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A specific liquid chromatography-mass spectrometry/mass spectrometry spectrometric procedure for the quantitation
of amprenavir drug in biological matrices was developed and validated. Chromatographic isolation was accomplished
through a Zorbax C18 analytical stationary phase having the dimensions of 50 mm x 4.6 mm and particle size of
5.0 pum. Isocratic separation was processed with acetonitrile 0.1%v/v HCOOH in water and methyl alcohol in the
proportion of 60:10:30 as a moveable system with a flow rate of 0.60 mL/min. Liquid-liquid extraction was carried
out for drug and internal standard isolation with an ethyl acetate solvent. Parent and product ionic components were
examined at m/z 506.2 — 89.1 for amprenavir and 367.1 — 350.1 for rilpivirine internal standard on the MRM
(multiple reaction monitoring) mode. The linearity plot of analyte was rectilinear in the concentration over 0.15-1500
ng/mL with the correlation coefficient value of 7> being >0.990. %relative standard deviation findings were <4.21% for
intraday and interday accuracy and precision. The technique has good recoveries, and %recovery findings of LQC (low
quality control), MQC(median quality control), and HQC (high quality control) solutions were 92.9%, 95.1%, and
96.4%, respectively. Amprenavir has more stability for longer time when subjected to different stability environments
and the procedure was efficiently relevant to the regular investigation of amprenavir analyte in the biological matrix.

INTRODUCTION

Amprenavir is chemically represented as (3S)-oxolan-3yl-
N[(2S, 3R)-3- hydroxy-4-[N-(2-methyl propyl) (4-amino benzene)
sulfonamido]-1-phenylbutan- 2-yl]carbamate having molecular
weight and formula of 505.628 g/mol and C,.H, N, O,S, respectively
(Fig. 1) (Sadler et al., 1999; Wittayanarakul et al., 2008). The human
immunodeficiency virus (HIV) and its clinical syndrome AIDS
continue to be main health issues around the universe. The extremely
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improved and effective chemotherapy (antiretroviral) for AIDS is
mostly used in curbing the disease during the pandemic (Dandache
et al., 2007; Zhou et al., 2009). This drug inhibits the proteases with
the action against the HIV-I. The compounds which act against the
proteases inhibit a part (protease) of HIV. HIV-I protease is a kind of
enzyme which requires a cleavage of viral polyprotein (proteolytics)
precursors into the individual proteins (functional) found in contagious
HIV-1. The drug binds to the main site of protease and prevents
enzyme action. This action prevents the cleaving of viral polyprotein
components, resulting in development of juvenile noninfectious
viral element components. Protease inhibitor components are nearly
always useful in combination with other two anti-HIV compounds
(Brophy et al., 2000; Granfors et al., 2006).

The literature on amprenavir unveiled that there are few
analytical procedures available for the estimation of drug in API
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and dosage forms on liquid chromatography-mass spectrometry/
mass spectrometry (LC-MS/MS) with more retention times. Few
reported methods were on spectroscopy (Padmini et al., 2017),
liquid chromatography (Rajitha et al., 2014), and LC-MS/MS
(Jingduan et al., 2002; Samson et al., 2015). The development
of specific technique like LC-MS/MS is greatly needed for the
quantification of amprenavir in biological matrix samples. Thereby,
the method is applicable for the analysis of different types of bio-
samples having amprenavir and can perform the bioavailability,
bioequivalence, and forensic studies.

MATERIALS AND METHODS

Chemicals and reagents

Amprenavir (99.89% pure) was acquired from MSN
Labs, Hyderabad, India. Rilpivirine internal standard of 99.91%
was received from Hetero Labs, Hyderabad, India. Acetonitrile
(ACN) and methanol of LC grade and HCOOH of analytical grade
were procured from JT Bakers, Ahmedabad, India.

Liquid chromatographic MS/MS system

An LC-MS/MS SCIEX API4000 instrument, furnished
with a positive electrospray ionization source and HPLC of
Shimadzu, consisted of an SIL-HTC autosampler, dual pump, and
column oven, which were utilized in the present work. Analyte
quantitation, acquisition of data, and its integration were processed
by utilizing Analyst Software version 1.6.3.

Chromatographic conditions

Chromatographic isolation was accomplished through
a Zorbax C18 analytical stationary phase having the dimensions
of 50 X 4.6 mm and particle size of 5.0 um. Isocratic separation
was processed with ACN 0.1%v/v HCOOH in water and
methyl alcohol in the proportion of 60:10:30 as a moveable
system with a flow rate of 0.60 ml/minute. Volume of the
injection was 5.0 pl. Amprenavir and rilpivirine (IS) were
isolated with a total runtime of 6 minutes. The temperature of
the autosampler and stationary phase were supervised at 5°C
and 30°C, correspondingly.

MS/MS system conditions

The mass system functioned via the MRM mode
with a positive ion approach for both amprenavir and IS. The
adjusted mass system parameters for amprenavir and IS were
as follows: both drying gas and sheath gas temperatures were
300°C; nebulizer pressure was monitored at 22.0 psi; sheath
gas and drying gas flow rates were 10 L/min and 5L/min,
respectively; capillary voltage was set at 3 kV; Collision energy
and fragmentor voltage were 15 eV and 110 V for amprenavir
and 15 eV and 115 V for IS; parent-to-product ion conversions
examined were m/z 506.2 — 89.1 for amprenavir and 367.1 —
350.1 for rilpivirine; and for every transition, the dwell timing
was set to 200 ms.

Calibration curve standard solutions

Exactly 1000 pg/ml stock solution of amprenavir was
executed freshly by dissolving 10 mg of analyte in 10 ml of 70.0%
ACN. The calibration standard concentrations of eight dissimilar
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Figure 1. Amprenavir chemical structure.

levels were prepared by method of spiking to plasma blank with
amprenavir standard to acquire 0.15, 30.0, 125.0, 275.0, 500.0,
800.0, 1,150.0, and 1,500.0 ng/ml concentrations.

Quality control standard solutions

The standards were prepared at three dissimilar
concentrations of HQC, MQC, and LQC standards. These quality
control (QC) levels were prepared as per the calibration standard
solutions to acquire 1125.0, 750.0, and 0.42 ng/ml concentrations
for HQC, MQC, and LQC, correspondingly. The processed
samples were stored at —20.0°C up to the analysis time.

Sample processing technique

Analyte solution was processed by relocating 250.0 ul
of plasma and 50 pl of rilpivirine (1 pg/ml) into a propylene tubes
and vortexed for 2 minutes. Amprenavir and IS were separated
with 5.0 ml ethyl acetate solvent and processed for centrifugation
at 3,500 rpm for 30 minutes. Furthermore, the organic portion was
isolated and subjected to drying in a lyophiliser. The residue was
dissolved in 250 pl of moveable solvent and then translocated into
pre-labeled tubes.

Method validation
The developed process was subjected to validation and
the parameters were selectivity, specificity, matrix effect, stability,

linearity, precision, accuracy, and recovery (EMA, 2011; ICH,
2005; USFDA, 2001).

RESULTS AND DISCUSSION

Mass spectrometry instrument parameters

The product ion mass scale of amprenavir and relpivirine
obtained at m/z 89.1 and 350.1 were opted as detecting ions.
Meanwhile, the mass scale parameters collision and curtain gas,
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ionspray voltage temperature, capillary voltage, nebulizer, and
heater gas were improved to attain maximum mass spectrum
response.

Internal standard selection

In the present work, rilpivirine was chosen as an internal
standard because of its parallel chromatographic performance,
extraction efficiency, ionization, and retention activities as the
amprenavir; there was no noticeable interference during retention
timings of analyte and rilpivirine in accordance with findings of
method validation (Chambers et al., 2014; Henion et al., 1998).

Method validation

Specificity

Plasma blanks gained from six dissimilar lots of
plasma samples were spiked with analyte drug at lower limit of
quantification (LLOQQC) and relpivirine to evaluate specificity.
In the second figure (Fig. 2), the retention times of amprenavir
and relpivirine were 1.2 and 2.3 minutes, correspondingly. No
interferences were observed for matrix substances at the retention
times of the drug and internal standard.

Calibration curve and sensitivity

The calibration curve was plotted for amprenavir and
excellent results (Table 1) were shown in calibration limits of
0.15-1,500.0 ng/ml. Rectilinear graph was formed by the peak
response fractions (y) of amprenavir to internal standard versus
concentration levels (x) with the weighting factor (1/X?) (Murphy
et al., 1995; Patel et al., 2011). Developed process regression
formula of linearity curve was y = 0.00258x + 0.00714 with a
regression coefficient (77) value of 0.9993. The analyte LLOQ was
0.15 ng/ml, evaluated by five replicate analyte solutions having
more than three signal-to-noise ratio values.

Accuracy and precision

Intrabatch and interbatch precision and accuracy were
executed by six spiked (amprenavir) plasma samples at HQC,
MQC, LQC, and LLOQ concentrations in a lot and in three
succeeding lots, correspondingly (Cha et al., 2020; Elawadya
et al., 2020). Table 2 shows amprenavir findings of for accuracy

and precision. %relative standard deviation (RSD) findings of
intrabatch and interbatch precisions were within the limits and the
findings were between 1.86 and 4.21. The relative error findings
of intrabatch and interbatch accuracy were in the limits of —4.43
to 6.15.

Recovery

The recoveries (extraction) were calculated by
calculating six responses of the peak ratios of HQC, MQC, and
LQC level solutions of amprenavir to spiked sample solutions after
extraction at respective concentration levels (El-Zaher et al., 2019;
Singh et al., 2020). In the same manner, extraction recoveries of
rilpivirine were calculated by calculating the peak area ratios of
quality control plasma sample solutions (n = 6) to spiked human
plasma samples at respective concentration levels. The average
extraction recoveries of amprenavir were 96.4%, 95.1%, and
92.9% at high, medium, and low QC points, correspondingly. The
average extraction recovery of rilpivirine was 95.9% at the 100 ng/
ml concentration level (Figs. 3—5 and Table 3).

Matrix factor

Matrix constituents will hike or suppress the ionization
process. Its effect was evaluated by determining the internal
standard normalized matrix factor (MF) at eight variable lots
(having two lipemic and two hemolytic lots) of plasma samples
(Logoyda, 2020). The mean internal standard normalized MF for
all the analytes was in the limits of 1.04-0.94. Table 4 shows the
MF %RSD findings, which is <3.57.

Integrity of dilution

Integrity dilution was executed at twofold concentrations
of the upper limit of quantification (ULOQQC) for amprenavir.
After dilution in the proportion of 1:4, the mean back calculated
analyte amount for dilution QC sample solutions were in limits of
85.0%—115.0% of original figure with %RSD of <3.86.

Stability

Amprenavir stability was processed in both aqueous and
matrix-based sample solutions. Amprenavir and rilpivirine were
not affected in stock levels monitored for 70 days at 1.0-10.0°C.
Stocks in the diluent for 48 hours at 1.0°C-10.0°C were not

Table 1. Amprenavir calibration standard concentrations.

ID Concentration (ng/ml) Mean (ng/ml) %RSD %RE
CS-1 0.15 0.144 3.8 4
CS-2 30 28.89 2.7 3.7
CS-3 125 123.64 2.1 1.088
CS-4 275 269.19 4.2 2.11
CS-5 500 487.99 35 2.40
CS-6 800 786.71 1.9 1.66
CS-7 1150 1098.2 2.9 4.50
CS-8 1500 1479.52 3.7 1.36

RSD: Relative standard deviation; RE: Relative error.
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Table 2. Interbatch and intrabatch accuracy and precision.

Intrabatch Interbatch
Concentration level Nominal concentration (ng/ml)
Quantity found (ng/ml) %RSD %RE  Quantity found (ng/ml)  %RSD %RE
LLOQ 0.15 0.1433 2.92 —4.43 0.1467 1.86 -2.22
LQC 0.42 0.4352 421 3.62 0.446 2.47 6.15
MQC 750 770.79 3.43 2.77 779.935 2.94 3.99
HQC 1125 1131.49 4.16 0.58 1191.10 4.19 5.87
RSD: Relative standard deviation; RE: Relative error.
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Figure 2. Amprenavir (a) blank plasma and (b) LLOQC sample chromatograms. IS: Internal standard; ACN, 0.1%v/v HCOOH in water and methyl alcohol in the
proportion of 60:10:30; flow rate of 0.60 ml/minute.
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Figure 3. Amprenavir chromatogram at LQC. IS: Internal standard; ACN, 0.1%v/v HCOOH in water and methyl alcohol in the proportion of 60:10:30; flow rate

of 0.60 ml/minute.

affected. Matrix stability was noted for 60 days at —70.0°C and
—20.0°C against fresh sample solutions of linearity QCs. Stability
finding are given in Table 5. No degradation was observed up to 20

hours at benchtop stability at 10.0°C and after 6 freeze-and-thaw
sequences. In the autosampler, the analytes were no effected up to
72 hours, which was kept at 10.0°C.



Kumar et al. / Journal of Applied Pharmaceutical Science 12 (07); 2022: 115-121

J 5.0+

10.0-] ]
® 80: s 4.0]

.0 A
X X 1S
- q - 4
" b 2 2o
& 6.0 &30
A mo ]
i i
g 4.0 z 20
[ b U
=] £ ]
=1 ] .5 ]

2.0 1.04

\ y T : T . — r —
0.0 1.5 3.0 4.5 0.0 1.5 1.5

Figure 4. Amprenavir chromatogram at MQC. IS

proportion of 60:10:30; flow rate of 0.60 ml/minute.
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Figure 5. Amprenavir chromatogram at HQC. IS: Internal standard; ACN, 0.1%v/v HCOOH in water and methyl alcohol in the proportion

of 60:10:30; flow rate of 0.60 ml/minute.

Table 3. Amprenavir and IS recoveries.

Conc. A B % Recovery % Mean recovery %RSD
LQC 556 516 92.9
94.8 1.52
MQC 988,975 940,515 95.1
HQC 1,484,862 1,431,406 96.4
IS 459,326 434,522 95.9

RSD: Relative standard deviation; A4: mean recoveries of unextracted samples; B: average recovery of extracted

samples; IS: internal standard.

Table 4. Amprenavir matrix effect.

LQC HQC
Amprenavir
Drug MF IS MF IS normalized MF Analyte MF IS MF IS normalized MF

L-1 1.07 1.12 0.960 1.12 1.06 1.057
L-2 1.06 1.07 0.990 1.07 1.10 0.970
L-3 1.10 1.05 1.048 1.05 1.11 0.940
L-4 1.11 1.08 1.028 1.08 1.12 0.960
L-5° 1.12 1.09 1.028 1.13 1.09 1.0370
L-6* 1.09 1.09 1.000 1.08 1.06 1.019
L-7° 1.11 1.08 1.030 1.09 1.10 0.990
L-8 1.12 1.13 0.990 1.09 1.11 0.980

Mean 1.008 0.99
SD 0.028 0.04

%RSD 2.75 3.57

“Hemolyzed lot.
°Lipemic lot.

RSD: Relative standard deviation; MF: matrix factor; IS: internal standard.
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Table 5. Amprenavir stability.

Stability type QC level X Y %RSD % Stability
LQC 0.42 0.401 1.53 95.54
Long term for 60 days (—70°C)
HQC 1125 1,116.39 391 99.24
) LQC 0.42 0.41 1.86 98.75
Refrigerator for 48 hours (1.0°C—10.0°C)
HQC 1125 1,101.01 2.82 97.87
= LQC 0.42 0.414 4.93 98.47
In-injector (at 10°C for 72 hours)
HQC 1125 1,140.01 3.62 101.33
LQC 0.42 0.40 3.49 96.37
Benchtop for 20 hours (at <10°C)
HQC 1125 1,074.11 2.83 95.48
LQC 0.42 0.425 341 101.12
Long term for 60 days (—20°C)
HQC 1125 1,110.91 1.84 98.75
LQC 0.42 0.39 3.92 94.64
Freeze/thaw
HQC 1125 1,144.08 4.14 101.69

X: nominal concentrations; Y: mean concentration of analyte; RSD: Relative standard deviation.

CONCLUSION

In the present study, a sensible and precise LC-MS/MS
procedure was developed and validated for the successful quantification
of amprenavir in human biological samples. This technique showed
good linearity, accuracy, specificity, stability, and precision. The
rectilinear plot equation and regression coefficient (7°) outcomes are y
=0.00258x +0.00714 and 0.9993, correspondingly. %RSD findings of
interday and intraday precisions of executed method were in between
1.86% and 4.21% for QC standards (0.42, 750.0, and 1,125.0 ng/ml).
Hence, the developed technique can be valid for the pharmacokinetics
and toxicity studies in bioanalytical, forensic, and clinical analysis of
amprenavir in variable type of bio-samples successfully.

AUTHOR CONTRIBUTIONS

All authors made substantial contributions to conception
and design, acquisition of data, or analysis and interpretation of data;
took part in drafting the article or revising it critically for important
intellectual content; agreed to submit to the current journal; gave final
approval of the version to be published; and agree to be accountable
for all aspects of the work. All the authors are eligible to be an author
as per the international committee of medical journal editors (ICMJE)
requirements/guidelines.

FUNDING
There is no funding to report.

CONFLICTS OF INTEREST

The authors report no financial or any other conflicts of
interest in this work.
ETHICAL APPROVALS

This study does not involve experiments on animals or
human subjects.
DATA AVAILABILITY

All data generated and analyzed are included within this
research article.

PUBLISHER’S NOTE

This journal remains neutral with regard to jurisdictional
claims in published institutional affiliation.

REFERENCES

Brophy DF, Israel DS, Pastor A, Gillotin C, Chittick GE,
Symonds WT, Lou Y, Sadler BM, Polk RE. Pharmacokinetic interaction
between amprenavir and clarithromycin in healthy male volunteers.
Antimicrob Agents Chemother, 2000; 44(4):978-84.

Cha YJ, Song YK, Chae SH. Development and validation
of an LC-MS/MS method for monitoring larotrectinib, a tropomyosin-
related kinase inhibitor, in mouse and human plasma and application to
pharmacokinetic studies. J Anal Sci Technol, 2020; 11:20.

Chambers EE, Woodcock MJ, Wheaton JP. Systematic
development of an UPLC-MS/MS method for the determination of
tricyclic antidepressants in human urine. J Pharm Biomed Anal, 2014;
88:660-5.

Dandache S, Sevigny G, Yelle J, Stranix BR, Parkin N, Schapiro
IJM, Wainberg MA, Wu JJ. In vitro antiviral activity and cross-resistance
profile of PL-100, a novel protease inhibitor of human immunodeficiency
virus type 1. Antimicrob Agents Chemother, 2007; 51(11):4036-43.

European Medicines Agency. Guideline on bioanalytical method
validation, 2011. https://www.ema.europa.eu/en/documents/scientific-
guideline/guideline-bioanalytical-method-validation_en.pdf.

El-Zaher AA, Hashem HA, Elkady, Allam MA. A validated
LC-MS/MS bioanalytical method for the simultaneous determination of
dapagliflozin or saxagliptin with metformin in human plasma. Microchem
J,2019; 149:104017.

Elawadya T, Khedrb A, El-Enanya N, Belala F. LC-MS/MS
determination of erdafitinib in human plasma after SPE: Investigation of
the method greenness. Microchem J, 2020; 154:104555.

Granfors MT, Wang JS, Kajosaari LI, Laitila J, Neuvonen PJ,
Backman JT. Differential inhibition of cytochrome P450 3A4, 3A5 and 3A7
by five human immunodeficiency virus (HIV) protease inhibitors in vitro.
Basic Clin Pharmacol Toxicol, 2006; 98(1):79-85.

Henion J, Brewer E, Rule G. Sample preparation for LC/MS/MS:
knowing the basic requirements and the Big Picture of an LC/MS system
can ensure success in most instances. Anal Chem, 1998; 70:650A—6A.

ICH guidelines for validation of analytical procedures: text and
methodology. Q2(R1) ICH, Geneva, Switzerland,pp 1-14, 2005.

Jingduan Chi, Anura L Jayewardene, Judith A. Stone, Toshiro M,
Francesca TA. Simultaneous determination of five HIV protease inhibitors


https://www.ema.europa.eu/en/documents/scientific-guideline/guideline-bioanalytical-method-validation_en.pdf
https://www.ema.europa.eu/en/documents/scientific-guideline/guideline-bioanalytical-method-validation_en.pdf

Kumar et al. / Journal of Applied Pharmaceutical Science 12 (07); 2022: 115-121 121

nelfinavir, indinavir, ritonavir, saquinavir and amprenavir in human plasma
by LC/MS/MS. J Pharm Biomed Anal, 2002; 30:675-84.

Logoyda LS. LC-MS/MS Method development and validation
for the determination of nifedipine in human plasma. Biointerf Res Appl
Chem, 2020; 10(5):6189-96.

Murphy AT, Kasper SC, Gillespie TA, DeLong AF. Determination
of xanomeline and active metabolite, n-desmethylxanomeline, in human
plasma by liquid chromatography-atmospheric pressure chemical ionization
mass spectrometry. J] Chromatogr B Biomed Appl, 1995; 668:273-80.

Padmini T, Satyanarayana L. Spectrophotometric determination
of amprenavir by complex formation in bulk drug and formulation samples.
Int J Pharm Clin Res, 2017; 9:521-4.

Patel DS, Sharma N, Patel MC. Development and validation of a
selective and sensitive LC-MS/MS method for determination of cycloserine
in human plasma: application to bioequivalence study, J Chromatogr B,
2011; 879:2265-73.

Rajitha K, Lakshmi Prasanna N, Naveen R, Ranjith CH, Ashok
Kumar A. A rapid RP-HPLC method development and validation for the
quantitative estimation of indinavir in capsules. Int J Pharm Pharma Sci,
2014; 6:453-6.

Sadler BM, Hanson CD, Chittick GE, Symonds WT, Roskell
NS. Safety and pharmacokinetics of amprenavir (141W94), a human
immunodeficiency virus (HIV) type | protease inhibitor, following oral
administration of single doses to HIV-infected adults. Antimicrob Agents
Chemother, 1999; 43(7):1686-92.

Samson ID, Etsay W, Yemane B. LCMS/MS method development
and validation for the quantification of amprenavir in human plasma. J Glob
Trends Pharm Sci, 2015; 6(2):2500-5.

Singh N, Bansal P, Maithani M, Chauhan Y. Development and
validation of novel LC-MS/MS method for determination of Lusutrombopag
in rat plasma and its application to pharmacokinetic studies. Arab J Chem,
2020; 13(2):4162-9.

US FDA. Guidance for Industry Bioanalytical Method
Validation, Food and Drug Administration, Center for Drug Evaluation and
Research (CDER), Rockville, MD, 2001.

Wittayanarakul KL. Precise predictions of protonate states
as a prerequisites for consistent MM-PB(GB)SA necessary free energies
calculation of HIV-I protease inhibitor. ] Comp Chem, 2008; 29(5):673-85.

Zhou SF, Zhou ZW, Yang LP, Cai JP. Substrates, inducers,
inhibitors and structure-activity relationships of human Cytochrome
P450 2C9 and implications in drug development. Curr Med Chem, 2009;
16(27):3480-675.

How to cite this article:

Bandaru AK, BommaR, Shankar C, Bhikshapathi DVRN. Method
development, validation, and application of liquid chromatography-
€lectrospray ionization-mass spectrometry/mass spectrometry method
for the quantification of amprenavir in plasma samples. J Appl Pharm
Sci, 2022; 12(07):115-121.






