Available online @ www.pelagiaresearchlibrary.com

Pelagia Research Library

Der Pharmacia Sinica, 2015, 6(4):65-72

Der Pharmacia Sinica

Library ISSN: 0976-8688
CODEN (USA): PSHIBD

Development and validation of high performance liqud chromatographic
method for the determination of Dolutegravir in human plasma

Satyadev T. N. V. S. S., Bhargavi Ch. and B. SyanuSdar*

Yogi Vemana University, Vemana Puram, Kadapa

ABSTRACT

A rapid, specific and accurate high performanceuiij chromatographic method for the determination of
dolutegravir in human plasma using hydrochlorotlid&zas internal standard was developed and valididte UV
detection. The extraction process involved a ligigdid extraction using methyl-t-butyl ether. Balblutegravir
and the internal standard were eluted under isdcratode using a 150 X 4.6 mm i.d, 5 um Phenomeisx D
C18 column. The mobile phase composed a mixtuBD:G0 % v/iv 20 mM Sodium acetate buffer (pH 4.0J an
Methanol at a flow rate of 1.0 mL/minute. The Wewngth of detection is 254 nm. The injection volusn20 pL.
The runtime of the method is 6 minutes with retentimes 2.08 minutes and 4.16 for Hydrochlorotidieazand
Dolutegravir respectively. The method showed gowushltity in the range of 101.90 to 7004.49 ng/ifhe recovery

of Dolutegravir is 59.21 % with a co-efficient adriation 3.72 % and recovery of internal standardsn60.61 %
with a co-efficient of variation 3.33 %.
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INTRODUCTION

Dolutegravir(DOLU),(4R,12aS)-N-(2,4-difluorobenzyiyhydroxy-4-methyl-6,8-dioxo-3 4,6, 8,12,12a-heydto-
2H-pyrido[1',2":4,5]pyrazino[2,1-b][1,3]oxazine-@tboxamide. Doluteg -ravir is integrase inhibited in the

treatment of HN"! and was approved by FIFA Dolutegravir[Figure 1] works by blocking integrase, an HIV
enzyme. This prevents HIV from replicating and losvéhe amount of HIV in the blood. It can be usedhe
treatment of HIV in both adults and children of §@ars age and older and weighing atleast 40 kirngr&
thorough review of literature revealed that onlwery few methods were reported for the determimatd
Dolutegravir in human plasiia and a number of methods were reported for the rmdation of
hydrochlorothiazidé®®. Hence it is decided to develop a new RP-HPLC outtfor the determination of
Dolutegravir in human plasma. To access the remibdity and wide applicability of the developecdethod, it was
validated as per FDA guidelir@s

65
Pelagia Research Library



B. Syam Sundaret al Der Pharmacia Sinica, 2015, 6(4):65-72

CH; O OH H
(o) F F Cl N
—
/
0) . 2 \S S/
O

7\ 7/ \
O/\o O/\O

Fig 1 Dolutegravir Fig 2 Hydrochlorothiazide

MATERIALS AND METHODS

Solvents and Chemicals

Dolutegravir (purity 99.90 % w/w) was used as reedifrom M/S Laurus Pharma Ltd. Hydrochlorothiaz{deed
as Internal Standard, Purity 99.0 % w/w) is giftsdM/S Roorkee Drugs Pvt Ltd. HPLC grade MethaiM#thyl-t-
butyl chloride was purchased from Merck Ltd (MumHdadia). Deionized water was processed throughila-®
water purification system (Millipore, USA). All bér chemicals and reagents were of analytical grade

Chromatographic System

The Chromatographic system consisted of a Shim&iags VP Binary pump LC-10ATvp, SIL-10ADvp Auto
sampler, CTO-10Avp Column Temperature Oven, SPDvpOAV-Visible Detector. All the components of the
system are controlled using SCL-10Avp System CdietroData acquisition was done using LC Solutigas 1.23
SP 1software. The detector is set at a wavelerfgtb4 nm. Chromatographic separations were accehmudi using
a Phenomenex ODS-2,£5 um, 150 mnx4.6 mm column. The mobile phase consists of a maxéd 70 parts of
Methanol and 30 parts of 20 mM Sodium acetate b\ffel 4.0+0.05). The pH of the buffer adjusted t0 dsing
glacial acetic acid. The mixture was filtered thghu0.45um membrane (Millipore, Bedford, MA, USA) under
vacuum, and then degassed by flushing with nitrdgerd min. The mobile phase was pumped isocrdyic a
flow rate of 1.0 ml/min during analysis, at ambi&nperature. The rinsing solution consists of atumé of 50: 50
% v/v of acetonitrile: HPLC Grade Water.

Preparation of Standard Solutions

A stock solution of Dolutegravir was prepared intma@mol such that the final concentration is apprately 2.5
mg/mL. Stock solution of Hydrochlorothiazide (apprb0.0 mg/mL) is prepared in HPLC Grade methanbdle T
solutions were stored at 10°C and they were sfablat least two weeks. Aqueous stock dilution alidegravir is
prepared in diluent solution (mixture of 50: 50 %% @f methanol: HPLC Grade water).

Sample Preparation

Aqueous stock dilutions were prepared initiallyp @l of each aqueous stock dilution is transfeiréd a 10 mL
volumetric flask. The final volume is made up w#ttreened drug-free ,EKDTA human plasma and mixed gently
for 15 minutes to achieve the desired concentrationalibration curve standards. The final calitmatstandard
concentrations are 0.0 (Blank; no Dolutegravir atjde101.90, 203.80, 1018.98, 2037.96, 3056.94, 4885
6419.57 and 7005.49 ng/ml. Each of these standatdiens was distributed in disposable polypropglenicro
centrifuge tubes (2.0 ml, eppendorf) in volume @& @l and stored at -70°C until analysis. Similaglyality control
samples were prepared in plasma such that thedomaentrations were 106.99, 331.17, 3617.38 afd.36 ng/ml
respectively and labeled as Lower limit of quaansfion (LLOQ), Low quality control (LQC), median ajity
control (MQC) and high quality control (HQC) respeely.

The extraction of the plasma samples involved ldeLiquid Extraction process. For processing, tlwrest spiked
samples were withdrawn from the freezer and allowethaw at room temperature. An aliquot of 400 qflthe
spiked plasma calibration curve standard and ttaditgjucontrol samples were transferred to prediedhe2.0 mL
polypropylene centrifuge tubes. 50 pL of interrtainslard dilution (100 pg/mL) is then added and whixeO mL
diethyl ether extraction solvent is then added xtraet the drug and internal standard. The sampiei® then
subjected to flash-freezing using a mixture of &-and acetone. The supernatant was then traedfanio another
labeled polypropylene tube and evaporated to deyneger nitrogen at 4@ The dried residue was then dissolved
in 0.3 mL of mobile phase, vortexed thoroughly arahsferred into auto sampler vial for analysis.u200f the
samples was then injected into the system for aimalyThe autosampler temperature is maintained &€ 4
throughout the analysis. The column temperatur@ évenaintained at ambient temperature.
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Validation of quantitative HPLC method

The quantitative HPLC-UV method was validated taed®mine selectivity, calibration range, accuracyd an
precision, limit of detection (LOD), limit of quatdtion, % recovery, freeze—thaw and auto sampbdility. The
initial assay was fully validated for Dolutegraainalysis in human plasma according to FDA guidsline

Selectivity
The selectivity of the method was evaluated by yaiia) six independent drug-free,BKDTA human plasma
samples with reference to potential interferencesfendogenous and environmental constituents.

Calibration curve

Calibration curves were generated to confirm thati@nship between the peak area ratios and theecdration of
Dolutegravir in the standard samples. Fresh cdldnastandards were extracted and assayed as losd@bove on
three different days and in duplicate. Calibratiomves for Dolutegravir were represented by théspdd the peak-
area ratio (Dolutegravir/Hydrochlorothiazide) vesshe nominal concentration of the Dolutegravircalibration
standards. The regression line was generated dsgcentratiorf factor as the mathematical model of best fit.
Dolutegravir concentrations in QC samples, recowany stability samples were calculated from theltieg area
ratio and the regression equation of the calibnatiarve.

Accuracy and precision

Intra-day accuracy and precision were evaluatedraysis of QCs at four levels (LLOQ, LQC, MQC afaQcC; n
= 6 at each level) on the same day. Inter-day pi@tiand the accuracy were determined by analyfring QC
levels on 3 separate days (n = 6 at each levelgalith three separate standard curves done incdigs.

The accuracy of an analytical method describes tloge the mean test results obtained by the mathedo the
nominal concentration of the analyte. Accuracy easulated by the following equation, expressed percentage:

Accuracy (%) = mean observed concentration/nondaatentration x 100

The precision was expressed by co-efficient ofatan (CV). The CV % indicates the variability ambthe mean
in relation to the size of the mean, and is defiagd

CV (%) =standard deviation/mean observed conceotratl00

Stability Studies

Autosampler, and freeze-thaw stability of Dolutegrawas determined at low, medium and high QC
concentrations. To determine the impact of fredmeatcycles on Dolutegravir concentration, samplesevallowed

to undergo 3 freeze (-7AAT) thaw (room temperature) cycles. Following sampatment/storage conditions, the
Dolutegravir concentrations were analyzed in tcgiés and compared to the control sample that bad stored at
-70 °C. Autosampler stability of extracted samples watednined by comparing Dolutegravir concentration i
freshly prepared samples and samples kept in aufeaat 4°C for 24 h.

Recovery

Recovery was determined by comparing the area uhdeturve (AUC) of extracted QC samples (LQC, M&d
HQC) with direct injection of extracted blank plasispiked with the same nominal concentration oluBgravir as
in the QC samples. This should highlight any lasssignal due to the extraction process. IS recoveag
determined for a single concentration of 40 ug/mL.

Data analysis

HPLC data acquisition and processing was perforbye8himadzu LC Solutions Ver 1.23 SP 1 softwaran&ard
curves for quantitation of Dolutegravir were consted using a 1/concentratiGiweighted linear regression of the
peak area ratio versus Dolutegravir concentratiemknown and QC sample concentrations were backiledéd
from the standard curves.

RESULTS AND DISCUSSION

Method Development

The HPLC procedure was optimized with a view to elep a sensitive and reproducible method for the
determination of Dolutegravir in Human Plasma. 8iboth Dolutegravir and internal standard hydroditluazide
are highly non-polal*® ** *¥ve employed the usage of liquid-liquid extractiangess with diethyl ether. To get a
better response the pH of the mobile phase isostiet acidic side. During our observation, a pHugadround 7.4
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resulted in better peak shape for the internaldstachwhile that of the drug is not acceptable. Aldkaline mobile
phase characteristics causes deterioration of ¢imeldd phase in the column due to alkaline hydrslysi end-
capped silica™® 'l Compared to acid catalyzed hydrolysis, the hydisl of end-capped silica in alkaline
conditions is usually very rapid. Therefore expents were performed using 20mM sodium acetatdimited pH
range of 4.0 to pH 5.5. The response was checkéueatietector using a connector (without the coluninpH
value of 4.0 + 0.5 gave maximum response for traydm at 254 nm. A similar response was observet thie
usage of 70 % methanol. Therefore the final mopilase consisted of 30: 70 % v/v 20 mM sodium aegjait
adjusted to 4.0 + 0.5 using glacial acetic acid) amethanol. The run time of analysis is higher whaelonger
reverse phase column (250 X 4.6 mm id) is used.r&hkelution between the peaks was decreased akd pese
not acceptable peak shape when the experimentfisrped using a shorter column (50 X 4.6 mm id)wdwer
better resolution, less tailing and high theorétidates are obtained with a Phenomenex column 158X 4.6 cm
5 um column.

The flow rate of the method is 1.0 ml/min. The eofutemperature is maintained at ambient. At thentep flow
rate, peak shape was acceptable, however increasidgcreasing the flow rate increased the taifangjor and
resulting in poor peak shape and decreased rezollgtween the drug and internal standard. Therg nea
interference in the drug and internal standardnftbe extracted blank. The peak symmetry were fdarfae good
when the mobile phase composition of 30:70 viv@h2V sodium acetate and methanol leading to begsaiution
of the drug and internal standard. Increasing tigamic portion of the mobile phase caused hydroothiazide to
elute early. A mobile phase containing agueousqrogreater than 30 % led to very late elution a@ed/ poor peak
shape for Dolutegravir. The peaks were also bro#d umacceptable asymmetry factor.

Extraction methods were initially attempted usin@tBin precipitation technique. The use of orgauotvents as
reagents for protein precipitation was well knownecipitation technique was adopted using Acetibmiaind or
Methanol. Initial experiments of protein precipitet were done using 1: 3 ratio of plasma : Orgaoiwents. The
recovery of the Dolutegravir was poor while thattteé internal standard is relatively unchangedaspared with
liquid-liquid extraction.

Since the noise effects in solid phase extract8PH) method are similar to that of liquid-liquidimction, we have
done the final analysis using liquid-liquid extiaat (LLE). SPE methods although render a neat sarfgyl final
analysis, polar interferences do enter into thalfisample during reconstitution. SPE is further emgive as
compared to LLE technique.

Various solvents such as Ethyl acetate, DiethyleEtH00 % t-butyl methyl ether and combinationst-bftyl
methyl ether and Dichloromethane were used forekittn. The recovery of Dolutegravir and interrtanslard was
poor when Ethyl acetate or t- butyl ether was uséd/idually. The highest recovery from the plasssmples is
obtained with diethyl ether.

Detection and chromatography

Fig. 4 shows the typical chromatograms of a blamknéin plasma sample (A), a zero blank sample with
Hydrochlorothiazide (B), LLOQ sample extracted gsimydrochlorothiazide as internal standard and {i2h a
sample containing ULOQ sample extracted using oldoyothiazide as internal standard indicating pecificity

of the method. The retention times for Dolutegrawid IS were 4.16 and 2.08 minutes, respectively.

Method validation

Selectivity

The method was found to have high selectivity foe @analytes; since no interfering peaks from endoge
compounds were observed at the retention time @duatBgravir in any of the six independent blankspha extracts
evaluated (Fig. 4A).

Calibration curves

A system suitability exercise is performed befdre initiation of the validation. A system is assunte be suitable
for analysis if and only if the % CV for the retiemt times of Dolutegravir and internal standardiess than 2 %.
The results are tabulated in Table 1. Calibratiorves for Dolutegravir in human plasma were fittgdweighted
1/concentratiorf quadratic regression, with the r 2 values of >d@9all curves generated during the validation.
The calibration curve accuracy for plasma is prieskin Table 2 demonstrating that measured coratimris
within £ 15% of the actual concentration point (2886 the lowest point on the standard curve, th©QQ). Results
were calculated using peak area ratios. A reprateatcalibration curve showing the regression éqonaand f
value is depicted in Figure — 3.
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Accuracy and precision

A detailed summary of the intra-day and inter-degcjsion and accuracy data generated for the asdadation is

presented in Table 3. Inter-assay variability wapressed as the accuracy and precision of the n@an
concentrations (LLOQ, LQC, MQC, and HQC) of threparate assays. Intra-assay variability was deteunas
the accuracy and precision of the six individual @&hcentrations within one assay. The inter- andhiassay
accuracy and precision was <5% for all QC concéntra, which was within the general assay acceliigbriteria

for QC samples according to FDA guidelifés

Limit of detection and limit of quantification

LOD is defined as the lowest concentration that pced a peak distinguishable from background natgaithum
ratio of 3:1). The approximate LOD was 55 ng/mL.eThLOQ has been accepted as the lowest points ®n th
standard curve with a relative standard deviatibless than 20% and signal to noise ratio of 5dsuis at lowest
concentration studies (100 ng/mL) met the critéoiathe LLOQ (Table 3). The method was found toskesitive

for the determination of RIF in human plasma samplehe ULOQ has been accepted as the highest pmintise
standard curve with a relative standard deviatidess than 15%.

Carryover test

A critical issue with the analysis of many drugshisir tendency to get absorbed by reversed phetaedecyl-based
chromatographic packing materials, resulting in daeryover effect. However in this analysis no difeble
carryover effect was obtained when a series ofkbptasma) solutions were injected immediatelydaling the
highest calibration standard.

Stability studies

The results of short-term, long term and freezewttsability are presented in Table 4. Determinatimi
Dolutegravir stability following three freeze—thaycles showed that for all QC samples there wasnamehange
in the Dolutegravir concentration.

Recovery

Percentage recovery of Dolutegravir was measurediagling the peak area values of extracted QC $asnyith
direct injection of solution containing the samemal concentration of compounds as the QC saniplestracted
blank plasma. The mean recovery of Dolutegravimfiglasma spiked samples of Dolutegravir at LQC, M&y@d
HQC levels was 57.61 %, 61.72 % and 58.29 % resdet The overall recovery is 59.21 % with a % @iceéent
of variation of 3.72 %, respectively. IS recoveity4® pg/mL of Hydrochlorothiazide was 60.61 % wi#h%
Coefficient of variation of 3.33%.

Linear Calibration Curve for Dolutegravir using HPL C-UV using
Hydrochlorthiazide as an Internal Standard Method
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Figure 3: Calibration Curve of Dolutegravir (Curve — 1)
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Figure 4: Chromatograms of (A) Extracted Blank Sampe (B) Zero Blank Containing Hydrochlorothiazide &s Internal standard

(C) Dolutegravir containing hydrochlorothiazide asinternal ~ Standard
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Table 1 System Suitability Study

Hydrochlorothiazide Internal Standard (40 pg/mL) Dolutegravir (2500.00 ng/mL)
Retention Time (min) Peak Area Retention Time (min)| Peak Area
Mean (n = 6) 2.08 951862 4.16 580126
S. D. 0.02 12761.84 0.03 8185.0(
% CV 0.44 4.66 0.36 5.22

Table 2 Results of regression analysis of the linety data

Linearity parameters Mean + SD (n = 6)
Slope 0.00012
Intercept 0.00867
Correlation coefficient 0.99879
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Table 3 Intra and Inter day accuracy and precisiorof HPLC assay

Nominal Concentration ( ng/mL)
106.99| 331.17] 3617.38 5604.39
DAY 1
Mean | 113.00] 334.39 3906.91 5749.38
S.D. | 11.863] 19.334 326.487 274.4p1
%CV | 10.34| 578 8.36 4.77
DAY 2
Mean | 113.72] 336.20 3923.07 5775.53
S.D. | 13.438] 22.114 274.085 195.7p1
%CV | 11.82| 6.58 6.99 3.39
DAY 3
Mean | 112.89] 333.80 3895.40 5735.p05
S.D. | 13.116] 21.94 282.542 220.0¥5
%CV | 11.62| 6.57 7.25 3.84

Each mean value is the result of triplicate analysi

Table 4 Short Term, long term and Freeze Thaw stabty of Dolutegravir

Nominal Concentration ( ng/mL)
331.17 (LQC) | 5604.39 (HQC)
Short-term stability (8 hours)
Mean Accuracy (%) 100.76 96.59
S.D. 11.50 61.24
% CV 3.50 1.06
Long-term stability (11 Days)
Mean Accuracy (%) 99.46 94.88
S.D. 18.01 188.54
% CV 5.41 3.19
Freeze — Thaw stability (3 Cycles)
Mean Accuracy (%) 101.46 97.44
S.D. 5.25 33.19
% CV 1.61 0.58

Each mean value is the result of triplicate analysi
CONCLUSION

A HPLC method was developed and validated for tkéemnination of Dolutegravir in human plasma. The
extraction process was a single-step liquid—ligeidraction procedure employing the use of diettdet LLE
method is usually devoid of polar interferencessthendering the sample clean for final analysise Tibise is
usually absent or at minimum as compared to pratiph or SPE techniques. This assay requires argynall
volume of plasma (500 pL). There is no carryovdecatf Due to the LLE method of extraction, baseliuise is
minimal. Matrix effects are not observed. In cos@n, method validation following FDA guideline igdted that
the developed method had high sensitivity with &0 of 106 ng/mL, acceptable recovery, reliabilgpgecificity
and excellent efficiency with a total running timm€6.0 min per sample, which is important for latggtches of
samples. Thus this method can be suitable for phaskinetic, bioavailability or bioequivalence stesliof
Dolutegravir in human subjects. This method hasitsecessfully applied to analyze Dolutegravir emiations
in human plasma.
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