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Abstract
An accurate, simple and reproducible high-perforeediquid chromatographic (HPLC) method has beerld@ed
and validated for the direct separation of indi@denantiomers of Abacavir sulfate, a nucleosideense
transcriptase inhibitor for the treatment of HIWi, pharmaceutical bulk drugs. The enantiomers weselved by
normal phase chromatography, on Chiralpak IA columgnusing a mobile phase with selective compositbn
Hexane-Ethanol-Methanol-Diethylamine (DEA) (600:258D:0.1; v/v/v/v). Diethylamine, the mobile phase
additive played a very significant role in improgirthe chromatographic resolution and also in enhgnc
chromatographic efficiency, with in 20.0 min runémBaseline separation of the enantiomers of Abacaas
obtained with a resolution greater than 4. The ibgexl method was extensively validated and protseduiitability
and robustness. The developed method was founce teelective in the presence of its degradation ymisd
generated from forced decomposition studies. Téwedstrd curves for the two enantiomers were linearq.999) in
the concentration range from 0.06 pg/mL (LOQ). 1 R2g/mL for an analyte concentration of 0.5 mg/rot. éach
enantiomer. The percentage recovery(RfAbacavir was ranged from 99.3 to 100.6 in bulkgdgamples of
Abacavir. The limit of detection and limit of quéation for (R}Abacavir were 0.02 pg/mL and 0.06 pg/mL
respectively. The intra-day precision (%RSD) resulere 2.5 and 2.4, while the inter-day precisesults were 3.8
and 2.6 calculated for area responsgRjfand (S)}Abacavir, respectively. Abacavir sample solutidabdity and
mobile-phase stability were studied for 48 h aruhfbto be stable during the period. The validatethod yielded
good results of selectivity, linearity, precisioagccuracy and robustness, and was also able toveesbk
enantiomers from the USP listed impurities of Abdcaulfate.

Key-Words: Chiral HPLC, Enantiomers, Degradationdyt Chiralpak-1A, Validation and quantificationbAcavir
Sulfate

Introduction

Abacavir Sulfate, (s, 4R)-4-(2-Amino-6- Abacavir initially is phosphorylated intracellulgrto
(Cyclopropylamine)-9H-purin-9-yl) cyclopent-2-enyl) its corresponding monophosphate. Cytosolic enzymes
methanol Sulfate is used for the treatment of Aegli  convert Abacavir monophosphate to  carbovir
Immuno Deficiency Syndrome (AIDS) caused by monophosphate (CBV-MP), which is finally
Human immuno deficiency virus type-1 (HIV-1). Phosphorylated to the biologically active moiety,
Abacavir is a carbocyclic 2'-deoxyguanosine carbovir triphosphate (CBV-TP). CBV-TP inhibits
nucleoside reverse transcriptase inhibitor (NRTgtt HIV reverse transcriptase by competing with the
is used either as a 600-mg once-daily or 300-mgetwi endogenous substrate dGTP and by chain termination,
daily regimen exclusively in the treatment of HIV-1 subsequent to incorporation into the growing
infection [1-2]. Abacavir interferes with the agtiof  Polynucleotide strand [3].

an HIV protein called reverse transcriptase, whin ~ Drug manufacturers have successfully exploited the
virus needs to make new copies of it. stereoselectivity of drug action in developing $ing

enantiomer versions. Single-enantiomer versions of
drugs often have the advantage of increased efficac
and reduced side effects. Pharmaceutical acceptance
has not been established for Abacavir with the laibso
configuration of 1R, 4S on the cyclopentene ririg.

* Corresponding Author
E.mail: sunkara.pavani@gmail.com,
Pavanij@drreddys.com

Int. J. of Pharm. & Life Sci. (IJPLS), Vol. 4, Issue 10: Oct: 2013, 3043-3053
3043



Research Article [Jagu et al., 4(10): Oct, 2013]
CODEN (USA): IJPLCP ISSN: 0976-7126

the last few years the interest in generating ildial received from Process Research Department of Custom
enantiomers has become a priority for the Pharmaceutical Services, Dr. Reddy's Laboratories
pharmaceutical industry, with many of the top-sgjli  Ltd., Hyderabad, India. Structures are represeined
drugs in the world now being sold in the enantidmer Fig-1. Other USP listed impurities (Imp-A, Imp-D)
form [4]. Separation of enantiomers has become verywere not possible to form in the synthetic routedusy
important in the analytical chemistry, especially i Process R&D, so these impurities were not consitlere
pharmaceutical and biological fields; as some stere for this study. HPLC grade Hexane and Methanol were
isomers of drugs have quite different pharmacolinet purchased from Merck (Mumbai, India). Analytical
properties, different pharmacological or toxicolaji reagent grade Ethanol was purchased from Jiangsu
effects, and due to cost benefit ratio of enangéiben  Huaxi International Trade Co.Ltd (Jiangsu, Chinajl a
drugs [5]. The preparation of single enantiomers oranalytical grade Diethylamine was purchased from
enantiomerically pure forms of drugs have been Spectrochem Pvt Ltd (Mumbai, India).

performed by monitoring and controlling by enantio- Instrumentation

selective HPLC methods that use chiral stationaryAn Agilent 1200 series liquid chromatographic syste
phases based on proteins , cyclodextrin, and on(manufactured by Agilent Technologies, Waldbronn,
derivatives of cellulose and amylose [6-7]. A few Germany) with variable wavelength (VWD) detector
HPLC methods have been reported in the literatore f was used. The output signal was monitored and
determination of Abacavir in plasma, simultaneous processed using chemstation software (designed by
determination with other antiretroviral products1[@], Agilent Technologies, Waldbronn, Germany) on
in pharmaceutical dosage forms, in human serum [11] Lenovo computer (Digital equipment co.). Waters
in biological matrices [12], by electrochemical Alliance LC system equipped with 2695 separation
determination [13], by UHPLC [14] and for module, a 2996 photo diode array detector was fosed
enantiomeric determination of Abacavir [15]. specificity study for the determination of peak ipur

So far to our knowledge, no chiral HPLC method has The output signal was monitored and processed using
been reported for quantitative determination of(fRe millennium  chromatography - manager  software
Abacavir in bulk drug ofS)}Abacavir on immobilized = (Waters) on Lenovo computer (Digital Equipment Co).
chiral stationary phase, which is compatible witle t = Sample preparation

whole range of organic solvents. The option to ase Stock solutions of(S}Abacavir sulfate (0.5 mg/mL)
wide range of solvents in the mobile phase enahkes = and (R)}-Abacavir sulfate (0.2 mg/mL), were prepared
enhancement of chiral separation methods in terims oseparately by dissolving the appropriate amounthef
enantio-selectivity, resolution, analysis time, pan  substances in methanol: mobile phase (1:1, vive Th
injection and sample solubility. Therefore, in pséan analyte concentration ¢6)Abacavir sulfate was fixed

of a racemic switch, it would be useful and impeemt as 0.5 mg/mL. Working solutions ofR)-Abacavir

to develop a simple and suitable method for thesulfate and (S)Abacavir sulfate were prepared in
measurement ofR)}Abacavir in bulk(S)}Abacavir to mobile phase. Impurities stock solutions were prega
be adapted for routine and in-process quality @dntr in methanol at 0.2 mg/mL concentrations.

analysis or similar studies. In the current invgestion; Results and Discussion

a simple, rapid, sensitive, selective and accuratey;ehod development

method fo_r _the guantitation of |nd_|V|duaI enantioge Tpe objective of this study was the separation and
of Abacavir is reported. The enantiomers were k&bl accyrate  quantitation of Abacavir sulfate and  its
on a Chiralpak IA chiral column with a mobile phase \stenial chiral impurity R-enantiomer) using normal

cons.isting _ of  Hexane-Ethanol-Methanol-DEA nhaqe chromatography on amylose or cellulose based
(600.250.150.0.1 V/V/V/V). The method was also d@ble chiral Stationary phases. The allowable limit (at)_

separate the known process impurities listed in USPisomer in Abacavir sulfate bulk drug is 0.2 % wilihe
and degradation impurities from the enantiomers of -hiral impurity R-enantiomer) was found to be absent

Abacavir. in the Abacavir sulfate samples selected for test
Material and M ethods A solution of (S)-Abacavir sulfate spiked with 0.2% of
Chemicals and Reagents (R}Abacavir, prepared in mobile phase was used

Abacavir sulfate and its pure enantiomer were werki  during the method development study. To develop a
from Process Research Department of  CustomU99€d and suitable liquid chromatographic metiud f
Pharmaceutical Services, a business unit of Dr.the separation of Abacavir enantiomers, different
Reddy’s Laboratories Ltd., Hyderabad, India. USP Mobile phases and stationary phases were employed.
related impurities; Imp-E, Imp-C and Imp-B werecals Different chiral columns were employed during the
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method development, namely Chiralpak AD-H, adequate for the analysis to be performed. Theesyst
Chiralcel OD-H, Chiralcel 0OJ-H, Chiralpak AS-H, suitability test results of the chiral LC method on
Chiralpak IC and Chiralpak IA. All the columns ckos  Chiralpak IA column are presented in Table-2.

for the study were of 250 mm length, 4.6 mm intérna Specificity

diameter and of 5 um particle size. Specificity is the ability to assess unequivocdlhg
The CSP present in Chiralpak IA column is the analyte in the presence of components which may be
immobilized selector tris-(3, 5-dimethyl phenyl expected to be present; such as impurities, degtada
carbamate) derivative of amylose bound to silich ge matrix, etc (ICH Q2(R1) 2005) [20]. The ability to
(Fig-3). The separation of enantiomers on Chiraligak  separate all the compounds was assessed by the
column could be due to the interaction betweenresolution between the peaks corresponding to the
abacavir and polor carbamate group of the CSP. Thevarious substances. The specificity of the anaytic
carbamate derivative of polysaccharide probablisati method was evaluated by the analysis of a solution
the specific derivative functional groups of analjor containing Abacavir enantiomers and its related
chiral interactions. The carbamate group of the CSPsubstances. Abacavir specificity solution was prega
can interact with abacavir enantiomers through by spiking R)enantiomer, USP listed impurities B, C
hydrogen bonding using its C=0O group with N-H or and E at specification level i(S)Abacavir sulfate
OH group which are present on the solute. Wainer etanalyte solution. This specificity solution waseicied

al. [16] reported that solutes having aromatic in a HPLC system equipped with PDA detector. The
functionalities could provide additional stabiligin  resolution between the enantiomers and other known
effect to the solute-CSP complex by insertion af th impurities was recorded. Two enantiomer peaks were
aromatic portion of the solute into the chiral ¢gwnd also checked for peak purity spectra, which shell b
due to the resonance generated by the hydrogempure to ensure that there is no interference ofakno
bonding. In Abacavir, this type of stabilizationfesit impurities in the analyte peaks (Fig-4).

may also exist due to the presence of the aromaticSpecificity of the method was also checked by
functionality.  Chiral discrimination between the performing the forced degradation ¢§)Abacavir
enantiomers is due to the difference in their stBtiin sulfate. Sample was exposed to 200 Watt hoursfsqua
the chiral cavities. Steric discrimination appakgetn meter of UV light; 1.2 million lux hours visibleght

be affected by a difference in the “lock and kelyof for photolytic degradation, and subjected to 105irfC
enantiomers into the chiral cavities within the oven for 7 days for thermal degradation. Acid, base
polysaccharide structure [17-19]. The method oxidative degradations of Abacavir sample were
development trials and results are presented ifeThb  performed to demonstrate the specificity of thehodt
Typical chromatogram indicating the separation of The exposed samples were tested for peak purity of
Abacavir from its enantiomer is shown in Fig-2. enantiomer peaks using photo diode array dete2fior [
Optimised Chromatographic conditions 22]. Resolution between close eluting degradankgpea
Analytical chromatographic separations were carriedand enantiomer peaks was recorded (Fig-6).

out on a Chiralpak IA column (250 mm x 4.6 mm, 5 Limit of Detection and Limit of Quantitation

um, Daicel make) safe-guarded with a 10 mm x 4.0The limit of detection (LOD) represents the
mm, 5 um guard column. The mobile phase consistedconcentration of analyte that would yield a sigtl

of Hexane-Ethanol-Methanol-Diethylamine noise ratio of 3. The limit of quantitation (LOQ)
(600:250:150:0.1; v/v/viv). The flow rate was sell® represents the concentration of analyte that wyielid
mL/min and the column was maintained at 25°C. Thea signal to noise ratio of 10. The LOD and LOQ were
injection volume was 10 pL, with a sample loadirfig o determined by injecting a series of dilute solusiarf
0.005 mg. The auto-sampler temperature was(R) and (S)}Abacavir sulfate. The precision of this
maintained at controlled temperature of 25°C arel th method at LOQ concentration was checked by
detection was carried out at a wavelength of 220 nm analyzing six LOQ solutions afR) and (S}Abacavir
The mobile phase was filtered through a 0.45 umBPTF sulfate, and the percentage relative standard fiewvia
filter (Millipore, USA) and degassed by sonicatjoist of area was calculated. The limit of detection ()OD

before use. and limit of quantitation (LOQ) concentrations were
Method validation calculated to be 20 ng/mL and 60 ng/mL {@j}-isomer
System suitability test (Fig-5). The %RSD for precision ¢R)}enantiomer at

System suitability test is an integral part of limit of quantitation was 6.1%; whereas the peragat
chromatographic method and is used to verify that t recovery of(R)-enantiomer at limit of quantitation was
resolution and reproducibility of the system are
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91.8, in the spiked Abacavir sulfate sampla@he
results are tabulated in Table-6.

Precision and repeatability

The linearity of an analytical procedure expreses

closeness of agreement among a series
measurements obtained from multiple samplings ef th
same homogeneous sample under
conditions.

measuring the repeatability (intra-day precision a
intermediate precision (inter-day precision) otrgion
times and peak areas for Abacavir sulfate enantieme
The intra-day variability was performed by injectin
six separate preparations of 500 pg/i8)Abacavir
sulfate spiked with 0.2% of it&®R)}-enantiomer by same
analyst over a day, while intraday precision wasied

[Jagu et al., 4(10): Oct, 2013]
ISSN: 0976-7126

(0.2%). The percentage recovery (B)enantiomer in
bulk drug samples was ranged from 99.3 to 100.6 at
various concentration levels. The results are ttbdl

in Table-3.

ofRobustness

The capability of the method to remain unaffectgd b

prescribedsmall deliberate variations in the method pararseter
Method precision was determined by was studied in order to anticipate the problemg tha

may arise during the regular application of the
developed method. To determine the robustnesseof th
method experimental conditions were purposely edter
and chromatographic resolution between Abacavir
sulfate and(R)}-enantiomer was evaluated. The flow
rate of the mobile phase in the method is 1.0 mh/mi
To study the effect of flow rate on the resolutioh

out similarly, by another independent analyst on aenantiomers, it was changed by 0.2 units from 6.8 t

column from different lot and on a different ingtrent
over 3 days. The relative standard deviation ofaint
day and inter-day repeatability experiments for
Abacavir sulfate angR)-enantiomer was found to be
2.4 and 2.5% respectively, indicating good precisib
the method (Table-6).

Linearity

The linearity of an analytical procedure is its liapi
(within a given range) to obtain test results, whare
directly proportional to the concentration of thebte
in the sample. The linearity evaluation was peridm
with the standard solutions dR) and (S)}Abacavir

1.2 mL/min. To study the effect of variation in the
mobile phase composition on the resolution of the
enantiomers, it was carried out using 625:235:140:0
(viviviv) and 575:265:160:0.6 (v/v/ivl/v) of Hexane-
Ethanol-Methanol-Diethylamine. The effect of column
temperature on resolution was studied at 20 °C3&nd
°C instead of 25° C, while the other mobile phase
components were held constant. The effect dubdo t
variation in the wavelength on resolution was stddi
at 218 nm and 222 nm instead of at 220 nm. The
resolution between critical pair, i.e. for Abacavir
sulfate and(R)enantiomer in all the above varied

sulfate at the concentrations ranging from 60 ng/mL conditions was greater than 3.5, indicating thehoet

(LOQ) to 2000 ng/mL prepared in mobile phase from
the respective stock solutions. The peak area®nesp
of (R) and(S)Abacavir sulfate were plotted against the
corresponding concentration and the linear regrassi
equations were computed. Good linearity (correfatio
coefficient R=0.999) was observed for Abacavir
sulfate, and(R) enantiomer over the concentration
range tested, with the linear regression equatjors
199.35x + 1.286 and y = 186.71x + 0.6558,
respectively. The results show that good corratatio
existed between the peak area and concentration.
Accuracy of (R)-Abacavir sulfate.

robustness. The %RSD of resolution between Abacavir
and (R)enantiomer was less than 10 in all altered
chromatographic conditions. The robustness resuds
listed in Table-4.

Solution stability and mobile phase stability

Stability of Abacavir sulfate sample solution smlke
with (R)}-enantiomer at specification level (0.2%) was
studied by keeping the solution in tightly capped
volumetric flask at room temperature on a labosator
bench for 48 h. Content ofR)}-enantiomer was
checked for every 6 h interval up to the studyqmbri
Mobile phase stability was carried out by evaluatin

The Abacavir sulfate bulk drug sample, provided by the content of(R)-enantiomer in Abacavir sample

Process Research Department of Dr.
Laboratories, showed the absence(R}-enantiomer.

Reddy’ssolutions spiked with(R)-enantiomer at specification

level, which were prepared freshly at 6h interval f

Standard addition and recovery experiments were48h, while the same mobile phase was used durimg th
conducted to determine the accuracy of the presenstudy period. No significant variation in théR)

method for the quantitation ¢R)-enantiomer in bulk
drug samples. The quantitation study fqR)
enantiomer in the developed LC analytical methad fo

enantiomer content was observed in Abcavir sample
during solution stability and mobile phase stapilit
experiments. Hence Abacavir sample solution and

Abacavir sulfate drug substance was evaluated inmobile phase are stable for 48 h. The resultsisted|

triplicate by recovery study of impurity spikedla®Q

level and at 50%, 100% and 150% of target analyte

concentration with respect to the specificationelev

in Table-5.
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Conclusion
A new, accurate, sensitive and selective normas@ha

chiral LC method was described for the determimatio 10.

of Abacavir sulfate and it'$R)}-enantiomer. Chiralpak
IA, with an amylose based chiral stationary phase,

immobilized on a silica matrix was found to be 11.

selective for the enantiomers of Abacavir sulfé&8]]
The introduction of diethylamine in the mobile phas
has played an important role in improving the
chromatographic  efficiency and
resolution. The method was completely validated
showing satisfactory data for all the method vdlata

parameters tested (Table-6). The developed method i13.

stability indicating and can be used for the guatitie
determination of chiral impurity(R}-enantiomer in

Abacavir sulfate bulk drug material. Communication 14.

number IPDO IPM - 00277 has been allotted for this
research article in the research laboratory
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Abacavir sulfate
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cyclopent-2-en-1-yl)methanol yl)cyclopent-2-en-1-yl)methanol hydrochloride

Fig 1. Chemical structure of Abacavir sulfate, (R)-enantiomer and known impurities (USP)
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Fig 4. Specificity in presence of known impurities
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Fig 5: Typical chromatogram of Abacavir enantiomersat LOD and LOQ level
Table 1: Method development summary

Trial Chromatographic conditions Remarks

Column: Chiralpak AD-H (250mm x4.6mm, 5u Poor retioh between pair of
! Mobile phase : hexane —IPA (80:20; v/v), Flow rdt® mL/min enantiomerisgeaks~Rs <1.5)

Column: Chiralpak AD-H (250mm x4.6mm, 5u Good separation observed (Resolutjon
2 Mobile phase : hexane —ethanol-methanol (80:10vA); Flow | ~6.0, but with higher retention time

rate : 1.0 mL/min and broad peak shape.

Column: Chiralcel OD-H (250mm x4.6mm, 5u Good separation observed (Rs ~1{8)
3 Mobile phase: Hexane —ethanol-methanol (80:10:16yw Fate | with early elution (~15 min). But peals

:1.0 mL/min were broad (Tailing ~1.9).

Column: Chiralcel OJ-H (250mm x4.6mm, 5u No resolution observed and with
4 Mobile phase : hexane -ethanol- methanol (80:10:A8v) broader peak shape.

Flow rate :1.0 mL/min

Column: Chiralpak AS-H (250mm x4.6mm, 5u No resolution and observed broad peak
5 Mobile phase : hexane -ethanol- methanol (80:10:A@y) shape

Flow rate :1.0 mL/min

Column: Chiralpak IC (250mm x4.6mm, 5u Abavcavir and R-isomer werge
6 Mobile phase : hexane -ethanol- methanol (80:10:A@y) resolved, but with very broad peak

Flow rate :1.0 mL/min shape and high tailing factor.

Column: Chiralpak IA (250mm x4.6mm, 5u Good separat (Resolution ~2.1)
7 Mobile phase : hexane -ethanol - methanol (80:10:A0v) with earg@ltion (~14 min) and tailing

factor (~1.5)

Flow rate :1.0 mL/min

Column: Chiralpak 1A (250mm x4.6mm, 5p Mobile phase Better separation (Resolution >4); with

hexane — ethanol — methanol - DEA (600:250:150N1\By/v) optimum retention (~6-7 min) and
8 ) : : "

Flow rate :1.0 mL/min symmetric peak shape (Tailing factpr

~1.2)
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Table 2: System suitability results

[Jagu et al., 4(10): Oct, 2013]
ISSN: 0976-7126

Column Compound k Rs N T a
Chiralpak 1A (R)}enantiomer 5.2 --- 9433 1.1 --
Abacavir sulfate 6.2 4.08 8188 1.2 1.2

k=capacity factor; Rs=USP resolution; N= numbertb&oretical plates (USP tangent method); T=USRFngil

factor; a=enantio-selectivity

Table 3: Recovery results of (R)-enantiomer in bulk drug samples

Added (ng) n=3 Recovered (ng) % Recovery %RSD
502 498 99.3 1.7
1005 1003 99.8 0.5
2010 1889 100.6 1.0

Table 4: Robustnessresults
Parameter USP resolution between Abacavir %RSD
and (R)-isomer
Flow rate (mL/min)
0.8 3.7
1.0 4.1 9.4
1.2 3.4
Column temperature (°C)
20 35
25 4.1 9.4
30 3.5
Mobile phase composition
(Hexane -Methanol - Ethanol —DEA; v/viviv)
625:235:140:0.45 3.9
600:250:150:0.5 4.1 6.5
575:265:160:0.55 3.6
Wavelength variation (nm)
218 3.7
220 4.1 9.4
222 3.5
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Table 5: Solution stability and mobile phase stability results

[Jagu et al., 4(10): Oct, 2013]
ISSN: 0976-7126

I nterval(h) % (R)-enantiomer % (R)-enantiomer
(solution stability) (mobile phase stability)
Initial 0.23 0.22
6 0.22 0.23
12 0.23 0.22
18 0.21 0.23
24 0.22 0.21
48 0.23 0.22

Table 6: Validation summary

Validation parameter Results
Repeatability (n=6, %RSD)
Retention time R-enantiomer) 0.03
Retention time $-enantiomer) 0.02
Peak areaR-enantiomer) 2.5
Peak areagenantiomer) 2.4
Intermediate Precision(n=6, %RSD)
Retention time R-enantiomer) 0.8
Retention time $-enantiomer) 0.8
Peak areaR-enantiomer) 3.8
Peak areagenantiomer) 2.6
LOD-LOQ (R-enantiomer)
Limit of detection (ng/mL) 20
Limit of quantitation (ng/mL) 60
Precision at LOQ (%RSD) 6.1
Linearity (R-enantiomer)
Range (ng) 62 - 2011
No. of points 6
Correlation coefficient 0.999
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Fig 6: Specificity in presence of degradation products
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