extent of absorption in humans.
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