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ABSTRACT

A simple, sensitive, selective, rapid, rugged, oéprcible and specific Ultra performance liquid chratography
(UPLC) method was used for a quantitative estinmmtd Atovaquone (AQ) in Rat plasma using 2,3-dighé-
indenone (AQIS) as an internal standard (IS). Chatographic separation was performed on  Watersukgq
UPLC® BEH C18, 2.1 x 50 mm, 1.7 um column withisaeratic mobile phase composed of 0.1% formic acid
methanol (20:80 v/v), at a flow-rate of 0.2 mL/mAiQ and AQIS were detected with waters TUV deteattdsV
wave length 277 (nm). Liquid-liquid extraction methwas used and validated over a linear concerdratange of
50.0-10000.0 ng/ mL with a correlation coefficiefi(r’) > 0.9981. The lower limit of quantification (LOQ)it of
detection (LOD) was found as 50.0 ng/ mL and 190 nrgspectively. Intra and inter-day precision witli.0 to 8.5
and 1.9 to 4.3 % and accuracy within 101.0 to 10am8l 103.9 to 104.7 % for AQ. Drug found to be kab
throughout three freeze-thaw cycles. This method suecessfully applied into a pharmacokinetic staflyats
through i.v administration.
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INTRODUCTION

Atovaquone is an antiprotozoal agent. The chenmiaate of atovaquone igns 2-[4-(4-chlorophenyl)cyclohexyl]-
3-hydroxy-1,4-naphthalenedione. Atovaquone is #oyekrystalline solid that is practically insolubile water. It
has a molecular weight of 366.84 and the moledolanula G,H14CIO5[1].

The bioavailability of atovaquone is low and vateakand is highly dependent on formulation and diet.
Bioavailability of the suspension increases twatfalnen administered with meals. When administerid feod,
bioavailability is approximately 47%. Without footthe bioavailability is 23%. Atovaquone is exter$wbound to
plasma proteins (99.9%) over the concentrationgarfd. to 90 ug/mL. Half life 2.2 to 3.2 days [2-6]

Literature survey reveals that, there are few nughreported for quantification of Atavaquone inIBgical [7-14],
Pharmaceutical [15, 16]. These methods which aveldped by LC-MS [7, 8], HPLC [9-14]. There is ntinod
reported for quantification of Atavaquone in bidkeg matrices by UPLC.

205
Scholar Research Library



B. R. Challaet al Der Pharmacia Lettre, 2013, 5 (1):205-214

The aim of the present research includes developarahvalidation of Atavaquone in Rat plasma bygsiPLC.
This method was successfully applied into a phaakiaetic study of rats through i.v administration.
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Fig 1: Chemical structures of a) Atavagquone and b) 2, 3-diphenyl- l-indenone

MATERIALS AND METHODS

Chemicals and Reagents

Atavaquone AQ) (98.90% purity) was purchased from USP and 2pBweliyl-1-indenoneAQIS (97.50% purity)
was obtained from Creative Organics, India.(FigHHPLC grade methanol and acetonitrile were purdhésen Jt.
Baker Mallinckrodt Baker, Inc. Phillipsburg, NJ, AISN, N-Dimethylformamide (reagent grade) was pasdd
from Merck Limited, worli, Mumbai., Methyl t-butygther was purchased from Merck speciality privatétéd,
worli, Mumbai. Rat plasma ()cDTA) was obtained from Bioneeds, Bangalore, Intira pure water from Milli-
Q system (Millipore, Bedford, MA, USA) was useddhgh the study. All other chemicals in this studgrevof
analytical grade.

I nstrumentation and Chromatographic Conditions

UPLC was performed using Waters Acquiystem equipped with binary solvent delivery pump autosampler
and tunable UV detector. The chromatographic séiparaas performed using Waters Acquity BEH, 2.30xmm,
1.7 um C18 analytical column at 30°. The mobileggheontaining a mxture of 0.1%formic acid and medhan the
ratio of 20:80(v/v). at a flow rate of 0.2 mL/ min was used . Thiection volume was 10 pL. The detection was
obtained at a wavelength of 277 nAQ andAQISwere eluted at 5.1 + 0.2 min, 2.5 £ 0.2 min witto&l run time

of 8 min for each sample.

Preparation of Standards, Calibration and Quality control (QC) Samples

Standard stock solutions @&Q (1000.00ug /ml) anddQIS (100.00pg /ml) were prepared in methanol. The IS
spiking solutions (8.00 ug /ml) were prepared i#b5Methanol fromAQIS standard stock solution. Standard stock
solutions and IS spiking solutions were storeddfrigerator conditions (2-8C) until analysis. Standard stock
solution AQ was added to drug free Rat plasma taipbAQ concentration levels of 50.0, 100.0, 25&00.00,
1000.00, 2000.00, 4000.00, 6000.00, 8000.00 and@00 ng/ mLfor analytical standards and 50.00,.0%0
3000.00, 7000.00 ng/mL (LLOQ, LQC, MQC, HQC) foradjty control standards and stored in the fredmdow -
30°C until analysis. The aqueous standards were prdpar reconstitution solution (0.1%formicacid : hmtol
(20:80v/v) and stored in the refrigerator (263 for validation experiments until analysis.
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Sample Preparation

Liquid-liquid extraction (LLE) was used to isola#® andAQIS from Rat plasma. 50 pL &QIS(10.0 pug /ml)
and 100 uL respective plasma concentrations wettechahto polypropylene tubes and vortexed bri€fllyis was
followed by addition of 2.5 ml of methyl t-butyltedr into each tube and vortexed for 10 min. All saenples were
centrifuged at 4000 g.force, 20°C for 10 min armhsferred the supernatant from each sample infmectise
polypropylene tubes. Samples were evaporated tmedsy under nitrogen at 40°C. Finally samples were
reconstituted with 200 pL of reconstitution solati®.1% formicacid : methanol (20:80v)) and vortexed briefly.
From this 10 pL of each sample was injected ineoWRPLC system.

Linearity, Precision and Accuracy

The analytical curves were constructed using vataaging from 50.00 to 10000.00 ng/ mL#&@ in Rat plasma.
Calibration curves were obtained by 1/Cogoadratic regression analysis. Calibration cuwere plotted against
the ratio of instrument response (peak area AQBAAQIS) versus AQ concentration. Calibration curve standard
samples and quality control samples were preparedpglicates (n=6) for analysis. Precision and eaxyufor the
back calculated concentrations of the calibratiois were maintained within + 15% of their nominallues.
However, for LLOQ the precision and accuracy ariini+ 20%.

Selectivity& Specificity

The selectivity of the method was determined bynkl®at plasma samples from six different lots tst tine
potential interferences of endogenous compoundsded withAQ and AQIS The Chromatographic peaks A
and AQIS were identified based on their retention timese Thean peak area of LOQ f&Q and AQIS at
corresponding retention time in blank samples ghaot be more than 20 and 5% respectively.

Limits of Quantification (LOQ) and Detection (LOD)

LOQ was estimated in accordance with baselineenaigthod. The LOQ was estimated at a signal-toenois
ratio(S/N) of 5. The LOQ was experimentally perfednby six injections oAQ at LOQ concentration (Fig.3b)
.Signal to noise ratio was (S/N) calculated “byesthg the noise region as close as possible teitireal peak,
which is at least 8 times the width of the sigoedk at half height”.

Recovery

Recovery ofAQ was evaluated by comparing the mean peak areaxaxsiacted low, medium and high quality
control samples (150.00, 3000.00 and 7000.00 ngbrihe mean peak area of six post spiked with legmaunts
of quality control samples.

Similarly, the recovery ofAQIS was evaluated by comparing the mean peak arextodceed quality control
samples to the AQIS in post spiked samples witrsilee amount of AQIS.

Stability

LQC and HQC samples (n=6) were retrieved from gpdexezer after three freeze/thaw cycles accorthnginical
protocol. Samples were stored at —10 to°€30in three cycles of 24, 36, and 48Ih addition, the long-term
stability of AQ in QC samples was also evaluated after 92 dag®odige at —10 to —30. Post spiked stability was
studied following a 50 h storage period in the admpler tray. Bench top stability was studieddat2 h period.
Stability samples were processed and extractedgaldth the freshly spiked calibration curve stam$arThe
precision and accuracy for the stability samplestrbe within 15 and £15%.

Analysis of Rat Samples

The validated method has been successfully usegidatify atovaquone concentrations in rat plasnie Jtudy
was conducted according to current GCP guideliBefore conducting the study it was also approvedaby
authorized animal ethics committee. There was al twft 10 blood collection time points including tipeedose
sample (0.25, 1, 2, 4, 10, 21, 33, 45, 117, 213 Tine blood samples were collected in separate tasrs
containing KEDTA as an anticoagulant. The plasma from thesepksmwas separated by centrifugation at 3000
rpm within the range of 2-8 °C. The plasma samihlas obtained were stored at —30°C until analy&ist analysis
the pharmacokinetic parameters were computed ¥Winglonlin® software version 5.2.
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RESULTS AND DISCUSSION
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Fig 2: Amlvte selectivity chromato gram for drus.

Method Development and Validation

The goal of this research is to develop and vadidasimple, selective, sensitive, rapid, rugged @pdoducible
assay method for the quantitative determinatiod@ffrom plasma samples. In the way to develop a sirapk
easy applicable method f&Q assay in Rat plasma for pharmacokinetic study, URith UV detection was
selected as the method of choice, Chromatograplpitm@ation and Extraction optimization to be opted
carefully to achieve the best results. The UPLGnaigation was performed by direct infusion of saduts of both
AQ and AQIS into the UPLC chamber. Other parametaush as the UV region optimization, Chromatogiaph
conditions, especiallyselection of column, composition and nature of riebile phasevere optimized through
several trials to achieve best resolution and ameehe signal 0AQ andAQIS Separation was tried using various
combinations of mobile phase with variety of columwfter that, the mobile phase was changed frommemo
aqueous phase to organic phase to obtain a fasseladtive LC method. A good separation and elutiene
achieved using 0.1% formicacid: methanol (20189 as the mobile phase, at a flow-rate of 0.2mL/ raimd
injection volume of 10ul. Chromatographic analysighe analyte and IS was initiated under isocratinditions
with an aim to develop a simple separation progédsa short run time. A simple LLE technique wa®d in the
extraction ofAQ andAQISfrom the plasma samples.
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Sel ectivity and Specificity
Chromatograms obtained from plasma spiked With(50.0 ng /ml) and AQI$10.0 pg /ml) are shown in Fig 2 and

plasma spiked witihQ (10000.0 ng /ml) and AQIEL0.0 pug /ml) are shown in Fig 3. The analysi®&\@andAQIS
was highly selective with no interfering compoufiéig 4], [Fig 5].
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Fig 3: Amlyte selectivity chromato gram for internal standard

Limits of Quantification (LOQ) and Detection(LOD)

The LOQ and LOD was found for this method is 5G@0mL100 p.g with S/N above 16.5 at the LO@ ahove
3 at the LOD.

Linearity, Precision and Accuracy

Calibration curves were plotted as the instrumesponse (peak area ra#@/AQIS)versusAQ concentration.
Calibration was found to be linear over the coneian range of 50.0 — 10000.0 ng/ml. The RSD’s ieas than
4.1%and the accuracy ranged from 98.8 to 100.8 %. Eherchination coefficients{rwere greater than 0.9981 for

all curves. These results indicate adequate rétiabind reproducibility of this method within trenalytical range
(Table 1).
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Fig 4: Selectivity chromzto gram (with 11 blank plisma lots) for atvaquane

Table 1: Calibration curves details

Spiked plasma Concentration CV (%) Accuracy %o
concentration measured(mean) (n=23)
{ng'mL) fng'mlL)= 5D
300 303 =08 1.6 100.6
100.0 988 =20 2.0 98.8
250.0 250830 1.2 100.3
500.0 303990 1.8 100.8
1000.0 99432406 4.1 99 4
2000.0 20141 =383 1.9 100.7
4000.0 3992 8 =897 22 98.8
6000.0 39456 £241.7 4.1 99.1
8000.0 801801018 13 1002
10000.0 10051.2 =311 8 31 100.5

Precision and accuracy for this method were cdettdbySS calculating the intra and inter-batchatéons at three
concentrations (150.00, 3000.00 and 7000.00 ngdQC samples in six replicates. As shown in Tabietra and
inter-day precision within 1.4 to 2.8 and 5.2 td & and accuracy within 96.5 to 100.4% and 99.10®.5% for

AQ.
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Fig §: Selectviry chwomatn sram {with 10 blank plazma lows) for 2, 3-diphenvt | - indenons.

Table 2: Precision and accuracy (spiked plasma samples at three different concentrations)

Spiked Within-run(n=6) Between-run (m=30)
plasma Concentration {%0)CV | Accuracy | Concentration | (%0)CV | Accuracy
concen- | measured (n=6) Yo measured %
tration ingmL} (m=30)
ing/mL) imean = 5.D)) (ng/mL)

(mean=S5.D)

1300 1448 =33 23 965 1522=79 32 1015
3000.0 30108=433 14 1004 | 29843 =18009 6.4 99.5
7000.0 6897 6= 192 8 28 98.5 69364 =4322 62 991

Stability (Freeze - thaw, Auto sampler, Bench top, Long term)

Quantification of theAQ in plasma subjected to 3 freeze-thaw {30 room temperature) cycles show the stability
of AQ. No significant degradation of thH&Q was observed even after 50 h storage periodseimtio sampler tray
and the final concentrations 80Q was between 98.1 to 98.4 %. In addition, the Iterg: stability ofAQ in QC
samples after 92 days of storage a’€Was also evaluated. The concentrations ranged #02.1 to 103.5% of
the theoretical values. These results confirmedsthbility of AQ in Rat plasma for at least 92 days at’€0The
bench top stability 42 h was proved @ with concentrations ranged from 103.1 to 106.6%b{&-3).

Recovery

The extraction recoveries &Q were determined at three different concentratidd® a0, 3000.00 and 7000.00 ng
/ml, were found to be 76.85 £ 7.66, 74.48 £ 5.08 @B.18 + 2.26 %, respectively. The overall avenageveries of
AQ andAQISwere found to be 75.50 + 4.98 and 69.73 + 4.54%eetbvely.
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Table 3: Stability of the Analvte in human plasma
Spiked F.oom temperature or Processed sample Long term Freeze and thaw
plasma Benchtop stabilitv Auto sampler stabilitv Stabilitv stabilitv
concentration| 42h 30 h 92 davs Cwcle 3 (48 h)
ng'mL) Concentration |(%0) CV| Concentration | (%0)CV| Concentration |[(%)CV |Concentration | ({%0)CV
measured (7=06) measured (7=06) measured (r=6) measured {r=6)
(=6} (ngmL) (1=6) (1=6) (=06}
{mean = 5.DD) (ngmL) (ngmL) ngmL)
{mean = 5 D} {mean = § D} (mean = 5 D}
1300 1546=63 41 147274 50 1531=13 09 158639 25
7000.0 7463.7=116.3 1.6 68909=1146 1.7 72481154 02 |73483=913| 1.2

Application to Biological samples

The validated method has been successfully appdieguantify darifenacin concentrations into a stadbse (4.5
mg/200g) in rats. Male Sprague-Dawley rats weraiokt from Bioneeds, Bangalore. After i.v admimistn of
drug via left femoral vein 0.2 ml of blood sampfes analytical determinations were collected via tight femoral
vein at specific time intervals for 213 h. Plasramples were stored at —3Q until analysis. The study was carried
out after approval from an independent animal stisizmmittee. The pharmacokinetic parameters evaduaere
Cmax (maximum observed drug concentration durirggdtudy), AUG.1{area under the plasma concentration—
time curve measured 213 hours, using the trapelznitlg, Tmax (time to observe maximum drug concentration),
Kel (apparent first order terminal rate constardtudated from a semi-log plot of the plasma conidn versus
time curve, using the method of least square regrels andT1/2 (terminal half-life as determined by quotient
0.693/Kel). Pharmacokinetic details were shown @bl&@ 4. The mean concentration versus time praifle
darifenacin in rat plasma is shown in Fig.6.
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Fig: 6. Mean plasma concentrations wversus time graph of Atavaquone after intravenous

administration of 4.5 mg/200g in male rat
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Table.4. Mean pharmacokinetic parameters of Atovagane in rat plasma after intravenous administrationof 4.5mg/200g male rat.

Pharmacokinetic Atovaquone
Parameter

AUC,. (ng - h/ml) 304419.1
Cmax (ng/ mL 2647.01!
AUCq., (ng - h/ml 379213.
Kel (h_1) 0.00750
Tmax (h) 0.25
Thalf (h) 92.42385

AUG,_... area under the curve extrapolated to infinity;
AUG,_; area under the curve up to the last sampling fime
Cmax: the maximum plasma concentration;
Tmax: the time to reach peak concentration;

Kel: the apparent elimination rate constant.

CONCLUSION

The Bio analytical method was developed and vaddidor the quantitative determination of Atavaquameat
plasma samples by UPLC. This method demonstratddtiug and internal standard were eluted withimiButes
with a total runtime of 8 minutes. This method destoates most simple, sensitive, selectivity, rugged
reproducible. The developed method was successfylplied in the pharmacokinetic study to evaludtsma
concentration of atovaquone in healthy male rats.
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