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Abstract:

A simple, sensitive and high throughput high performance
liquid chromatography tandem mass spectrometry method has been
developed for the simultaneous determination Ethinyl Estradiol and
Levonorgestrel in K;EDTA human plasma. The method involved
double liquid liquid extraction of Ethinyl estradiol and levonorgestrel
along with its deuterated analog as an internal standard (IS) from
0.600uL of human plasma. The chromatographic analysis was done on
Kinetex, PFP 100 A (50 X 4.6) mm, 2.6 pm column with the mobile
phase consisted Mobile phase organic mixture (Acetonitrile: Methanol,
95:05 v/v) and 2 mM Ammonium Acetate in water w/v as per gradient
time program. A triple quadrupole mass spectrometer operating in the
positive ionization mode was used for quantitation. In-source
fragmentation of Ethinyl estradiol and levonorgestrel was selectively
controlled by suitable optimization of cone voltage, cone gas flow and
desolvation temperature. The method was validated over a wide
concentration range of 1.000 pg/mL to 200.000 pg/mL for Ethinyl
Estradiol and for Levonorgestrel 25.000 pg/mL to 5000.000 pg/mL.
The Overall % recovery of was 67.39 % and 69.07% for Ethinyl
estradiol and Ethinyl estradiol D4 respectively. The Overall %
recovery 81.39% and 85.09% for Levonorgestrel and Levonorgestrel
D6 respectively. The method was successfully applied to support a
bioequivalence study Levonorgestrel and Ethinyl estradiol tablets,
0.15mg/0.03mg (T) in 48 healthy female human subjects.

Keywords: Ethinyl Estradiol, Levonorgestrel, Method validation,
plasma, Liquid-Liquid Extraction, bioequivalence.
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Introduction:

Levonorgestrel is synthetic
progestogen with chemical name (d (-)-13
beta-ethyl-17-alpha-ethinyl-17-beta-
hydroxygon-4-en-3-one)  and.  Ethinyl
estradiol is an estrogen with the chemical
name (19-nor-17a-pregna-1, 3, 5 (10)-
trien-20-yne-3, 17-diol). Levonorgestrel and
Ethinyl estradiol is a used as birth control
pill in combination. Oral contraceptives
work primarily by preventing/inhibiting
ovulation. It also suppresses the
gonadotropins. Other alteration includes
the changes in cervical mucus which
increases difficulty for sperm to enter in the
uterus and preventing changes in
endometrium required for fertilization of
egg. (2-6,31)

Levonorgestrel is quickly and fully
absorbed after oral administration, with a
bioavailability of about 100%. It does not
undergo first-pass metabolism or
enterohepatic circulation, meaning its
absorption remains consistent after oral
intake. On the other hand, ethinyl estradiol
is rapidly and almost completely absorbed
by the gastrointestinal tract. However, due
to first-pass metabolism in the gut mucosa
and liver, its bioavailability ranges between
38% and 48%. (7)

Cytochrome P450
(CYP3A4) in the liver are responsible for

the 2-hydroxylation of ethinyl estradiol,

enzymes

the major oxidative reaction. The 2-
hydroxy metabolite is further trans-
formed by methylation and
glucuronidation prior to urinary and fecal
excretion. Levels of cytochrome P450
(CYP3A) vary widely among individuals

and can explain the variation in rates of

ethinyl estradiol 2-hydroxylation. Ethinyl
estradiol is excreted into the urine and
feces as glucuronide and sulfate
conjugates, and undergoes enterohepatic
circulation. (7)

Accurate, precise and sensitive
method is required to quantify these
drugs form human matrix as many
formulations are available in market
including generic drugs. Evaluation of
bioequivalence requires ensuring that
generic products are just as safe and
effective as their brand-name
counterparts, maintaining consistent
therapeutic outcomes and patient safety.
(29,30)

LC-MS-MS based methods are
highly selective because they depend on
the physicochemical properties of the
drug for detection and quantitation. (8)
There are several LC-MS-MS methods
reported in literature to determine
Ethinyl estradiol and levonorgestrel. The
methods available are either for one drug
or simultaneous estimation of both. Few
assays methods have been reported for
individual analysis of ethinyl estradiol
and levonorgestrel, ethinyl estradiol and
levonorgestrel in combination with other
drugs and simultaneous estimation of
ethinyl estradiol and levonorgestrel. The
methods were optimized for estimation of
levonorgestrel in human serum, human
plasma and Rat plasma (09-12). For
ethinyl estradiol assay methods were
optimized in human plasma (12-17).
Some assay reported for ethinyl estradiol
with other drugs in human plasma and rat
plasma (18-22). Methods for the

simultaneous determination of oral
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contraceptives concentration in human
plasma were reported (23-25). However,
they are lacking required sensitivity.

The method presented has the
highest extensive range of linearity and
lowest LLOQ of 1.000-200.000 pg/mL for
ethinyl estradiol and 25.000-5000.000
pg/mL for levonorgestrel compared with
the reported simultaneous estimation
methods for ethinyl estradiol and
levonorgestrel in human plasma. The
plasma volume for sample preparation
was 0.600 mL, which was considerably less
than or similar to that in other reported
methods (13-15). The proposed method
was validated and its application to
sample analysis. Subject sample and
incurred sample reanalysis results are
also discussed with this method, which
are not presented in any other method.
(23-24)

Research Methodology:
Chemical and Materials:
standard Ethinyl
(99.37%), Lovonogestrel
(98.58%) and internal standard Ethinyl
estradiol D4 (98.69%), Levonogestrel D6

(99.01%) were obtained from bio-organics.

Reference

estradiol

The solution were used during the
development and validation Acetonitrile
(HPLC/ULC/MS/LC-MS grade), Ammonium
Acetate  (ACS/AR/GR/ULC/MS  grade),
Dansyl chloride (HPLC grade), Methanol
(HPLC/ULC/MS/LC-MS grade), Sodium
bicarbonate (ACS grade), Sodium hydroxide
(AR/LR  grade), Sample
Polypropylene  vials, @ Water = (HPLC

container:

grade/Type | Water). Blank Human plasma

stored at -20°C until used.

Liquid chromatography and mass
spectrometry setting:

Chromatographic  analysis was
conducted on a Waters Xevo TQ-XS
equipped with Acquity H-Class HPLC and
Kinetex, PFP 100 A (50 X 4.6) mm, 2.6 um
column, that was maintained at 252C in a
column oven. The mobile phase consisted
Mobile phase organic mixture (Acetonitrile:
Methanol, 95:05 v/v) and 2 mM Ammonium
Acetate in water w/v as per gradient time
program. lonization and detection of Ethinyl
estradiol, Levonorgestrel and  their
respective (Internal standards) IS were
conducted on a Waters Xevo TQ-XS mass
spectrometer, ion source ES+ .Multiple
reaction  monitoring (MRM), using
precursor—>product ion transitions of m/z
for Ethinyl estradiol 530.11/ 170.99 (m/z),
Levonorgestrel 313.09/ 245.06 (m/z) and
Internal standard Ethinyl estradiol D4
534.13/170.99 (m/z) and Levonorgestrel
D6 319.12/ 251.11 (m/z) respectively was
used to quantify the analyte and IS. The
source-dependent parameters maintained
for both analytes and IS were as follows: for
Capillary (kV) 1.00 , Source Temperature
(°C) 150, Desolvation Temperature (°C)
600, Cone Gas Flow (L/Hr) 150,
Desolvation Gas Flow (L/Hr) 1100,
Nebuliser Gas Flow (Bar) 7.00, Collision Gas
Flow (mL/min) 0.16.

The optimum values for compound-
dependent parameters like cone voltage (V)
40 for Ethinyl estradiol, 35 for Ethinyl
estradiol D4 , 34 for Levonorgestrel and for
Levonorgestrel D6 was 42. The collision
energy (eV) for Ethinyl estradiol, Ethinyl
estradiol D4 was 35 and for Levonorgestrel

16 and Levonorgestrel D6 was 20. Dwell

12
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time (s) was set at 0.063 ms and Span (Da)
was for Ethinyl estradiol, Ethinyl estradiol
D4, Levonorgestrel and Levonorgestrel D6.
Data collection, peak integration and
calculations were performed using Mass
Lynx V. 4.2.
Standard stock solutions, -calibration
standards and quality control samples:

The stock solution of Ethinyl
estradiol (0.200 mg/mL) was prepared by
dissolving  the  accurately  weighted
reference standard in methanol. Calibration
standards and quality control (QC) samples
were prepared by spiking mixed CC
intermediate and mixed QC intermediate
solution respectively. Calibration curve
standards of Ethinyl estradiol were made at
concentrations of 1.000, 2.000, 12.000,
32.000, 88.000, 128.000, 168.000, 200.000
pg/mL, whereas high, medium1,medium?2
and low QC samples were prepared at
concentrations of 152.000, 68.000, 21.000
and 3.000 pg/mL respectively.

The stock solution of Levonorgestrel
(0.200 mg/mL) was prepared by dissolving
the accurately weighted reference standard
in methanol. Calibration standards and
quality control (QC) samples were prepared
by spiking mixed CC and mixed QC
solution

intermediate respectively.

Calibration curve standards of
levonorgestrel were made at concentrations
of 25.000, 50.000, 300.000, 800.000,
2200.000, 3200.000, 4200.000, 5000.000
pg/mL, whereas high, medium1, medium 2
and low QC samples were prepared at
concentrations of 3800.000, 1700.000,
525.000 and 75.000 pg/mL respectively. A
stock solution (0.200 mg/mL) of the

Ethinyl estradiol D4 and Levonorgestrel D6

were prepared by dissolving the accurately
weighted respective reference standard in
methanol. Its Mixed ISTD working solution
(Ethinyl estradiol D4, 1000.000 pg/mL and
Levonorgestrel D6, 20000.000 pg/mL) was
prepared by appropriate dilution of the
stock/ ISTD intermediate solution in
methanol. All solutions (standard stock,
calibration standards and QC samples) were
stored at 5 C until use.

Sample preparation:

Sample handling and processing
was carried out under normal light. All
frozen  subject samples, calibration
standards and quality control samples (in
K2EDTA) were thawed and allowed to
equilibrate at room temperature before
extraction. To an aliquot of 0.600 mL of
spiked plasma sample, 50pL of IS was added
and vortex-mixed. Further, Added 2.500ml
of (Extraction organic mixture) tert-Butyl
methyl ether: n-Hexane, 50:50 v/v to all the
samples. Sample rotated at 30 rpm for 15
minutes on Liquid-Liquid extractor. All the
samples were centrifuged at 4000 rpm at
10+2°C for 10 minutes. 2.000 mL of
supernatant was withdrawn into pre-
labelled tube and evaporated to dryness
under nitrogen pressure at 30°C
temperature. Reconstituted the samples
with 0.200 mL of (Extraction buffer) 0.1M
Sodium Bicarbonate pH 11.000 = 0.150 and
added 0.200 mL of Dansyl Chloride and
vortexed to mix. Incubated the samples for
15 minutes at 552C in hot water bath of
Evaporator. After Incubation samples were
kept at ambient temperature for cooling.
Added 2.500 mL of Extraction Organic
Mixture to all the samples. Samples were

rotated at 30 rpm for 15 minutes on Liquid-

13
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Liquid extractor. Centrifuged all the
samples at 4000 rpm at 10+2°C for 10
minutes. Withdrawn 2.000 mL of
supernatant into pre-labelled tubes.
Evaporate to dryness under nitrogen
pressure at 30°C temperature. The dried
samples were reconstituted with 0.150 mL
of reconstitution Solution and vortexed to
mix. Appropriate volume of final solutions
was transferred into pre-labeled auto-

sampler vials.

Method Validation Procedures:

The method was validated for
human plasma following the ICH guideline
M10 on bioanalytical method validation and
study sample analysis (1).

A system suitability experiment was
performed by injecting six consecutive
injections using aqueous standard mixtures
of (Ethylene estradiol 50.000 pg/mL and
levonorgestrel 1250.000 pg/mL) and IS
mixture of (Ethinyl estradiol D4, 1000.000
pg/mL and levonorgestrel D6, 20000.000
pg/mL) at the start of each batch during
method validation.

System Performance experiment
was performed once in a day at the
beginning of analytical batch or before any
re-injection. Extracted Standard blank,
upper limit of quantitation (ULOQ), 1st
repeated acquisition of extracted standard
blank, 2nd repeated acquisition of extracted
standard blank, lower limit of quantitation
(LLOQ), the system performance was
evaluated by carryover observed in
extracted Standard blank injected after
ULOQ should and % Interference observed
in first acquired STD BL(before ULOQ).

The selectivity of the method was
established by screening separately the
blank plasma (without spiking with Analyte
or internal standard). One blank sample
was prepared and one sample equivalent to
LLOQ from each blank lot using at least 10
different lots of human plasma along with
CC standards (STD 1 to STD 8) and two sets
of batch qualifying QCs (at higher, middle
and lower level). 10 different lots of plasma
of which, six normal, two lipemic and two
haemolysed plasma having anticoagulant
K2EDTA were screened.

The selectivity was evaluated by
comparing the responses of interfering peak
at the retention time of Analyte in the
standard blank against the response of the
respective extracted LLOQ sample. For
internal standard (ISTD), Selectivity was
evaluated by comparing the response of
interfering peak at the retention time of
ISTD in the blank against the mean area
response of ISTD in analytical batch.

The linearity of the method was
determined by the analysis of four linearity
curves containing eight non-zero
concentrations. The area ratio response for
analyte/IS obtained from MRM was used for
regression analysis. Each calibration line
was analyzed by least square weighted
(1/x) linear regression. The lowest
standard on the calibration line was
accepted as the LLOQ, having at least 10
times more response than drug-free (blank)
extracted human plasma.

To determine the intra-batch
accuracy and precision by using 6 replicate
samples at LLOQ QC, low, middle and high
quality control samples along with

calibration curve standards were analyzed

14
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on the same day. The inter-batch accuracy
and precision were assessed by analyzing
five precision and accuracy batches on three
different days. The within run precision at
each concentration level of QC samples
should be < 15.00% and for the LLOQ QC it
should be < 20.00%.

The % recovery for analyte and
internal standard (ISTD was determined by
comparing the mean peak area of the
analyte and internal standard in 6 replicates
of extracted samples against mean peak
area of 6 replicates of post extracted quality
control samples at high, middle and low
concentrations.

Matrix effect was performed by
processing three aliquots each of low and
high QC samples from each ten different
lots/source  of previously screened
biological matrix with same anticoagulant
{including two hemolysed (2% hemolysed)
and two lipemic lots} as per respective
method SOP. The samples will be analyzed
against freshly prepared CC standards and
two sets of batch qualifying QC samples (at
higher, middle and lower level) prepared in
normal screened plasma as per the method
SOP.

The matrix stability experiment
were performed by using freshly prepared
calibration curve standard and freshly
prepared QCs samples (batch qualifying
samples) at HQC and LQC levels along with
the stability samples at same levels. Stock
solutions and working solution of Ethinyl
estradiol, Levonorgestrel and their
respective IS were checked for short-term
stability at room temperature and long-
term stability at 52C. Autosampler (wet

extract), bench top (at room temperature),

freeze-thaw and long-term stability in
plasma were performed at high and low QC
levels using six replicates. The samples
were considered stable if the deviation from
the mean calculated concentration of QC
samples was within 15.00%.

The ruggedness of the method was
evaluated on three precision and accuracy
batches. The first batch was analyzed by
different analysts, the second batch was
studied on two different columns (same
make but different batch number) and third
on two different equipment (same make).

The dilution
determined at a concentration of 360.000

integrity = was
pg/mL  for Ethinyl estradiol and
9000.000pg/mL for Levonorgestrel. The
precision and accuracy for dilution integrity
standards at 1/2 and1/10 dilution were
determined by analyzing the samples
against freshly prepared calibration curve

standards.

Application of the method and incurred
sample reanalysis (ISR):

The design of the clinical study in
healthy volunteers was an open label,
balanced, randomized, two treatment, two
sequence, two period, crossover, truncated
(for Levonorgestrel) single oral dose
bioequivalence study of Levonorgestrel and
Ethinyl estradiol tablets, 0.15mg/0.03mg
(T) manufactured by Generic Company,
India with MICROGYNON 30
(Levonorgestrel and Ethinyl estradiol
tablets, 0.15mg/0.03mg) (R) of MA holder,
Bayer B.V. Sirius reef 36 2132 WT
Hoofddrop, Netherlands, in 48 normal,
healthy, adult female subjects (18-45 years)

under fasting conditions. Written consent
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was taken from all subjects after informing
them about the objectives and possible risks
involved in the study. The study was
conducted in accordance with EMA
guidelines (26) and ICH E6 guidelines (27).
The primary target variables of the study
for levonorgestrel were Cmax, AUCo.72 and
AUCo.int for Ethinyl estradiol Cmax, AUCo.¢ and
AUCo.int which were analyzed using the
confidence  interval  approach. The
secondary parameters of the study
included Tmax for levonorgestrel AUCo.
t/AUCo.inr, Residual area, Tmax, ti/2 and Ke, n
points, Kel Lower and Kel upper for Ethinyl
estradiol.

After an overnight fasting of at least
10.00 hrs. prior to scheduled time of dosing,
all subjects were administered single oral
dose of one tablet of either test product (T)
or one tablet of reference product (R) orally
as per randomization sequence in sitting
posture with 240 + 02 mL of water at room
temperature. Blood samples of were
collected at pre-dose (00.00 hr) in morning
of dosing day and at 00.25, 00.50, 00.75,
01.00, 01.25, 01.50, 01.75, 02.00, 02.25,
02.50, 03.00, 04.00, 06.00, 08.00, 12.00,
16.00, 24.00, 36.00, 48.00 and 72.00 hours
after dosing in each period of the study in
K2EDTA Vacutainer. After collection of
blood samples from the subjects at each
time point, centrifuged the samples at 4000
RPM for 10 minutes at 4°C. The separated
plasma was transferred in appropriate sized
polypropylene screw top (previously
labeled with project no., period no., subject
no., sample time point, Aliquot-1 and
Aliquot-2) biological sample storage vials in
two aliquots. All plasma samples were

stored at -70+15°C until analysis.

Statistical analysis was done on
Levonorgestrel and Ethinyl estradiol
pharmacokinetic data using the SAS®
software (version 9.4).

Pharmacokinetic and Statistical
analysis for plasma concentration vs. time
profile of Levonorgestrel and Ethinyl
estradiol was performed on the data
obtained from the subjects completing both
the study periods.

The In-transformed
pharmacokinetic parameters Cmax , AUCo-72
and AUCo.inr For Levonorgestrel and Cmax,
AUCo.: and AUCo.int for Ethinyl estradiol was
analyzed by analysis of variance (ANOVA)
using SAS® Software.

For Levonorgestrel and Ethinyl
estradiol, based on the statistical results of
90% confidence intervals for the geometric
least square means ratio of test to reference
product for the pharmacokinetic
parameters Cmax , AUCo.72 and AUCo.inr for
Levonorgestrel and Cpax, AUCo.c and AUCo.in
for Ethinyl estradiol, conclusions were
drawn  whether test product is
bioequivalent to reference product under
fasting conditions. Acceptance range for
comparative bioavailability is 80.00% -
125.00% for 90% confidence intervals of
the geometric least square means ratio of
test to reference product for Cmax , AUCo.72
and AUCo.in¢ for Levonorgestrel and Cmax ,
AUCo.72 and AUCo.int for Ethinyl estradiol.

An incurred sample re-analysis was
also conducted by the selection of 197
human samples (10% of total analyzed
samples) near the maximum blood
concentration (Cmax) and the elimination
phase in the pharmacokinetic profile of the

drug. Reanalyzed samples will be that 2/3rd
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of the reanalyzed samples must have
concentrations that fall within + 20% of the
result of the original analysis.(28)
Experimental:
Method development:

The

extraction methods are Liquid-Liquid

three commonly used
extraction (LLE), Solid phase extraction
(SPE) and protein precipitation (PPT). To
develop a selective, rugged and reliable
method for the estimation of Ethinyl
estradiol and levonorgestrel in human
plasma all the extraction procedures
were systematically investigated
individually as well in combination. The
chromatographic and mass spectrometric
conditions were suitably optimized to get
the desired sensitivity, selectivity and
linearity in regression curves.

Mass spectrometry:

Ehinyl estradiol and levonorgestrel
was tuned in the electrospray ionization
(ESI) mode with both negative and positive
the

ionization (ESI) mode with positive polarity

polarity.  However, electrospray

was provided a good signal. The dansyl

170.99
100]

7} 5 oy Y CE— T
140 220

300

miz (amu)

derivatization of ethinyl estradiol (EE)
introduces a basic secondary nitrogen into
the

ionization in acidic HPLC mobile phases.

molecule, which was facilitates
Under positive turbo ion spray ionization,
the derivatized EE exhibits a prominent
protonated molecular ion at m/z 530.11.
During collision-induced dissociation, this
ion produces a characteristic fragment at
170.99, the

protonated amino)

corresponding to
5-(dimethyl
naphthalene group. The multiple reaction
monitoring (MRM) of the m/z 530.11 -
170.99 transition provides high specificity
(fig. 1), with no
detectable background interference from
The

intense

m/z

for ethinyl estradiol

human blank plasma samples.

levonorgestrel showed an
protonated molecular ion at m/z 313.09
under positive turbo ion spray ionization.
The collision-induced dissociation of this ion
formed a distinctive product ion at m/z
245.06. The multiple reaction monitoring
(MRM), based on the m/z 313.09 -245.06
transition, was used for levonorgestrel (fig.

2).

Fig. 1: Product ion mass spectra of ethinyl estradiol (m/z 530.11-170.99, scan range 100-540

amul) in the positive ionization mode.

17



@ Young Researcher

Peer Reviewed | International Open Access Journal
ISSN: 2277-7911 | Impact Factor - 5.958| Website: https://yra.ijaar.co.in/

YOUNG RESEARCHER

Volume-14, Issue-3 | July - August - September 2025

| 100.20
[ |
' dthy

100 180

T R TR |
o L ,_u.f‘, L4 ARITA LA 'A‘A'.-L.",-.‘;’A'A CPLLITATU) TR TV D O ) YT oo
140

245.08

LA, \

260 300 ) 340

mz (amu)

Fig. 2. Product ion mass spectra of levonorgestrel (m/z 313.09-245.06, scan range 100-350

amu) in the positive ionization mode.

This achieved an LLOQ of 1.000
pg/mL  for  Ethinyl estradiol and
25.000pg/ml for levonorgestrel using a
0.600 mL plasma sample and injecting
20.00 pL into Xevo TQ-XS (Waters) mass
spectrometer. The source dependent and
compound dependent parameters were
suitably optimized to obtain a consistent
and adequate response to both the analyte.
A dwell time of 0.063 seconds and a span of
200 Da were determined to be sufficient for
both drugs and their respective internal
standards (IS), ensuring accurate and
precise multiple reaction monitoring
(MRM). Collision energies were optimized
at 35 eV for ethinyl estradiol and its IS,
ethinyl estradiol D4, 16 eV for
levonorgestrel, and 20 eV for its IS,
levonorgestrel D6. Additionally, to minimize
in-source fragmentation, the cone voltage,
desolvation, and cone gas flow were
carefully fine-tuned, maintaining optimal
responses for both ethinyl estradiol and
levonorgestrel.

Optimization of extraction technique:

Reported procedures for the
estimation of ethinyl estradiol in human
plasma have used SPE, LLE, PPT
followed by LLE, LLE followed by SPE

for sample preparation with little or no

information on ion suppression or matrix
interference. Considering the steroidal
moiety in chemical structures of both
analytes and the high log P value LLE was
tried by using the various combinations of
extraction solutions like tert-Butyl methyl
ether, n-hexane, n-heptane. Added tert-
Butyl methyl ether combined with n-
hexane in a proportion of 50:50 (v/v) added
to the sample and rotated the samples
Liquid-Liquid extractor. After selective
extraction of both analytes, the organic
supernatant layer was separated and
evaporated to dryness. The dried residue
was reconstituted with Sodium Bicarbonate
subjected to dansyl derivatization with
incubation in hot water bath. After
derivatization, at ambient temperature tert-
Butyl methyl ether combined with n-
hexane in a proportion of 50:50 (v/v) added
to the sample. Rotated the samples Liquid-
Liquid extractor, centrifuged and withdrew
the supernatant. After drying in evaporator
reconstitution solution added to the sample.
which provided help to improve the
sensitivity, compatibility and reproducible
response.
Optimization of chromatographic
conditions

During method development to
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have a rugged and efficient

chromatography, different  analytical
columns were tested to achieve adequate
run time, good peak shapes and minimum
solvent consumption and matrix
interference. In reported method several
columns were used for Ethinyl estradiol and
levonorgestrel (08-25), the different
columns were evaluated in the present
work, namely, zorbax SB-C8 4.6*250mm,
5um, Exsil mono 100 C18, 3um,
100*4.6mm, Exsil plus 100 C18-PFP,
3um, 50*4.6mm, Zorbax Eclipse XDB-C18
4.6*150mm, 5um, Kinetex ,2.6pm F5,
50*2.1mm and Kinetex, PFP 100 A (50 X
4.6) mm, 2.6 pm analytical columns.
Furthermore, the mobile phase was
optimized using Acetonitrile-formic acid
and Acetonitrile-methanol and with acidic
buffers like formic acid-ammonium formate
, acetic acid- ammonium acetate, formic acid
in water in different compositions.
Separation was tried on different column.
Levonorgestrel required a relatively
higher portion of aqueous composition to
separate closely eluting interferences on
selected MRM, while derivatized ethinyl
estradiol required a higher portion of
organic composition to elute out in
relatively shorter retention time while
still maintaining the selectivity.(25)
Hence, careful optimization of
chromatography was needed with
gradient programming starting from
lower organic portion 45% till separation
of levonorgestrel peak to 50% organic

portion till separation of ethinyl estradiol

and providing nonpolar interference
wash out with 95% of organic proportion.
In the present work, the best
chromatographic conditions as a function
of analyte peak intensity, peak shape,
adequate retention and analysis run time
were achieved with Kinetex, PFP 100 A (50
X 4.6) mm, 2.6 um using 0.01% using
Acetonitrile: Methanol, 95:05 v/v, 2 mM
Ammonium Acetate in water w/v (45:55 to
95:05 (v/v) gradient programming) as
the mobile phase. The total
chromatographic run time was 13.0 min
with a retention time of 1.85 and 8.50 min
for levonorgestrel and ethinyl estradiol,
respectively. The LLOQ achieved for
ethinyl estradiol and levonorgestrel was
1.000 pg/mL and 25.000 pg/mlL,
respectively, which was lowest compared
with other methods reported in human
plasma. Representative @~ MRM  ion
chromatograms of extracted blank human
plasma (double blank) at LLOQ for ethinyl
estradiol (Fig. 3) and levonorgestrel (Fig.
4) demonstrated the selectivity of the
method. The chromatograms showed
acceptable peak shape for both the drugs.
Ethinyl estradiol D4 and levonorgestrel-
D6 were the deuterated compounds
selected as internal standards in the
present work. They had similar
chromatographic behavior and were
easily separated and eluted along with the
analytes. There was no effect of IS on
analyte recovery, sensitivity or ion

suppression.
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Fig.3 Representative MRM ion-chromatograms of (A) double blank (without Ethinyl estradiol
and IS), (B) blank plasma with IS, (C) Ethinyl estradiol at LLOQ and IS, and (D) subject sample at
2.0 h after administration of 0.03mg dose of Ethinyl estradiol.
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Fig.4 Representative MRM ion-chromatograms of (A) double blank (without Levonorgestrel and
IS), (B) blank plasma with IS, (C) Levonorgestrel at LLOQ and IS, and (D) subject sample at 2.0 h

after administration of 0.15mg dose of Levonorgestrel.

Results and Discussions:
Results for method validation:

For system suitability the % CV of
analyte and ISTD Area ratio was observed
1.05% for Ethinyl estradiol and <

for

as <

1.87%
performance Peak area of Ethinyl estradiol
(Signal of Ethinyl estradiol) was = 18.1 and

Peak area of Levonorgestrel (Signal of

Levonorgestrel. In system

Levonorgestrel) was = 28.5. Carryover
evaluation was performed in each analytical
run to ensure that it did not affect the
accuracy and the precision of the proposed

method. During the method validation

levothyroxine Carryover observed for
Ethinyl estradiol as < 12.62 % and for
Ethinyl estradiol D4 < 0.00%, for
levonorgestrel < 514 % and for

D6 < 004 % .The
calibration lines were linear over the
range of 1.000-200.000
pg/mL for Ethinyl estradiol and 25.000-
5000.000 pg/mL for Levonorgestrel.

levonorgestrel

concentration

The mean linear equation was y=
(0.02090+0.00046) x + (0.00028+ 0.00122)
for Ethinyl estradiol. The mean linear
equation for Levonorgestrel was y =
(0.00125+0.00007) X +
(0.0003963+0.0005783), where y is the
peak area ratio of the analyte/IS and x is the
concentration of the analyte.

The mean * SD value for correlation
coefficient (r) was 0.9997+ 0.000108 for
Ethinyl estradiol and 0.9998 + 0.000191 for

Levonorgestrel.
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The accuracy and precision (%CV)
for the
standards ranged from 97.68 to 102.65%
and 0.74 to 6.61, respectively for Ethinyl

observed calibration curve

estradiol. The accuracy and precision (%CV)
for the
standards ranged from 98.04 to 101.87%

observed calibration curve

and 098 to 2.24, respectively for
Levonorgestrel.
The lowest concentration in the

standard curve that could be achieved with

acceptable accuracy and precision was

estradiol and  25.000 pg/ml for
Levonorgestrel at a signal-to-noise (S/N) of
about 17.05 and 75.68 respectively .Based
on the high S/N values, it was possible to
lower the quantitation limit.

The (CV)
ranged from 0.97 to 1.98% and the accuracy
was within 94.16 and 99.81%. For the inter

batch experiments, the precision varied

intra-batch precision

from 3.46 to 7.29% and the accuracy was
within 93.60 and 98.29% for Ethinyl
estradiol. (Table 1).

found to be 1.000 pg/mL for Ethinyl
Table 1: Intra-batch and inter-batch precision and accuracy of Ethinyl estradiol

QC Nominal Intra batch QC Nominal Inter batch

Concentration n Mean Accuracy (%% Concentration | n Mean Accuracy cv

(pg/mL) concentration (%) (%) (pg/mL) concentration (%) (%)

found found
(pg/mL) * (pg/mL) T

HQC 152.000 6 148.4300 97.65 0.77 HQC 152.000 30 146.1350 96.14 2.52
MQC1 68.000 6 66.0375 97.11 0.83 MQC1 68.000 30 65.2688 95.98 2.43
MQC2 21.000 6 20.5592 97.90 1.38 MQC2 21.000 30 20.3407 96.86 2.19
LQC 3.000 6 2.8997 96.66 3.24 LQcC 3.000 30 2.8371 94.57 4.62
LLOQ 1.000 6 0.9253 92.53 7.82 LLOQ 1.000 30 0.9568 95.68 9.09
QC QC

* Mean of six replicates at each concentration

TMean of six replicates of five Precision and accuracy batches

The intra-batch precision (CV) varied from 2.99 to 7.73% and the accuracy
ranged from 1.04 to 9.70% and the accuracy was within 95.14 and 99.22% for
was within 91.64 and 103.31%. For the Levonorgestrel. (Table 2).
inter batch experiments, the precision

Table 2: Intra-batch and inter-batch precision and accuracy of Levonorgestrel

QC Nominal Intra batch QC Nominal Inter batch

Concentration n Mean Accuracy cv Concentration n Mean Accura cv

(pg/mL) concentration (%) (%) (pg/mL) concentration cy (%) (%)

found found (pg/mL)
(pg/mL) * #

HQC 3800.000 6 3737.2582 98.35 0.96 HQC 3800.000 30 3676.6663 96.75 1.77
MQC1 1700.000 6 1660.7887 97.69 1.19 MQC1 1700.000 30 1643.1605 96.66 1.82
MQC2 525.000 6 515.9578 98.28 0.79 MQC2 525.000 30 511.4472 97.42 1.63
LQC 75.000 6 72.9285 97.24 1.95 LQC 75.000 30 72.4354 96.58 2.51
LLOQ 25.000 6 25.1608 100.64 3.02 LLOQ 25.000 30 25.3440 101.38 3.33
QC QC

* Mean of six replicates at each concentration

# Mean of six replicates of five Precision and accuracy batches
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The Overall % recovery of was 67.39 % and
69.07% for Ethinyl estradiol and Ethinyl
estradiol D4 respectively. The Overall %
recovery 81.39% and 85.09% for
Levonorgestrel and Levonorgestrel D6
respectively.

Matrix effect was performed in
human plasma, for each individual matrix
lot/source evaluated, % mean accuracy was
within  #15.00% of their nominal
concentration and the % CV for samples
was <15.00% at HQC and LQC level.

The stability of the Ethinyl Estradio],
Levonorgestrel and their respective IS in
human plasma and stock solutions were
examined under  different  storage

conditions. Stock solutions of Ethinyl

estradiol, Levonorgestrel and  their
respective IS remained unchanged up to
18.0 hrs. at room temperature (short-term
stability) and for a minimum of 29 days at
refrigerated temperature, 52C (long-term
stability).

Spiked plasma samples stored at -
20°C and -70°C for the long-term stability
experiment were found to be stable for a
minimum period of 83 days.

The autosampler stability of the
spiked quality control samples maintained
at 102C was determined up to 145.0 hrs.
without significant drug loss. All stability
results in plasma at two QC levels are
shown in Table 3 and Table 4.

Table 3: Stability results of Ethinyl estradiol

Stability of the Ethinyl Estradiol in human plasma (n=6)

Storage condition Nominal Mean Stability % Mean Stability
concentration samples = SD
(pg/mL)
Bench top stability at ambient temperature (22 Hrs.)
HQC 152.000 146.5720+1.40186 96.43
LQC 3.000 2.8665+0.09210 95.55
Stability of Dry extract at -20+5 2C (22 Hrs.)
HQC 152.000 145.8430+1.08941 95.95
LQC 3.000 2.7648+ 0.14288 92.16
Freeze and Thaw stability 5 cycles at -20+52C
HQC 152.000 146.6895+1.85537 96.51
LQC 3.000 22.8497+0.06388 94.99
Freeze and Thaw stability 5 cycles at -70+52C
HQC 152.000 146.0317+1.24115 96.07
LQC 3.000 2.8472+0.10025 94.91
Long term matrix stability(83 days)
HQC 152.000 146.4668+1.16041 96.36
LQC 3.000 2.7827+0.06353 92.76
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Table 4: Stability results of Levonorgestrel

Stability of the Levonorgestrel in human plasma (n=6)

Storage condition Ic\Ioorircl;I;iLation Mean Stability samples | % Mean Stability
+SD

(pg/mL)
Bench top stability at ambient temperature (22 Hrs.)
HQC 3800.000 3626.4603+68.73080 95.43
LQC 75.000 72.1602+ 1.18920 96.21
Stability of Dry extract at -20+5 2C (22 Hrs.)
HQC 3800.000 3610.1755+62.81200 95.00
LQC 75.000 71.9958+1.34028 95.99
Freeze and Thaw stability 5 cycles at -20+52C
HQC 3800.000 3598.7198+58.38156 94.70
LQC 75.000 70.4478+ 0.79900 93.93
Freeze and Thaw stability 5 cycles at -70£152C
HQC 3800.000 3663.4210+31.33694 96.41
LQC 75.000 71.2548+ 0.62612 95.01
Long term matrix stability(83 days)
HQC 3800.000 3555.6740+55.06855 93.57
LQC 75.000 70.6405+0.94202 94.19

For method ruggedness, the precision (CV)
and accuracy values for Ethinyl Estradiol
with different columns ranged from 0.75 to
3.34% and 91.08 to 96.15%, respectively.
For Levonorgestrel with different columns
ranged from 0.26 to 1.42% and 93.70 to
95.37%, respectively.

The experiment with different
analysts, the results varied from 1.07 to
1.50% and 99.21 to 100.96% for precision
Ethinyl  Estradio],
respectively. For Levonorgestrel the results
varied from 0.68 to 2.62 % and 97.84 to

98.86 % for precision and accuracy,

and accuracy of

respectively.

The precision for dilution integrity
of 1/2 and 1/10th dilution were 0.44 and
1.87%, and the accuracy results were 96.17
and 97.12%, respectively for Ethinyl
estradiol and 1.12 to 0.60%, and the

accuracy results were 96.51 to 96.15%,
respectively for Levonorgestrel, which is
well within the acceptance limits of 15% for
precision (CV) and 85 to 115% for accuracy.

Application to bioequivalence study and
ISR results:

The developed method was used to
Ethinyl

estradiol concentration in human plasma

estimate Levonorgestrel and

administration of
and Ethinyl
tablets, 0.15mg/0.03mg oral dose. Fig. 5

shows the mean plasma concentration vs.

samples after

Levonorgestrel estradiol

time profile of Levonorgestrel and Fig. 6
Ethinyl estradiol in healthy subjects. The
method was sensitive enough to monitor
and Ethinyl

concentration up to 72.0 hrs.

Levonorgestrel estradiol
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Mean Plasma Concentration (pg/mL) vs Time Profile
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Fig. 5 Mean plasma concentration vs. time profile of Ethinyl estradiol in healthy subjects
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Fig. 6 Mean plasma concentration vs. time profile of Levonorgestrel in healthy subjects

The
pharmacokinetic parameters Cmax, AUCo-t
and AUCo.inr For Ethinyl estradiol and Cmax,
AUCo.72 and AUCo.ns Levonorgestrel for

In-transformed

under fasting conditions are summarized in
table 05 and 06 respectively. Furthermore,
there was no adverse event during the
course of the study.

ISR results showed % difference for

assay reproducibility within 5% for 145

samples, 5-10% for 26 samples, 10-15%
for 22 samples, while the remaining 4
samples showed % change between 15%
and 20% Ethinyl
levonorgestrel assay reproducibility within
5% for 177 samples, 5-10% for 19 samples,
10-15% for 1 samples (Fig.7 and Fig. 8).
This authenticates the reproducibility of the

for estradiol. For

proposed method.

Ethinyl Estradiol
200
% 145
g 150
3
= 100
-5
E 50 26 22
= 4
S5 O =m ,
Oto 5 05to 10 10to 15 15to 20
%o difference

Fig. 7 % Change for assay reproducibility results with incurred study samples for Ethinyl

estradiol.
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Incurred samples
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Fig. 8

Levonorgestrel.

% Change for assay reproducibility results with incurred study samples for

Table 5: Mean pharmacokinetic parameters and 90% CIs of natural log (Ln)-
transformed parameters following oral administration of Levonorgestrel and Ethinyl
estradiol tablets, 0.15mg/0.03mg oral dose 48 healthy female subjects for Ethinyl estradiol.

90%
Ratio confidence Intra-
Geo LS Geo LS . subject
Parameter (test/reference) interval o
Mean Test Mean Ref variation
(%) (Lower- (%CV)
Upper) 0
Crmax 100.80-
(pg/mL) 85.13 80.74 105.44 110.30 13.20
AUC ot 98.83-
(h pg/mL) 1010.80 972.36 103.95 109.34 14.83
AUC o-inf 98.35-
(h pg/mL) 1088.85 1058.72 102.85 10755 13.11

Table 6: Mean pharmacokinetic parameters and 90% ClIs of natural log (Ln)-
transformed parameters following oral administration of Levonorgestrel and Ethinyl
estradiol tablets, 0.15mg/0.03mg oral dose 48 healthy female subjects for Levonorgestrel.

90%
Ratio confidence [ntra-
Geo LS Geo LS . subject
Parameter (test/reference) interval o
Mean Test Mean Ref variation
(%) (Lower- (%CV)
Upper) ’
Cinax 101.57-
(pg/mL) 2803.06 2738.13 102.37 10318 2.30
AUC ¢.72 100.26-
(h pg/mL) 36525.05 35919.18 101.69 103.14 4.13
AUC o-inf 98.71-
(h pg/mL) 66332.52 65698.60 100.96 103.28 6.61
Conclusion: M10 guidelines. A total of 2016 samples

The HPLC-ESI MS/MS method for
the quantitation of Ethinyl estradiol and

levonorgestrel

in human plasma was

developed and fully validated as per the

were analyzed during a period of 28 days,
which included calibration, QC and subject
samples and the precision and accuracy

were well within the acceptable limits.
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The advantages of this method
include high sensitivity, small sample
volume for processing, and simultaneous
estimation with lowest LLOQ. Based on
dilution reliability results it is possible to
extend the ULOQ to 360pg/mL for Ethinyl
estradiol and 9000 pg/ml for
levonorgestrel. In  addition, assay
reproducibility is effectively proved by
reanalysis of 197 subject samples.

References:

1. 25 July 2022
EMA/CHMP/ICH/172948/2019
Committee for Medicinal Products for
Human Use ICH guideline M10 on
bioanalytical method validation and
study sample analysis Step5.

2.Levonorgestrel/Ethinyl Estradiol
Information.  Available from
(http://www.
drugs.com/pro/levonorgestrel-
ethinyl-estradiol.html) (accessed
20/08/2024).

3.Levonorgestrel/Ethinyl Estradiol
Information. Available from:
(https://www.drugs.com/mtm/levo

norgestrel-emergency-

contraceptive.html) (accessed
20/08/2024).

4. Levonorgestrel Information. Available
from:

https://medlineplus.gov/druginfo/m
eds/a610021.html)(accessed
20/08/2024).

5.Ethinyl Estradiol Information.
Available from:
https://medlineplus.gov/druginfo/
meds/a601050.html
20/08/2024).

(accessed

6. Levonorgestrel/Ethinyl Estradiol
Information.  Available from
(https://www.webmd.com/drugs/2
/drug-144398/levonorgestrel-
ethinyl-estradiol-and-ethinyl-
estradiol-oral/details

7.Lutera Drug Product Information.
Available from:
https://www.rxlist.com/lutera-
drug.htm#clinpharm(accessed
20/08/2024).

8.Taylor, P.J (2005), High-performance
liquid chromatography-mass
spectrometry  in  the clinical
laboratory, Therapeutic Drug
Monitoring; 27,689 - 693.0163-4356

9. H.B. Theron, C. Coetzee, F.C.W.
Sutherland, et al,(2004), Selective
and sensitive liquid chromatography-
tandem mass spectrometry method
for the determination of
levonorgestrel in human plasma,
Journal of Chromatography B 813
(2004) 331-336,1570-0232

10. Liu F, Xu Y, Liu A, Xu F, Hu W, Guo
Q (2008) LC-tandem-MS
validation for the quantitative
analysis of levonorgestrel in human
plasma. Chromatographia.68:707-
712,1612-1112.

11. Moser C, Gschliesser A, Mattle V,
Wildt L, Griesmacher A, Seger
C.(2011) An ultra-sensitive online
SPE-LC-MS/MS method for the
quantification of levonorgestrel
released from intrauterine
devices,Anal Bioanal
Chem.;400:2655-62. 1618-2650

12. Suryatheja  Ananthula et al,
(2015).Development and

27


http://www.drugs.com/cdi/levonorgestrel-ethinyl-estradiol.html
http://www.drugs.com/cdi/levonorgestrel-ethinyl-estradiol.html

= !
YOUNG RESEARCHER

Young Researcher

Peer Reviewed | International Open Access Journal
ISSN: 2277-7911 | Impact Factor - 5.958| Website: https://yra.ijaar.co.in/

Volume-14, Issue-3 | July - August - September 2025

13.

14.

15.

16.

validation of sensitive LC/MS/MS
method for quantitative bioanalysis
of levonorgestrel in rat plasma and
application to pharmacokinetics
study. ] Chromatogr B Analyt
Technol Biomed Life Sci, Oct
15:1003:47-53, 1570-0232.

W.Z. Shou, X. Jiang, W. Naidong,
(2004)
validation of a high-sensitivity

Development and

liquid chromatography/tandem
spectrometry (LC/MS/MS)
method with

mass
chemical

the
determination of ethinyl estradiol

derivatization for

in human plasma, Biomedical
Chromatography Volume18,7 ,414-
421.1099-0801

Vijay Kotra, Nageswara Rao
Ramisettil, Rajeesha Surapaneni,
Sathish Kumar Konidala (2017)
Development and validation of a
liquid chromatography/tandem
mass spectrometric method for
determination of ethinyl estradiol
in human plasma, Drug
development and
therapeutics,8(1)17-24, 2394-6555
J.P. Wheaton, E.E. Chambers, K.J.
(2012) Challenges

an

Fountain, in

developing ultra- sensitive
bioanalytical method for Ethinyl
estradiol in human plasma,
Bioanalysis, 4 769-781, 1757-6199.
M.R. Anari, R. Bakhtiar, B. Zhu, et
al,,(2002) Derivatization of Ethinyl
estradiol with dansyl chloride to
enhance electrospray ionization:
application in trace analysis of

Ethinyl estradiol in rhesus monkey

17.

18.

19.

20.

plasma,  Analytical = Chemistry
74(16),4136-4144, 1520-6882

N.C. Borges, R.B. Astigarraga, C.E.
Sverdloff, et al.,(2009) A novel and
sensitive method for ethinyl
estradiol quantification in human
plasma by high-performance liquid
to

chromatography coupled

atmospheric pressure

photoionization (APPI) tandem

mass spectrometry: application
to a comparative
pharmacokinetics study, Journal
of Chromatography B, 877 (29)
3601-3609, 1570-0232.

M. Bonn, U. Eydeler, M. Barkworth,
et al.,(2009) Bioequivalence study
tablet

of generic formulations

containing ethinylestradiol and
chlormadinone acetate in healthy
volunteers,

2009;

female
Arzneimittelforschung
59(12): 651-658,1616-7066

W. Li, Y.H. Li, A.C. Li, et al.,(2005)
Simultaneous determination of
norethindrone and ethinyl

estradiol in human plasma by high
performance liquid
chromatography with tandem mass
spectrometry-experiences on
highly

derivatization

developing a selective

method using
reagent for enhancing sensitivity,
Journal of Chromatography B, 825,

(2),223-232.

X.F. Liu, C.G. Ding, Q.H. Ge, et
al,,(2010) Simultaneous
determination of  gestodene,

etonogestrel and ethinyl estradiol
in plasma by LC-MS/MS following

28


http://refhub.elsevier.com/S2095-1779(15)00019-2/sbref6
http://refhub.elsevier.com/S2095-1779(15)00019-2/sbref6
http://refhub.elsevier.com/S2095-1779(15)00019-2/sbref6
http://refhub.elsevier.com/S2095-1779(15)00019-2/sbref6
http://refhub.elsevier.com/S2095-1779(15)00019-2/sbref6
http://refhub.elsevier.com/S2095-1779(15)00019-2/sbref6
http://refhub.elsevier.com/S2095-1779(15)00019-2/sbref6

YOUNG RESEARCHER

Young Researcher

Peer Reviewed | International Open Access Journal
ISSN: 2277-7911 | Impact Factor - 5.958| Website: https://yra.ijaar.co.in/
Volume-14, Issue-3 | July - August - September 2025

derivatization, Yaoxue Xuebao 45

(1) 87-92.
21.7Z. Xiong, X. Sun, T. Huo, et
al,,(2010) Development  and

validation of UPLC-MS/MS method
for simultaneous determination of
gestodene and ethinyl estradiol in
Biomedical

160-168,

rat plasma,

Chromatography, 24,
1099-0801
Sneha G.

Simultaneous

22. Nair,et.al.(2018)
of
etonogestrel and ethinyl estradiol
in human plasma by UPLC-MS/MS

and

determination

its pharmacokinetic study,
Biomedical

,32(5), 0269-3879
H. Licea-Perez, S. Wang, C.L. Bowen,
et al.(2007), A semi-automated 96-

method the

Chromatography

23.

well plate for
simultaneous determination of oral

contraceptives concentrations in

human plasma using ultra
performance liquid
chromatography coupled with

tandem mass spectrometry, Journal
of Chromatography B, 852(1-2),69-
76.

24. Yahdiana Harahap, Devina , and
Harmita (2019) Determination of
Ethinyl Estradiol
Levonorgestrel in Human Plasma
with

and

Prednisone as Internal
Standard Using Ultra-performance
Liquid Chromatography-Tandem
Mass Journal

11(3):

Spectrometry,
pharmacy Bioallied Sci;
254-261.0975-7406

25. Gandhi A, Guttikar S, Trivedi P.

(2015) High-sensitivity

26.

27.

28.

29.

30.

31.

simultaneous liquid
chromatography-tandem

of
levonorgestrel in
of

Analysis,

mass

spectrometry assay ethinyl

estradiol and

human plasma, Journal
Pharmaceutical

5(5), 316-326. 2095-1779
GUIDELINE ON THE INVESTIGATION
OF BIOEQUIVALENCE, COMMITTEE
FOR MEDICINAL PRODUCTS FOR
HUMAN USE (CHMP)
CPMP/EWP/QWP/1401/98 Rev. 1/
Corr **Rev 20 January 2010

ICH guideline for good clinical
practice E6(R2) - Step 5,
EMA/CHMP/ICH/135/1995,
Effective date: 14 Jun 2017

M. Yadav, P.S Shrivastav,(2011)
Incurred sample reanalysis (ISR): a
decisive tool in bioanalytical
research, Bioanalysis, 3 (9) 1007-
1024,1757-6199.
Shein-Chung Chow,(2014)
Bioavailability and Bioequivalence
in Drug Wiley
Interdiscip Rev Comput Stat. 6(4):
304-312,1939-0068

Development,

Achiel Van Peer, (2009), Variability
and Impact on  Design of
Bioequivalence Studies, Basic &

Clinical Pharmacology & Toxicology,
106,146-153, 1742-7835.

Anita Nelson, (2010), New low-
dose, extended-cycle pills with
levonorgestrel and ethinyl

estradiol: an evolutionary step in
birth control, International Journal
of Women’s Health, 2, 99-106,

1179-1411.

29


https://www.sciencedirect.com/journal/journal-of-pharmaceutical-analysis/vol/5/issue/5
https://www.sciencedirect.com/journal/journal-of-pharmaceutical-analysis/vol/5/issue/5

