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Abstract

Levonorgestrel (LNG) used in contraceptive methods, necessitates accurate pharmacokinetic (PK)
profiling to ensure efficacy and safety. The objective of this study was to develop and validate a
highly sensitive LC-MS/MS method for quantification of LNG in human serum and its application in
a pharmacokinetic study. A 500 uL sample was processed using a liquid-liquid extraction (LLE)
protocol optimized for LNG recovery that yielded consistent analyte recovery while minimizing
matrix interferences. Chromatographic separation was performed on Waters ACQUITY UPLC BEH
Cis reverse-phase analytical column (2.1x 100 mm, 1.7 um) using mobile phase consisting of
acetonitrile and water with 0.1% formic acid (70:30, v/v), delivered under a gradient elution at 300
uL/min flow rate. These conditions provided sharp peak resolution and minimized run times. Mass
spectrometric analysis was run with Waters XEVO TQ ABSOLUTE triple quadrupole instrument
operating in positive electrospray ionization mode and monitored LNG using multiple reaction
monitoring with precursor ion at m/z 312.98>81.468, 90.921, 108.963 amu. Optimized fragmentation
parameters yielded high signal-to-noise ratios, enabling trace-level detection in biological matrices.
The method demonstrated linearity over calibration ranges of 32.5-2000 pg/mL, with correlation
coefficients (R?) exceeding 0.997. Precision and accuracy met bioanalytical method validation
guidelines, confirming the robustness of the assay for PKs. The validated method was successfully
employed to measure serum LNG in a PK study among women implanted in Bangladesh. The
method’s sensitivity facilitated LNG detection supporting assessment of drug-release performance
in clinical settings. The method proved highly reliable, sensitive, and specific for quantifying LNG in
human serum, supporting its use in both clinical monitoring and research applications.

Keywords: levonorgestrel; contraceptive subdermal implant; LC-MS/MS method; liquid-liquid
extraction; human serum; Bangladeshi women

1. Introduction

Levonorgestrel, a synthetic progestogen, is widely used in various birth control options as a
natural progesterone hormone, including emergency oral contraceptive pills (EOCPs), combined oral
contraceptives (COCs), injectables, silicone-based long-acting reversible contraceptive (LARC)
implants, and intrauterine device systems (IUDs) [1-4]. Among these formulations, LNG-releasing
contraceptive implants or implantable contraceptives consisting of small, non-biodegradable and
flexible two rods resembling a matchstick are inserted subdermally into the upper arm that provide
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a steady release of low-dose progestin, an effective hormonal treatment used to control menstrual
complaints and endometriosis [5]. LNG, a biologically active levorotatory enantiomer of norgestrel,
implants primarily work by stopping ovulation, the process of egg release from the ovaries, and by
thickening cervical mucus, causing sperm blockage from reaching the eggs in the ovaries [6]. These
devices can be safely placed during the immediate postpartum period, ensuring reliable
contraceptive protection. The benefits of these implants include long-term contraception with low
doses of highly effective hormones [7,8], less than 1% failure rate [9-13], less or no side effects with
quick restoration of fertility after removal [14], and being innocuous for breastfeeding women [15].

Worldwide, various types of LNG-releasing LARC subdermal implants have become
increasingly available for use, providing an effective safeguard against pregnancy for up to 3-5 years
in low- and middle-income countries, including Bangladesh [16-19]. Precise quantification of
circulating LNG concentration is very crucial for assessing the contraceptive effectiveness, metabolic
performance, and safety of the implants, especially in various population groups [20-22]. Several
analytical methods like UV-Vis spectrophotometry, reverse phase high-performance liquid
chromatography (RP-HPLC), mass spectrometry (MS) as well as liquid chromatography coupled
with tandem mass spectrometry (LC-MS/MS), have been established for quantification of LNG or a
combination of LNG and ethinylestradiol in various dosage forms. Out of them, LC-MS/MS has been
considered as a gold standard analytical technique due to high specificity, sensitivity, and
reproducibility, which allows the accurate measurement of low-concentration analytes in complex
biological matrices like human plasma or serum [23-29].

In 2020, Femiplant, a locally manufactured contraceptive implant similar to the widely used two
implants, namely Jadelle of Bayer Healthcare, Germany, for five years, and Levoplant/Sino-implant
(I) produced by Shanghai Dahua Pharmaceuticals Company Limited, China, for three years,
approved by the Directorate General of Drug Administration (DGDA), was introduced into the
national family planning program under the Government of Bangladesh for three years of
contraception [30,31].

Although women have been using Femiplant after its introduction, to date, no study on the
safety, effectiveness, and acceptability of this hormonal implant among the users has been conducted.
In this perspective, we had attempted to develop and validate a very reliable, sensitive, specific, as
well as rapid LC-MS/MS method to quantify LNG released from contraceptive implants in blood
serum among reproductive-aged women attending various family planning settings in Bangladesh.

2. Materials and Methods

2.1. Chemicals and Reagents

Reference standard LNG (MW: 312.45 and chemical structure shown in Figure 1) and blank
human serum were collected from Sigma-Aldrich, UK. Methanol, formic acid, acetonitrile, and water
of LC-MS/MS grade had been procured from Merck, Germany. All other reagents used were of LC-
MS/MS grade recommended for bioanalysis.

Figure 1. Chemical structure of LNG.

2.2. LC-MS/MS Instrumentation

The analysis has been performed utilizing a Waters™ Xevo™ TQ Absolute triple quad mass
spectrometry system operating in electrospray ionization with positive ion mode (ESI+) and multiple
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reaction monitoring (MRM) coupled with an Acquity H class plus UPLC. Chromatographic
separation of LNG was accomplished with an Acquity UPLC™ BEH Cis reverse phase column of 2.1
x 100 mm, 1.7 um, where the mobile phase consisting of acetonitrile: water with 0.1% formic acid
(70:30, v/v) was delivered as a gradient at a 300 puL/min rate of flow with a column temperature of 40
°C and 10 °C (autosampler). Compound-dependent parameters, such as collision energy, cone
voltage, MRM transitions, and instrumental parameters, like capillary voltage, source temperature,
desolvation temperature, and gas flow etc., were optimized. MassLynx V4.2 was used as software for
data handling of calibration and integration.

2.3. Calibration Standard and Quality Control Solution Preparation

Stock and working solutions for LNG were made in methanol at a concentration of 1 mg/mL.
LNG calibration standard solutions and quality control solutions (QCs) were made through serial
dilution of the stock solution with methanol to yield calibration standards ranging from 32.5-2000
pg/mL in blank human serum. QC solutions were prepared independently at three levels: LLOQ
(lower limit of quantification), MQC (medium quality control), and HQC (high quality control),
equivalent to concentrations of 32.5, 500, and 2000 pg/mL, respectively. Then, all stock solutions were
warehoused at 4 °C. In addition, quality control and all other working calibration standard solutions
in serum were preserved at -20 °C.

2.4. Sample Preparation

A widely used liquid-liquid extraction (LLE) approach was used for sample preparation in
steroid hormone quantification. The gradual steps were followed for the preparation of the sample
including, 500 uL of human serum placed in a glass tube of 10 mL and 2 mL of 70:30, v/v hexane-
ethyl acetate added for extraction and allowed to vortex for 60 seconds for mixing, then centrifuged
at 12,000 rpm for 5 minutes for separation, transferred 1 mL of the supernatant into a clean test tube
of 10 mL for supernatant collection, vaporized under vacuum at 50 °C for drying, reconstituted the
residue in 100 puL methanol-water (70:30, v/v) with 0.1% formic acid and vortexed for 60 seconds for
further mixing, transferred the mixture to the autosampler vials, and finally 10 pL of supernatant
injected into the system (LC-MS/MS) for analysis.

2.5. Chromatographic Conditions

Chromatographic separation: ACQUITY UPLC BEH Cis column (2.1 x 100 mm, 1.7 pm), mobile
phase: Acetonitrile: water with 0.1% formic acid (70:30, v/v), temperature: 40 °C (column) and 10 °C
(autosampler), flow rate: 300 uL/minute, and run time: 3.0 minutes.

2.6. Mass Spectrometry Parameters

Mode: Positive ion mode (ESI+), multiple reaction monitoring (MRM), Gases: Nitrogen, Source
temperature: 150 °C, Desolvation temperature: 500 °C, Desolvation gas flow: 800 L/hr, Capillary
voltage: 3.4 kV, and Cone voltage: 72 V.
2.7. Collision-Induced Dissociation (CID)

Collision gas: Argon (cell pressure 1.2 mTorr), Collision energy: 40 V (for LNG), Transitions
monitored: m/z 312.9 — 81.4, 90.9, 108.9 (LNG), and Scan time: 0.1 second per analyte.
2.8. Method Validation

As per the International Council for Harmonization (ICH) M10 guidelines on bioanalytical
method, the assay method has been validated, and the validation parameters included selectivity,
accuracy, precision, recovery, calibration curve range, and reproducibility [31,32].

2.8.1. Selectivity and Specificity
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Six different blank human serum lots were analyzed to confirm whether the interfering peaks
were present or not at the specific retention time for LNG. The peak area response of interference (%)
remained acceptable if <20% of the average LLOQ (32.5 pg/mL) area response (n=6).

2.8.2. Calibration Curve and Linearity

Calibration plots were constructed by using the peak area of LNG against various
concentrations. A linear regression model with a weighting factor of 1/x? was utilized. The method
proved linearity over the concentration ranges of 32.5-2000 pg/mL, with a correlation coefficient (R?)
consistently > 0.997, following FDA/EMA bioanalytical validation guidance.

2.8.3. Accuracy and Precision

Accuracy and precision were assessed at intra- and inter-day by analyzing quality control (QC)
solutions at three levels of concentration, each performed in five replicates. Accuracy was expressed
as relative error (RE%), while precision was stated as the coefficient of variation (%CV). The method
met the acceptance criteria, with accuracy and precision values within #15% for all QC levels and
within +20% at the lower limit of quantification (LLOQ), as recommended by FDA and EMA
bioanalytical method validation guidelines.

2.9. Recovery and Matrix Effect

Recovery was evaluated by comparing the peak areas of extracted QCs to post-extracted spiked
samples at equivalent concentrations. By comparing analyte responses in post-extracted spiked
samples to those in neat solutions, matrix effect (ME) was assessed. Both recovery and ME were
determined at low, medium, and high QCs in six different serum lots.

2.10. Stability Study

Stability of LNG in serum was evaluated under various conditions, including at room
temperature for four hours, after freeze-thaw cycles, in extracted samples for twelve hours at room
temperature, and during long-term storage (-0 °C for 79 days). Samples were considered stable if
measured concentrations remained within #15% of nominal values.

2.11. Clinical Application of the Validated Method

The described validated method by LC-MS/MS herein was used to calculate LNG concentrations
in human blood (5 mL) collected in a clot activator tube from 8 AM to 1 PM. The serum was
immediately separated from blood by centrifuging at 10,000 rpm for 10 minutes at 4 °C, which was
then stowed at -20 °C for analysis, consistent with established bioanalytical stability protocols. The
pharmacokinetic parameters (Cmax, Tmax, and AUC) were derived using non-compartmental analysis.
Inter-individual variability and preliminary population-specific trends were assessed.

3. Results

Chromatographic conditions have been optimized utilizing various mobile phase compositions.
In addition, all the conditions were confirmed during the early stage, and the positive mode of
ionization presented a higher degree of sensitivity. During development, an atmospheric pressure
chemical ionization source vs ESI was evaluated, and ESI provided the greater signal-to-noise ratio.
The monitored m/z values for parent and product ions are shown in Table 1 and Figure 2 and 3.

Table 1. m/z values for parent ion and product ion for LNG.

Sample Parent ion Product Cone voltage Collision
P (m/z) ion (m/z) (V) Energy (V)
LNG 312.985 81.468 72 40
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Figure 3. MS/MS scan of the product ion of LNG.

3.1. Linearity and Calibration Curve

Calibration standards were analyzed by back calculating the LNG concentration for a linear
regression model with a weighting factor of 1/x?, which was then compared to the value of each
calibration standard, and % CV and % of deviation from the concentration values quantified for
evaluating precision and accuracy, respectively. The linearity of the method was confirmed over the
concentration range of 32.5 to 2000 pg/mL, with a correlation coefficient (R?) of all calibration standard
curves getting R2 > 0.997 (Figure 4).
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Figure 4. LNG standard calibration curve.

3.2. Selectivity and Specificity

The LC-MS/MS method demonstrated excellent selectivity, with no significant endogenous
interference observed at the minimum LNG retention time after screening six different blank serum
lots, with less than 20% of the signal response at the LLOQ for LNG for five of the six samples. A
blank sample chromatogram and a typical chromatogram obtained during the analysis of the LLOQ
calibrator (32.5 pg/mL) are shown in Figure 5 and 6.

LNG_B_ _R9
LNG_B_18082034_RO MRM of 3 Channals ES=
oys TIC (Levonorgestra)|

e 1 04es|

Figure 5. Chromatogram of blank serum.

NG_21 21082075 12
[one 21 21002025 Rz

Figure 6. Chromatograms of standard LNG at 62.5 pg/mL (Left)) and 250 pg/mL (Right).

3.3. Accuracy and Precision

Precision and accuracy on intra- and inter-day analysis were done by analyzing QC samples at
three concentrations, and five replicates each were run on three different validation days for all QC

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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solutions. Accuracy was expressed as relative error (RE%), and precision as coefficient of variation
(%CV), which were within acceptance limits +15% for QC samples and +20% at the LLOQs,
respectively.

3.4. Recovery and Matrix Effect

By comparing spiked serum samples, the recovery was determined at equivalent concentrations
before and after liquid extraction, representing full LNG recovery. Absolute and relative matrix effect
(ME) was compared and assessed the final effect for LNG spectral response, and found no significant
variation in LNG peak.

3.5. Stability Study

Stability of LNG in serum samples was measured and obtained the results under various
conditions, including, short-term (room temperature, 4 hours): recovery within 95-105%, long-term
(=80 °C for 60 days): no significant degradation and three freeze-thaw cycles: no impact on accuracy
or precision and post-preparative (autosampler stability, 24 hours at 4 °C): stable with minimal
variance.

3.6. Clinical Application of the Validated Method

The validated LC-MS/MS method was utilized to calculate LNG concentrations in serum
samples collected at various time intervals of 1-, 6-, 12-, 24-, and 36-month post-insertion from the
women who had already been implanted with a median implant duration of 24 months. No
significant adverse effects or hepatic/renal abnormalities were reported. The mean women’s age was
28.33 + 4.5 years (95% CI: 27.50-29.16). Pharmacokinetic parameters such as Cmax, Tmax, and AUC have
been derived using non-compartmental analysis and described in another report. Inter-individual
variability and preliminary population-specific trends were assessed. The serum LNG concentrations
in the study participants ranged from 457.39 to 564.63, with a mean concentration of 513.30+32.55
pg/mL after 6 months, 289.55 to 397.07, with a mean concentration of 341.88+31.53 pg/mL after 12
months, 225.91 to 274.91, with a mean concentration of 243.02+15.61 pg/mL after 24 months and 146.48
to 262.43, with a mean concentration of 205.34+24.03 pg/mL after 36 months of implant insertion
shown in Figure 7.

o /V‘\«ﬂ SPRVECN W f

Figure 7. Chromatograms of a sample from a study participant with LNG concentration at 562.07 pg/mL (Left)
and 230.98 pg/mL (Right).

4. Discussion

The current study report describes the successful development and validation of a robust and
sensitive LC-MS/MS method for the quantification of LNG in human blood serum. Method
optimization included systematic evaluation of chromatographic conditions, mobile phase
compositions, and ionization sources. Among ionization techniques, electrospray ionization (ESI)
demonstrated a superior signal-to-noise ratio compared to atmospheric pressure chemical ionization

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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(APCI), which is consistent with prior reports highlighting ESI as the preferred ionization mode for
steroidal hormones and low-molecular-weight compounds due to its higher ionization efficiency and
improved sensitivity [33,34]. The positive ionization mode enabled the detection of characteristic
LNG transitions, with well-defined parent and productions (m/z 312.9 — 81.4,90.9, 108.9), facilitating
precise and reliable quantification.

The method confirmed outstanding linearity where calibration curves showed excellent linearity
across a broad dynamic concentration range (32.5-2000) pg/mL, with R? > 0.99. This vibrant range is
predominantly appropriate for pharmacokinetic studies of subdermal implants. Hence, circulating
LNG levels persist within the low picogram to nanogram level per milliliter range. In addition, the
use of a 1/x? weighting factor enhanced accuracy at lower levels of concentration, reducing bias at the
LLOQ, a collective challenge in bioanalytical analysis for steroidal contraceptives [35,36]. At the
retention time, there was no substantial endogenous interference, which confirms good selectivity
and specificity, emphasizing the robustness of the method when used in diverse biological matrices.
Interference levels of less than 20% of the LLOQ in blank serum lots met the international
bioanalytical method validation guidelines, supporting assurance in the reliability of the assay
[37,38]. The characteristic chromatograms for blank and LLOQ calibrator samples emphasized the
capability of the assay to differentiate LNG from complex matrices, confirming precise detection of
LNG at trace levels.

The accuracy and precision were within the acceptance criteria of +15% for all QC samples and
+20% at the LLOQ for the method. Both intra- and inter-day reproducibility established the assay’s
consistency, which is very critical for longitudinal pharmacokinetic assessments where frequent
dimensions are needed over prolonged timeframes. Recovery rates similar to almost 100% and
insignificant matrix effects show that the liquid-liquid extraction technique used was both effective
and selective, which diminishes apprehensions about ion suppression or increment that can reconcile
measurable presentation in LC-MS/MS analysis [39].

Stability studies ensured the stability of LNG through a diversity of clinically related
circumstances such as short-term handling, long-term frozen storage, freeze-thaw cycles, and
autosampler storage. The values of 95-105% for the recovery under these situations align with well-
known standards, approving the suitability of the technique for routine analysis in clinical research
where the collection, storage, and analysis of the sample cannot always be instant [40].

The validated assay has been successfully utilized in a clinical application or setting where it
was used to quantify LNG concentrations in human serum obtained at 1, 6, 12, 24, and 36 months
post-implant insertion. The pharmacokinetic parameters (Cmax, Tmax, and AUC) were determined
using the measured concentrations, which are important for illustrating drug release and systemic
exposure in Bangladeshi women already using contraceptive implants. Significantly, the method
confirmed the sensitivity necessary to capture inter-personal inconsistency and primary population-
specific pharmacokinetic inclinations. Such types of findings are important for understanding both
the efficacy and variability in LNG release profiles, particularly in populations where demographic,
reproductive, and metabolic factors may differ from the cohorts in which these implants were
originally developed and tested [41,42].

Overall, the LC-MS/MS method validated herein meets the international regulatory standards
for bioanalytical techniques and delivers a dependable stage for LNG pharmacokinetics and
experimental investigations. The precision, accuracy, and robustness of the method make it an
important tool for further study evaluating the performance of subdermal implants, therapeutic
monitoring, and potential inter-subject variability in PK studies. Additionally, this method
contributes to the wider arena of reproductive health studies by allowing exact monitoring of the
concentration of serum LNG levels, thereby assisting evidence-based assessments of contraceptive
options in various clinical settings.

5. Conclusions
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The above-discussed LC-MS/MS validated method proved highly reliable, sensitive, and
specific for quantifying LNG in human serum, supporting its use in both clinical monitoring and
research applications. LNG serum concentrations herein demonstrated the expected decline with
implant duration but remained within an effective contraceptive range throughout the intended
duration of use. Together, these findings reinforce the efficacy, safety, and analytical reliability of
LNG contraceptive implants as a cornerstone of long-acting contraception, particularly within the
national family planning program in Bangladesh.
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