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Abstract

Background: To develop a simple and accurate method for the determination of Darunavir in human plasma by liquid-liquid
extraction method with Verapamil as an internal standard using UPLC-MS/MS. Methods: The separation was achieved on
Agilent, Zorbax XDB Cis (2.1 x 50 mm ID, 5 um) column. The samples were chromatographed using the mobile phase
consisting of acetonitrile and 2mM ammonium formate with 0.1% formic acid in water (70:30 v/v) at a flow rate of 0.12
ml/min in a mass spectrometer ESI chamber. The Darunavir and Verapamil were eluted at 1.35 and 1.13 min respectively
with a total run time of 3 min. Results: A linear response was established at 10- 2,000 ng/ml with a correlation coefficient of
0.9919. The % accuracy was found to be 98% and 102.40%. A rapid method was developed for the determination of Darunavir
in human plasma. The method was strictly validated according to the ICH guidelines.
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INTRODUCTION:
Darunavir is a protease inhibitor antiretroviral drug that has been used in treating the human immunodeficiency
virus (HIV) in victims with a history of previous antiretroviral therapies.(1) It has been a second-generation
protease inhibitor used with other drugs in the effective management of HIV infections. The chemical
Nomenclature of Darunavir is written as [(1R,5S,6R)-2,8-dioxabicyclo [3.0.0]Joct-6- yl]N-[2S,3R)-4-[(4-
aminophenyl) sulphonyl-(2-methyl propyl)amino]-3-hydroxy-1-phenyl-butane- 2yl]carbamate  and
molecular formula C27H37N307S.(2)and molecular weight of 547.66g/mol. The point atwhich the
drug melts is 74°C. It is an amorphous solid and white that dissolves easily inmethanol, acetonitrile, and
ethanol.(3) Darunavir is made up of a part called bis- tetrahydro-furanyl (bis-THF) and an isostere called
sulfonamide. This drug is administered in its ethanolate salt.(4) The chemical structure was shown in (Figure 1)

Figure 1: Chemical Structure of Darunavir

In the literature, no bioanalytical methods were reported for the determination of Darunavir in human plasma.
Therefore, it was thought desirable to develop a simple and accurate method using verapamil as the internal standard.
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MATERIALS AND METHODS:

Chemical Resources

Darunavir and Verapamil were procured from Fisher chemicals in Mumbai, India. HPLC-grade acetonitrile and
formic acid were purchased from Merck Mumbai, India. Human plasma (K2EDTA) was procured from the Doctors'
pathological laboratory in Hyderabad. Allexperiments were conducted with Milli: Q system ultrapure water
(Millipore, Bedford, MA, USA).Aother chemicals and reagents were of analytical quality.

Instrument Resources

The processing and data collection were carried out by using a Waters Acquity - UPLC system, aWater Quattro
- premier XE model mass spectrophotometer that was equipped with electrosprayionization interface (ESI) for
the analysis, and Mass Lynx (4.1 SCN 805) software that helped in acquiring the data and results accurately.

Chromatographic conditions

The chromatographic separations were performed on Agilent, Zorbax, and XDB Cig analytical columns with
dimensions (2.1x50mm ID, 5um) maintained at 30° C. The mobile phase consisted of acetonitrile and 2mM
Ammonium formate with 0.1% formic acid in water (70:30 v/v) and was delivered at a flow rate of 0.120 ml/min.
The two drugs: Darunavir and Verapamil were eluted at 1.35 min and 1.13 min respectively for a complete run
span of 3.0 minutes per sample.

Mass Spectrometry operating conditions

Quantitation was achieved by Water Quattro - premier XE model mass spectrophotometer that was equipped with
electrosprayionization interface (ESI) for the analysis, and Mass Lynx (4.1 SCN 805). The mass parameters such
as the temperature of the source, internal standard, heatinggas, nebulization gas, curtain gas and collision gas, and
every gas channel were dismissed with ultra-pure nitrogen gas. Detection of ions was performed in the multiple
reaction monitoring (MRM) mode, which was used to monitor Darunavir and Verapamil with the mass transition of m/z
548.50 ®392.10 and 455.40 ® 165.00 respectively. The mass fragmentations for the parent and product ions were
shown in Figure 2 and Figure 3 respectively.
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Figure 2: Full Scan Positive ion mass Spectra of Darunavir
Figure 3: Full Scan Positive ion mass Spectra of IS Verapamil

ERAPAMIL_MS2 39 (0.458) Cm (39:84) Daughters of 4552.
100 16504 1.9

303.31

149 96

260.20
45538

ol d o .

a
50 75 100 125 150 175 200 225 250 275 300 325 350 375 400 425 450 475 500 525 550.

Preparation of Standard Calibration and Quality control solutions

Calibration solutions Darunavir and Verapamil were weighed accurately using an analytical microbalance. The
stock solutions of Darunavir and Verapamil (1000 pg/ml) were prepared in acetonitrile. The stock solutions were
stored at 2-8°C for Darunavir, Verapamil and intermediate spike solutions. Calibration standards samples
(10- 2000 ng/ml), and quality control samples consisting of the lower limit, low, middle and high-quality
control limits [11, 25, 800 and 1200 ng/ml] were prepared and all the samples were stored at -30° C.

Sample extraction

Darunavir was discretely withdrawn from the plasma samples by applying the liquid-liquid extraction method
after which the samples of plasma blank and quality control samples from the freezer storage were taken and
thawed at room temperature. The samples were later subjected to a vortex (a whirling mass of air) to ensure the
contents were mixed well. Then 20 pul of water with 50% methanol was added to a ria vial and labelled as "blank”
after which a 20 pl of (ISTD mixed with about 2g of Verapamil) were added to the ria vials that were already
labelled (except for the blank vial). Then 100uL of sample from the specified samples was transferred to the vials
and mixed well. To this mixture, 0.250mL of acetonitrile was added and vortexed for 2 minutes, followed by
centrifugation at 4000 rpm for 5 minutes at 20° C. Then, 150 ul of the supernatant liquid was collectedand
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transferred into auto-injector vials and 10 pl was infused into the LC-MS-MS system for analysis.

Method Validation

This method had been tested across a wide range of concentrations from 10 to 2000ng/ml. In addition to this, the
validation process involved the evaluation of the parameters like selectivity, specificity, LLOQ, linearity,
accuracy, precision, matrix effect, recovery and stability (stock solution stability, short-term, benchtop and auto
sampler).

Selectivity and Specificity

After examining ten blank plasma samples, six lots devoid of interference were chosen to evaluatethe assay's
selectivity and specificity. For a blank sample to pass, the area of any endogenous or potentially interfering peaks
must be below 20% of the LLOQ peak area for Darunavir detainment time along with lower than 5 percent
Verapamil detainment time.

Linearity
Then the calibration standards with linearity ranges of 10, 20, 50, 100, 500, 1000, 1600, and 2000ng/ ml were
prepared and analyzed in five sections through five days. The ranges for the linearitystandards were found to be
as follows: 10, 20, 50, 100, 500, 1000, and 1600 and 2000ng/ml

Precision and Accuracy

Assingle batch of each of the calibration standards and the quality control standards were formulatedin the analyzed
plasma and examined in six clones on the same day (Intra-day) and on five consecutive days with four differed
concentrations of Low QC(11.00ng/ml), Low QC(25.00ng/ml), Mid QC (800.00ng/ml) and High QC
(1200.00ng/ml).

Matrix Effect

Low QC (11.00ng/ml) was spiked into six withdrawn plasma samples and correlated with basic standards of the
same quantity in three consecutive tests.

Recovery

To calculate the extraction recovery, six repetitions were run, each comparing the extracted and raw QC standards
in three concentrations - A low concentration of 11,000ng/ml, a Medium concentration of 800,000ng/ml and a
High concentration of (200,000ng/ml).

Stability Studies

Stability (Room Temperature Stability, 24 hours) Stability samples (Benchtop Stability Samples)had been
preserved at room temperature for a day. These were contrasted to fresh samples of highand low concentrations
(Comparative samples).

Stock Solution Stability

The standard stock solutions of the drugs Darunavir and Verapamil (Stock stability samples) wereaccommodated
on a bench for up to 9.5 hours and compared with freshly made stock solutions toinitiate the determination of the
stability of stock solutions at room temperature (These are Comparison samples).

Long-term stability (86°F, 64 days)
Freshly generated low and high concentrations were correlated to low and high concentrations thatwere stored for
64 days at 86°F (or -30 degrees Celsius) (LT stability samples) (comparison samples).

RESULTS AND DISCUSSION
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Method Development

Mass Spectrometry

Full-scan mass spectra of Darunavir and IS were obtained in MRM positive ion mode with the introduction of
standard solutions directly into the ESI source. The product ion mass spectra of Darunavir and IS Verapamil were
shown in Figures 2 and 3. The mass fragmentation for the parent and product ions showed a better response over
the other transitions, hence it was used for the quantitative purpose.(5)

Liquid Chromatography

The optimized chromatographic conditions, especially the composition of the mobile phase were selected through
several trials to reach good resolution and a symmetric peak of Darunavir and Verapamil, as well as a short run
time. The mobile phase comprising acetonitrile and 2Mm ammonium formate with 0.1% formic acid in water
(70:30 v/v) using Zorbaz Cyg column (2.1 x 50mm 5 pm) at a flow rate of 0.12ml/min produced sharp peaks and
a short run time of 3 minutes. The liquid extraction techniques help to separate the analytes from the plasma
matrix. As a result, both drugs had favorable peak profiles.(6,7)

Method Validation

Selectivity, Specificity and Lower Limit of Quantification (LLOQ)

Representative chromatograms of blank plasma and LLOQ samples exhibited no significant interference in the
retention times of Darunavir and Verapamil IS. The lowest limit of reliable quantification was set at 10.0ng/ml.(8)
A typical chromatogram was shown in Figure.4.
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Figure 4: Chromatogram of LLOQ sample (Darunavir with Verapamil).
Linearity

A regression equation with a weighting factor of 1/ (concentration ratio)2 of analyte and IS concentration was
judged to produce the best fit for the concentration detector response relationship for Darunavir in human plasma.
The correlation coefficient r? of the calibration curves was>0.991 in the concentration range of 10 to 2,000ng/ml
and was persistently well-aimed and errorless. The standard curve was linear in the calibration range. The
observed mean back-calculated concentration with an accuracy of 98 and 102.4 % and precision of less than
15%.(9) The linear graph was shown in Figure.5 and the results are tabulated in Table 1.
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Figure 5: Linearity Graph of Darunavir

Table 1 — Calibration curve features of Darunavir

RPN S PSR SR Vs Ve S g e R S SRS e S SR GERRAGIE S Cone

The spiked concentration of | Concentration measured % CV (n=6) % Accuracy
Plasma (ng/ml) (ng/ml) (MeanzS.D)

10.00 10.07+0.08 0.78 102.35

20.00 20.49+0.44 2.14 102.40

50.00 49.25+1.58 3.22 98.33

100.00 100.66+1.44 1.43 100.66

500.00 498+3.6 0.72 99.67

1000.00 997.81+4.10 0.41 99.77

1600.00 1601.47+6.77 0.42 100.09

2000.00 2001+6.48 0.32 100.06

Matrix Effect

No Significant matrix effect was observed in six batches of plasma for Darunavir at low and High QC concentrations.

The %CV was found to be 1.71%.

Precision and Accuracy

The intra and inter-batch % accuracy range in the case of darunavir was determined to be 99.79% to 100.24% and
99.74% to 100.61% respectively. The intra and inter-batch %CV ranges from 0.5% to 3.5% and 0.9% to 3.3%
respectively. The outcome observations are recordedin Tables 2 and 3.

Table 2 — Precision and Accuracy (Intraday samples at three different concentrations)

The spiked concentration of | Concentration measured % CV (n=6) % Accuracy
Plasma (ng/ml) (n=6ng/ml, MeanxS.D)

25 25.07+0.9 35 100.02

800 798.3+4.66 0.5 99.79
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1200 | 1203+12.01 0.9 | 100.24

Table 3: Precision and accuracy (Interday samples at three different concentrations)

The spiked concentration of | Concentration measured

% CV (n=6) % Accuracy
Plasma (ng/ml) (n=6ng/ml, MeanzS.D)
25 25.07+0.84 3.3 100.25
800 804+10.48 13 100.61
1200 1196+10.80 0.9 99.74
Recovery

The recovery comparison samples of Darunavir were compared against extracted samples of LQC, MQC and HQC of
precision and accuracy batch. The overall mean % recovery was found to be 98.12%, 99.76%, and 100.6%, respectively.
Darunavir had a mean percent recovery of 99.12% and a percent CV of 2.12% across all QC levels. The mean recovery
and coefficient of variation for Verapamil i.e., the internal standards are 99% and 3% respectively. The recovery of
Darunavir and IS was good and reliable, accurate and reproducible. Consequently, the method has proved to be robust
for high-throughput bioanalysis.(10)

Stability studies

In stability Studies for short-term stability determination, stored plasma aliquots were thawed and kept at room
temperature for a time exceeding that expected to be encountered during routine sample preparation (around 24 h).
Samples were extracted and analyzed as described above and the results indicated reliable stability behavior under the
experimental conditions of the regular analytical procedure. The stability of quality control samples kept in the auto
sampler for 28 h was also assessed. The results indicated that solutions of the analytes and the IS can remain in the auto
sampler for at least 28 h without showing a significant loss in the quantified values, indicating that samples should be
processed within this period. Refrigerated stock solution stability of Darunavir and IS was carried out by injecting six
replicates of stock dilutions. The stability data of the analytes in plasma over these cycles indicate that the analytes are
stable in human plasma when stored at below -50 C and thawed to room temperature(11-13) and are represented in
Table 4.

Table 4 — Stability studies of Darunavir

Benchtop Stability Stock solution stability Long term stability
24hrs 9.5hrs 64 days
Spiked Plasma Concentration %CV | Concentration %CV | Concentration %CV
concentration measured(n=6ng/ml, (n=6) measured(n=6ng/ml, |(n=6) | measured(n=6ng/ml, | (n=6)
(ng/ml) MeanzS.D) Mean+S.D) MeanzS.D)
25 24.89 +0.98 3.2 25.78+1.48 1.2 25.98 +0.56 3.58
1200 1203+0.77 158 | 1195.95+13.02 A.05 | 1298.23+0.25 6.32

CONCLUSION:

A simple, specific and accurate analytical method for the determination of Darunavir and IS was developed and
validated. The plasma concentrations extending from 10 to 2,000 ng/ml were used for testing and validating the
procedure presented in this article. The precision (percent CV) was less than 15% within and between the batches, and
the accuracy was 99.64 % - 100.614 %. The technique used in this research study is not only simple and fast, but it is
also accurate, precise, selective and dependable. Consequently, the method's ease of use and fast liquid extraction time

w
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of fewer than three minutes per sample should improve highly throughout Darunavir bio analytics.
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