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ABSTRACT: A rapid and sensitive liquid chromatography/tandem mass spectrometry (LC-MS/MS) method was developed and
validated to simultaneously determine mifepristone and monodemethyl-mifepristone in human plasma using levonorgestrel
as the internal standard (IS). After solid-phase extraction of the plasma samples, mifepristone, monodemethyl-mifepristone
and the IS were subjected to LC-MS/MS analysis using electro-spray ionization (ESI) in the multiple reaction monitoring
(MRM) mode. Chromatographic separation was performed on an XTERRA MS C18 column (150  2.1 mm i.d., 5 mm). The method
had a chromatographic run time of 4.5 min and linear calibration curves over the concentration ranges of 5–2000 ng/mL for
mifepristone and monodemethyl-mifepristone. The recoveries of the method were found to be 94.5–103.7% for mifepristone
and 70.7–77.3% for monodemethyl-mifepristone. The method had a lower limit of quantification (LLOQ) of 5.0 ng/mL and a
lower limit of detection (LOD) of 1.0 ng/mL for both mifepristone and monodemethyl-mifepristone. The intra- and inter-batch
precision was less than 15% for all quality control samples at concentrations of 10, 100 and 1000 ng/mL. These results indi-
cate that the method was efficient with a short run time (4.5 min) and acceptable accuracy, precision and sensitivity. The validated
LC-MS/MS method was successfully used in a pharmacokinetic study in healthy female volunteers after oral administration of
25 mg mifepristone tablet. Copyright © 2008 John Wiley & Sons, Ltd.
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Introduction

Mifepristone, also known as RU 486 (see Fig. 1), has a great affinity
for the progesterone and glucocorticoid receptors and thus acts
as an antagonist to glucocorticoid and progestational functions
(Sarkar, 2002). Mifepristone is a useful drug for multi-disciplinary
health problems, especially in terminating first-trimester preg-
nancy and in emergency contraception (Sarkar, 2002; Heikinheimo,
1997; Kekkonen et al., 1996). Following oral intake, mifepristone
is extensively metabolized into the three most proximal metab-
olites, the monodemethylated (RU 42633), didemethylated and
hydroxylated metabolites, all of which retain considerable affinity
toward the progesterone and glucocorticoid receptors. RU 42633
has the highest binding affinity; for example, the relative bind-
ing affinities of RU 486, monodemethylated, didemethylated
and hydroxylated metabolites (progesterone = 100%) to the human
progesterone receptor are 232, 50, 21 and 36, respectively (Läht-
eenmäki et al., 1987; Heikinheimo et al., 2003). The combined
pool of mifepristone, as well as that of the metabolites, seems
to be responsible for the biological actions of mifepristone, and
thus many recent clinical studies on pregnancy termination and
emergency contraception have focused on the decrease in the
dose of mifepristone from 200–600 to 2–100 mg (Kekkonen et al.,

1996; Leminen et al., 2003). Therefore, a more sensitive, reliable
and rapid analytical method is required to simultaneously deter-
mine lower levels of mifepristone and the most effective metab-
olite (monodemethyl-mifepristone) in plasma.

Various analytical methods have been reported for the measure-
ment of mifepristone, such as radioimmunoassay (RIA; Wang et al.,
1994; Leminen et al., 2003), radioreceptor assay (RRA; Kawai et al.,
1987; Földesi et al., 1996) and assays based on high-performance
liquid chromatography (HPLC; Heikinheimo et al., 1986; Heikin-
heimo, 1989; He et al., 1989; Shi et al., 1993; Stith and Husain, 2003;
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Guo et al., 2006, 2007a,b). Direct RIA and RRA failed to distinguish
the parent mifepristone and its metabolites due to the cross-
reacting metabolites (Heikinheimo et al., 1987). Furthermore,
these two methods often suffer from several disadvantages,
including the use of radioactive materials, a complex and time-
consuming experimental procedure and the production of waste
that is difficult to dispose of. Compared with the RIA and RRA
methods, the HPLC method is more suitable for detailed measure-
ment of the pharmacokinetics and metabolism of mifepristone
with improved specificity and efficiency. However, the sensitivities
of previously reported HPLC methods with a high limit of detec-
tion (LOD) of 40 ng/mL (Heikinheimo et al., 1986) and 36 ng/mL
(He et al., 1989) were not adequate for determination of mife-
pristone at lower doses. Recently, an HPLC method with a lower
limit of quantification (LLOQ) of 10 ng/mL was reported to deter-
mine mifepristone at 0.33–120 h after a single 25 mg dose (Guo
et al., 2006). However, it was an external standard method and could
not avoid the influence of instrument fluctuation and operation
error. Most recently, this group improved the method to an
internal one using norethisterone as the internal standard (Guo
et al., 2007a), but the most effective metabolite was not quan-
titated simultaneously. Another HPLC method was reported for
simultaneous determination of mifepristone and monodemethyl-
mifepristone at 0.33–96 h after oral administration of 25 mg
mifepristone tablet (Wei et al., 2003), but the LLOQ of 20.4 ng/mL
was high and it may not be satisfactory to measure the concen-
tration of mifepristone at longer time points. Therefore, a more
sensitive and reliable method was needed to simultaneously
determine mifepristone and monodemethyl-mifepristone.

The coupling of LC with MS, being a more definitive technique
with improved sensitivity, high specificity and selectivity com-
pared with traditional HPLC and GC methods, can usually overcome
these problems. However, to our knowledge, there has been no
report on the use of LC-MS/MS methods for the simultaneous deter-
mination of both mifepristone and monodemethyl-mifepristione
in human plasma. Therefore, the purpose of the current study
was to develop a rapid and sensitive LC-MS/MS method to
measure these two drugs simultaneously in human plasma fol-
lowing ingestion of a lower dose of mifepristone.

Experimental

Chemical and Reagents

Mifepristone, monodemethyl-mifepristone and levonorgestrel
were provided by Wan-fang-jian Pharmaceutical Co. Ltd (Guangzhou,
China). Mifepristione and levonorgestrel (as internal standard) had
relative purities of 99.9 and 97.6% for monodemethyl-mifepristone
as compared with the standards from the National Institute for
the Control of Pharmaceutical and Biological Products (Beijing,

China). Methanol 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 from healthy blood donors
was obtained from the Blood Transfusion Service of Guangzhou
(Guangzhou, China). 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 standard solutions of mifepristone and monodemethyl-
mifepristone were prepared by dissolving the accurately weighted
reference compounds in methanol–water (90:10, v/v) to give a
final concentration of 100 μg/mL. The solutions were then serially
diluted with methanol–water (50:50, v/v) to obtain working
solutions at concentrations over 0.05−20.0 μg/mL. A stock stand-
ard solution of levonorgestreal (IS) at 100 μg/mL was also prepared
in methanol–water (90:10, v/v) and then diluted with methanol–
water (50:50, v/v) to obtain a working solution at 20 ng/mL. All
the solutions were stored at 4°C and were brought to room tem-
perature before use.

The analytical standard and quality control (QC) samples were
prepared by spiking blank human plasma with standard work-
ing solutions in validation and during each experimental run for
pharmacokinetic study. Calibration samples were made at con-
centrations of 5, 10, 20, 40, 100, 200, 400, 1000 and 2000 ng/mL
for mifepristone and monodemethyl-mifepristone. Quality con-
trol samples were at concentrations of 10, 100 and 1000 ng/mL
for mifepristone and monodemethyl-mifepristone.

Sample Preparation

To 500 μL human plasma in a 1.5 mL test tube, 50 μL of the internal
standard solution (20 ng/mL) and 100 μL of 1 M H3PO4 solution were
added. After vortex mixing for 10 s and standing at room tem-
perature for 5 min, the sample was extracted using solid-phase
extraction (SPE) cartidges (Oasis HLB, 1 mL, 10 mg, Waters Inc.,
Ireland). The extraction cartidge was activated with 1 mL metha-
nol and then equilibrated by 1 mL water. Thereafter, the sample
was loaded to pass through the cartidge and then washed with
1 mL of 5% methanol solution. Finally, the analyte was eluted with
1 mL of 100% methanol and collected in clean glass tubes. The
eluent was evaporated under nitrogen gas at 40°C. The residues
were dissolved in 1000 μL of 50% methanol, centrifuged at
16,000 rpm for 4 min, and 10 μL of the clear supernatant was
directly injected onto the LC-MS/MS system for analysis.

Liquid Chromatographic and Mass Spectrometric Conditions

A Waters Alliance 2695 separation module (Avondale, CA, USA)
was used for solvent and sample delivery. Chromatographic

Figure 1. Chemical structures of mifepristone, monodemethyl-mifepristone and levonorgestrel (IS).
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separation was achieved by using a C18 column (XTERRA MS C18,
5 μm particle size, i.d. 2.1 × 150 mm, product no.: 024235235131
02, Waters, made in Ireland) at 30°C. The mobile phase consisted
of methanol–water (75:25, v/v, containing 0.2% formic acid both
in methanol and water), pumped at a flow rate of 200 μL/min.
Total run time was 4.5 min for each injection.

A Quattro micro™ triple quadrupole mass spectrometer (Micro-
mass, Manchester, UK) 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 mul-
tiple reaction monitoring (MRM) mode. Nitrogen was used as
desolvation gas (360 L/h) and cone gas (60 L/h). Argon was used
as collision gas (0.15 mPa). The capillary voltage was 2.6 kV for
the analytes and the entrance and exit energies of the collision
cell were set at 1 and 2 V, respectively. The source and desolva-
tion temperatures were kept at 105 and 350°C, respectively. The
cone voltage was 40 V for all analytes. The collision behavior was
carried out using 35, 35 and 25 eV collision energy for mifepris-
tone, monodemethyl-mifepristone and IS, respectively. On the basis
of the full-scan mass spectra of each 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 follows:
m/z 430.1 → 133.8 for mifepristone, m/z 415.8 → 119.7 for
monodemethyl-mifepristone, and m/z 312.8 → 108.7 for
levonorgestrel (IS). The dwell time for each analyte was set to
0.15 s. Data acquisition, peak integration and calibration were
performed with Massllynx V 4.0 software (Micromass).

Method Validation

The method was validated for selectivity, accuracy, precision,
recovery, calibration curve and reproducibility according to the
FDA guidelines for validation of bioanalytical methods (FDA,
2001). The selectivity was investigated by preparing and analyz-
ing six individual human blank plasma samples at the lower limit
of quantification (LLOQ). The LLOQ was defined as the lowest
concentration on the calibration curve of the analytes measured
with acceptable precision and accuracy [i.e. coefficient of varia-
tion (CV) and relative errors <20%], and with at least 5 times the
response compared with blank response. Linearity was assessed
by preparing and analyzing mifepristone and monodemethyl-
mifepristone standard samples over 5–2000 ng/mL in human
plasma. Calibration curves were analyzed by weighted linear
regression (1/x2) of the peak area of analyte over that of IS.

Accuracy and precision were assessed by determining QC
samples at three concentration levels (five samples each con-
centration) on three different validation batches. The precision
was determined as the RSD (%) and the accuracy was expressed
as a percentage of the measured concentration over the nomi-
nal (theoretical) concentration. The criteria used to assess the
suitability of precision and accuracy was as follows: the RSD did
not exceed 15% and the accuracy was within 15% of the actual
value. The recovery (extraction efficiency) of analytes from human
plasma after the extraction procedure was determined by com-
paring the areas of extracted analytes with that of the standard
solutions that represent 100% recovery.

During routine analysis, each analytical run included a blank
plasma, a blank plasma spiked with IS, a set of calibration
samples, a set of QC samples and unknowns. The stability of
analytes was assessed by determining QC samples at three
concentrations (10, 100 and 1000 ng/mL for mifepristone and
monodemethyl-mifepristone) with five samples for each con-

centration, exposed to different time and temperature con-
ditions. The stability studies included: (a) stability at room
temperature for 1 h; (b) stability after two freeze–thaw cycles; (c)
stability of the extracted samples at room temperature for 24 h;
and (d) the long-term stability after storage at −30°C for 22 days.

Pharmacokinetic Study

The method was applied to a pharmacokinetic study of a tablet
formulation containing 25 mg mifepristone (batch no. 050602, from
Hualian Pharmaceutical Co. Ltd, Shanghai, China). Four healthy
adult female volunteers, 24–27 years of age, 50–58 kg in weight,
participated in this study. They all had regular menstrual cycles,
with cycle length varying from 21 to 32 days. The volunteers
were selected after a thorough assessment of medical history,
physical examination and laboratory biochemical 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.

After an overnight fast (10 h), the volunteers were orally admin-
istered a single dose (25 mg) of 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. Venous blood samples (3.0 mL)
were collected into heparinized tubes at the following times:
immediately before administration, and 0.33, 0.67, 1, 1.5, 2, 4, 6,
12, 24, 48, 72, 96 and 120 h after dosing. Blood samples were
centrifuged at 4000 rpm for 10 min, and the plasma was sepa-
rated and obtained. The plasma samples were labeled and kept
frozen at −30°C until analysis.

Calculation of pharmacokinetic parameters was done using the
Pharmacokinetics and Bioavailability Program Package (Version
2.1, Institute of Clinical Pharmacology, School of Pharmaceutical
Sciences, Sun Yat-sen University, Guangzhou, China). The elimina-
tion rate constant (λz) 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/λz. Time to peak plasma concentration (Tmax)
and peak plasma concentration (Cmax) were read directly from
the observed concentration vs time profiles. The area under the
curve to the last measurable concentration (AUC0–t) was calculated
by the linear trapezoidal rule. The area under the curve to infin-
ity (AUC0→∞) was calculated as AUC0→∞ = AUC0–t + Ct/λz, where Ct

is the last measurable concentration.

Results and Discussion

Method Development

In this study, ESI was chosen as the ionization source. It was
found that the signal intensity of the analytes and IS in human
plasma was high using ESI source and the regression curves
were linear over 5–2000 ng/mL. By using ESI, the analytes and IS
formed predominantly protonated quasi molecular ions [M + H]+

in full-scan spectra, with m/z 430.1 for mifepristone, m/z 415.8
for monodemethyl-mifepristone and m/z 312.8 for the IS. To
determine these compounds using MRM mode, full-scan prod-
uct ion spectra of the analytes and IS were investigated. The
most abundant ion in the product ion mass spectrum was at
133.8 for mifepristone, 119.7 for monodemethyl-mifepristone
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and 108.7 for IS. Capillary and cone voltages and collision ener-
gies were optimized to obtain the greatest intensity of the most
abundant product ion for further MS/MS experiments. The colli-
sion behavior of the [M + H]+ of these compounds was strongly
dependent on the collision energy. An increase in the collision
energy caused a marked increase of the fragmentation proc-
esses. After optimization of the collision energy, the collision
behavior was carried out using 35, 35 and 25 eV collision
energy for mifepristone, monodemethyl-mifepristone and IS,
respectively, to obtain the maximum intensity of product ions.
Therefore, the MRM transition of m/z 430.1 → 133.8 for mifepris-
tone, m/z 415.8 → 119.7 for monodemethyl-mifepristone and

m/z 312.8 → 108.7 for IS were selected to obtain maximum
sensitivity. Positive-ion ESI-MS/MS product-ion spectrum of
these compounds are shown in Fig. 2.

Similar solid phase extraction procedures have been reported
to extract the analytes from bio-matrices (Stith and Hussain, 2003;
Guo et al., 2006, 2007a,b). The SPE procedure described by Guo
et al. was tried during our method development. Unfortunately,
lower extraction efficiency was obtained which might be due to
different specifications of the cartridges. Therefore, in the present
study the sample was acidified with 100 μL of 1 M H3PO4 solution
before loading onto the cartridge. The extraction efficiencies of
acidification and non-acidification were compared during our

Figure 2. MS/MS product-ion spectrum of mifepristone (A), monodemethyl-mifepristone (B) and levonorgestrel (C) with [M + H]+ at m/z 430, 415 and
312 as the precursor ion, respectively.
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method development. It was found that acidified pretreatment
caused a significant increase in the extraction efficiency of mife-
pristone (about 15% higher than that of non-acidified procedure)
with a range of 94.5–103.7%. The extraction efficiency of the IS
also showed a marked increase with about 1-fold higher than
that of non-acidified pretreatment (from 44 to 88%). Thus, acidi-
fication with 100 μL of 1 M H3PO4 solution was finally used prior
to SPE procedure throughout the study.

Various combinations of acetonitrile, methanol 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. When acetonitrile–
water (75:25, v/v, containing 0.2% formic acid in water) was used as
mobile phase, the resolution of the analytes was not satisfactory
(the retention times of mifepristone, monodemethyl-mifepristione
and the IS were 2.73, 2.38 and 2.55 min, respectively). When the
combination of methanol and water was tried, an increase in the
methanol content significantly shortened the retention time of
the analytes. The acidic modifier, formic acid, in the mobile
phase could markedly improve peak shape. A mobile phase con-
sisting of methanol–water (both containing 0.2% formic acid)
was finally used and the ratio of 75:25 (v/v) was optimal. Each
chromatographic run was completed within 4.5 min.

An ideal IS should be a structurally similar analog or stable
labeled compound according to the FDA guideline (FDA, 2001).
In the present study, levonorgestrel was chosen as the IS. There
is great similarity in the structure and chemical–physical properties
between levonorgestrel and the two analytes (RU 486 and RU
42633). Based on the solubility behavior of the drugs and the IS,

all of them could be readily extracted using SPE procedure. Also,
these agents had similar chromatographic behavior under the
present LC-MS/MS conditions. Additionally, levonorgestrel did not
show cross-talk or suppressing effect on the analyte ions through-
out the LC-MS/MS study. Importantly, the results of method vali-
dation using levonorgestrel as the IS were acceptable in this
study based on the FDA guideline (FDA, 2001). Taking all these
together, levonorgestrel was a suitable IS in this study.

Method Validation

Selectivity and Matrix Effects. The LC-MS/MS method demon-
strated high specificity because only ions derived from the
analytes of interest were monitored. The selectivity towards
endogenous plasma matrix was tested in six different batches
of human plasma samples by analyzing blanks and samples
at LLOQ levels. There was no significant interference at the
expected retention times of the analytes and the IS. Chromato-
grams of blank human plasma and the plasma from a volunteer
4 h after an oral administration of 25 mg mifepristone tablets
are shown in Fig. 3. The retention times for mifepristone,
monodemethyl-mifepristone and the IS were 2.20, 1.82 and
3.37 min, respectively. The method had a very short total run
time (4.5 min) for simultaneous determination of RU 486 and
RU 42633 compared with the reported HPLC methods (Heikin-
heimo et al., 1986; Heikinheimo, 1989; He et al., 1989; Shi et al.,
1993; Stith and Hussain, 2003; Guo et al., 2006, 2007a,b).

Since potential matrix effect is a concern with the rapid isocratic
system, the co-elution effect and potential ion suppression were

Figure 3. Representative MRM chromatograms of mifepristone, monodemethyl-mifepristone and IS in human plasma. (A) A blank plasma sample;
(B) plasma sample from a volunteer 4 h after an oral administration of single dose of 25 mg mifepristone tablets.
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evaluated. Absolute and relative matrix effect (ME) on the spec-
tral response of IS and analytes was assessed using the procedure
described by Matuszewski et al. (2003) and Bi et al. (2005). Briefly,
blank plasma were extracted following SPE procedure and then
spiked with the analyte at QC concentrations. The correspond-
ing 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. An 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.

Matrix effect data at different QC concentrations in five differ-
ent lots of human plasma are presented in Table 1. The absolute
ME values were 92.7–113.4%, indicating no significant ion sup-

pression or enhancement effect. The variability was acceptable
with RSD values <13.5% at different concentrations. These data
confirm that the relative matrix effect for the analyte was not
significant. Thus, no ion suppression or enhancement effect was
observed and the present analytical method was considered
reliable.

In addition, the ‘cross-talk’ between MS/MS channels of mife-
pristone, monodemethyl-mifepristone and IS was assessed by
separately injecting the plasma extract containing only one of
the three analytes at LLOQ concentration and monitoring the
response in the other two channels. No ‘cross-talk’ between
channels was observed.

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

Figure 3. (Continued ).
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by Massllynx V 4.0 software program. Table 2 shows the mean
slope, intercept and correlation coefficient values for both mife-
pristone and monodemethyl-mifepristone. The mean squared
correlation coefficients (r 2) for the daily calibration curves were
all ≥0.991 (n = 5). The CV of slope and intercept for the calibration
curves were ≤11.6 and 13.5% (n = 5) for mifepristone and
monodemethyl-mifepristone, respectively. For each point on the
calibration curves for the two analytes, the concentrations back-
calculated from the equation of the regression analysis were
within acceptable limits for accuracy and precision of ±15%.
Overall, both mifepristone and monodemethyl-mifepristone gave
a linear response as a function of the concentration ranges studied.

The lowest concentration on the calibration curve of both
mifepristone and monodemethyl-mifepristone was 5 ng/mL. The
response of the analytes at this concentration level was >5 times
the baseline noise. The precision and accuracy at this concentra-
tion level was acceptable, with CVs of ≤7.8% and relative errors
between −10.3 and 11.1%. Thus, the lowest concentration on
the calibration curve was accepted as the LLOQ. The LLOQ could
be lowered by injecting a more concentrated solution into the
LC-MS/MS system. However, the current LLOQ was already suffi-
cient for the determination of the pharmacokinetics of mifepris-
tone and monodemethyl-mifepristone following a single-dose
administration of 25 mg mifepristone tablets in healthy human
volunteers.

Precision and Accuracy. The intra- and inter-batch precision and
accuracy data for mifepristone and monodemethyl-mifepristone
are summarized in Table 3. All values of accuracy and precision

were within recommended limits. Intra-batch precision ranged
between 3.0 and 8.0%, and the inter-batch precision was
between 3.5 and 14.2%. The mean intra-batch relative error
was between −6.0 and 5.2%, and the mean inter-batch relative
error was between −4.9 and 8.9%.

Recovery. Table 4 shows the recovery (extraction efficiency)
of mifepristone, monodemethyl-mifepristone and IS from human
plasma following SPE procedure. The recovery of mifepristone
and monodemethyl-mifepristone from human plasma ranged
over 94.5–103.7 and 70.7–77.3%, respectively, and were similar
at all analytes concentrations without significant concentration
dependence. The recovery of IS was 88.0 ± 2.9%. These results
indicated that the extraction efficiency for all analytes and IS
was acceptable.

Stability. The analytes are considered stable in biological matrix
when 85−115% of the initial concentration was detected (FDA, 2001).
The stability of both mifepristone and monodemethyl-mifepristone
in human plasma under different storage conditions is presented
in Table 5. There was no significant degradation under the con-
ditions described in this study since their concentrations deviated
by no more than 15% relative to the reference nominal concen-
trations. No degradation products were detected under the
selected MS conditions. Both mifepristone and monodemethyl-
mifepristone in human plasma can therefore be stored at room
temperature for at least 1 h, for 22 days at −30oC and for two
freeze–thaw cycles. Analysis of the QC samples following SPE
procedure showed no significant degradation after 24 h at room

Table 2. Slope, intercept and correlation coefficient (r) for the calibration curves for mifepristone and monodemethyl-
mifepristone (n = 5)

Compound Concentration
range (ng/mL)

Slopea Intercepta r 2

Mean ± SD CVb (%) Mean ± SD CVb (%)

Mifepristone 5–2000 0.038 ± 0.004 10.5 0.047 ± 0.006 13.3 ≥0.991
Monodemethyl-mifepristone 5–2000 0.0079 ± 0.0009 11.6 −0.0018 ± 0.0002 13.5 ≥0.992
a Slope and intercept were determined automatically by Masslynx V 4.0 software.
b CV = coefficient of variation = SD/mean × 100.

Table 1. Matrix effect data in five different lots of human plasma (n = 5)

Compound Nominal
concentration

(ng/mL)

MEa

(mean ± SD, %)
RSDb

(%)

Mifepristone 10.0 105.7 ± 6.0 5.7
100.0 92.7 ± 4.3 4.6

1000.0 113.4 ± 3.2 2.8
Monodemethyl-mifepristone 10.0 108.1 ± 14.6 13.5

100.0 106.8 ± 5.9 5.5
1000.0 99.7 ± 4.8 4.8

Levonorgestrel (I.S) 20.0 94.8 ± 2.2 2.3
a The corresponding peak areas of the analyte spiked in plasma post-extraction (B) were
compared to those of the standard solution at equivalent concentration (A). The ratio
(B/A × 100) is defined as the matrix effect (ME).
b RSD = relative standard deviation.
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temperature. These results indicate that both mifepristone and
monodemethyl-mifepristone are stable under routine laboratory
conditions and no specific procedure is needed to stabilize the
compounds for daily clinical drug monitoring.

Pharmacokinetic Study

Mifepristone was found to be rapidly absorbed, with significant
amounts present in all the 0.33 h samples. The mean mifepris-
tone and monodemethyl-mifepristone plasma concentration vs
time curves obtained after a single oral dose of mifepristone at
25 mg are shown in Fig. 4 and the pharmacokinetic (PK) param-
eters of mifepristone and monodemethyl-mifepristone are pre-
sented in Table 6. Peak concentrations (Cmax) of RU 486 occurred
on most occasions within 0.67 h, varying from 680 to 1023 ng/mL.

All subjects showed a similar pattern of descending concentra-
tions in plasma. The mean elimination half-life (t1/2β) was 19.5 h
with values ranging from 15.6 to 22.3 h, being slightly shorter than
the 25–32 h reported earlier (Lähteenmäki et al., 1987; Heikinhe-
imo et al., 2003), but being very similar with previously
reported data after low dose of mifepristone (Leminen et al., 2003;
Kawai et al., 1987). Plasma concentrations of monodemethyl-
mifepristone were similar to those of mifepristone with higher
plasma levels, and maximum concentrations (Cmax) were measured
within 1.5 h, varying from 662 to 1340 ng/mL. The PK parameters
obtained from the present study were similar to those previously
reported in Chinese subjects (Shi et al., 1993; He et al., 1989) and
similar to those of other populations (Kawai et al., 1987; Leminen
et al., 2003). The lowest concentration of both mifepristone
and monodemethyl-mifepristone at 120 h after dosing was

Table 3. Intra- and inter-batch precision and accuracy data for assays of mifepristone and monodemethyl-mifepristone in
human plasma (n = 5)

Compound Nominal
concentration

(ng/mL)

Precision Accuracy

Mean ± SD RSDa

(%)
Mean relative

error (%)

Intra-batch
Mifepristone 10.0 9.6 ± 0.6 6.4 −4.1

100.0 105.2 ± 4.1 3.9 5.2
1000.0 939.9 ± 41.5 4.4 −6.0

Monodemethyl-mifepristone 10.0 9.6 ± 0.8 8.0 −3.8
100.0 102.8 ± 5.8 5.7 2.8

1000.0 1047.8 ± 31.4 3.0 4.8
Inter-batch
Mifepristone 10.0 10.0 ± 0.8 7.7 0.4

100.0 108.9 ± 3.8 3.5 8.9
1000.0 950.5 ± 51.7 5.4 −4.9

Monodemethyl-mifepristone 10.0 10.0 ± 1.4 14.2 −0.2
100.0 100.7 ± 7.5 7.5 0.7

1000.0 1013.1 ± 79.1 7.8 1.3
a RSD = relative standard deviation.

Table 4. Recovery (extraction efficiency) for mifepristone, monodemethyl-mifepristone
and IS in human plasma (n = 5)

Compound Nominal
concentration

(ng/mL)

Recoverya

(mean ± SD, %)
RSDb

(%)

Mifepristone 10.0 103.7 ± 5.2 5.0
100.0 94.5 ± 4.2 4.4

1000.0 99.3 ± 6.0 6.1
Monodemethyl-mifepristone 10.0 77.0 ± 7.3 9.5

100.0 70.7 ± 1.9 2.7
1000.0 77.3 ± 2.7 3.4

Levonorgestrel (I.S) 20.0 88.0 ± 2.9 3.2
a The recovery (extraction efficiency) of analytes from human plasma after the extrac-
tion procedure was determined by comparing the areas of extracted analytes with that
of the standard solutions that represent 100% recovery.
b RSD = relative standard deviation.
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Table 5. Stability of mifepristone and monodemethyl-mifepristone in human plasma under various storage conditions (n = 5)

Storage condition Compound Nominal 
concentration

(ng/mL)

Calculated concentration
(ng/mL)

Mean ± SD Relative
errora (%)

−30oC/22 days
Mifepristone 10.0 10.8 ± 0.6 8.5

100.0 108.9 ± 7.7 8.9
1000.0 1053.1 ± 49.5 5.3

Monodemethyl-mifepristone 10.0 11.3 ± 1.1 12.5
100.0 104.9 ± 8.5 4.9

1000.0 1054.0 ± 91.2 5.4
−30oC/two freeze–thaw cycles

Mifepristone 10.0 10.2 ± 0.9 2.1
100.0 109.9 ± 2.6 9.9

1000.0 916.6 ± 27.0 −8.3
Monodemethyl-mifepristone 10.0 11.5 ± 0.3 15.0

100.0 94.1 ± 10.2 −5.9
1000.0 1064.3 ± 68.5 6.4

Room temperature/1 h
Mifepristone 10.0 9.6 ± 0.6 −4.1

100.0 105.2 ± 4.1 5.2
1000.0 939.9 ± 41.5 −6.0

Monodemethyl-mifepristone 10.0 9.6 ± 0.8 −3.8
100.0 102.8 ± 5.8 2.8

1000.0 1047.8 ± 31.4 4.8
Room temperature/24 h (extracted sample)

Mifepristone 10.0 10.3 ± 0.7 3.2
100.0 111.5 ± 1.3 11.5

1000.0 995.2 ± 53.4 −0.5
Monodemethyl-mifepristone 10.0 9.1 ± 1.5 −9.2

100.0 94.3 ± 3.5 −5.7
1000.0 937.5 ± 43.3 −6.3

a Relative error = .Overall mean assayed concentration  added concentration
Ad

−
dded concentration

  100×

Figure 4. Mean plasma concentration of mifepristone and monodemethyl-mifepristone after oral administration of single dose of 25 mg mifepris-
tone tablets to healthy Chinese female volunteers.
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6 ng/mL and the current method was sensitive enough for the
determination as compared with the previous HPLC methods
(Heikinheimo et al., 1986; He et al., 1989; Guo et al., 2006, 2007a,b;
Wei et al., 2003).

Conclusions
In this study, we reported on a newly developed LC-MS/MS
method for the simultaneous determination of mifepristone and
monodemethyl-mifepristone in human plasma. The sample pre-
treatment was a solid-phase extraction using methanol. The
analytes, mifepristone, monodemethyl-mifepristone and the IS
were subject to LC-MS/MS analysis using ESI technique with sat-
isfactory mass spectral response generated. Detailed validation
following FDA guideline indicated that the developed method
had high sensitivity, reliability, specificity and excellent effi-
ciency with a total run time of 4.5 min per sample and a low LOD
of 1.0 ng/mL. The method was successfully applied to determine
mifepristone and monodemethyl-mifepristone plasma concen-
trations in a pharmacokinetic study in healthy female volunteers
after a 25 mg mifepristone dose.
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