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ABSTRACT

A simple, rapid, precise, and accurate stabilitgicating, reversed phase (RP) HPLC assay method was
developed and validated for simultaneous estimadiobamivudine (3TC) and Stavudine (d4T) in bulk
drugs and commercial tablets. The method has stameguate separation of 3TC and d4T from their
degradation products. Separation was achieved #&maamasil C8 (250mmx4.6mm i.d;/&m) column at

a detection wavelength of 265nm, using a mobilespheonsisting of acetonitrile—0.02M ammonium
acetate buffer (pH 4.5) in a gradient elution madea flow rate of 1 ml/min. The retention times for
lamivudine and stavudine were found to be 13.66 &6l min respectively Lamivudine (3TC),
stavudine (d4T) and their combination drug prodwete subjected to acid, base and neutral hydraolysis
oxidation, thermal and photolytic stress conditicausd the stressed samples were analyzed by the
proposed method. Validation of the method wasiedrout as per ICH guidelines. Quantitation was
achieved with UV detection at 265 nm based on pesk with linear calibration curves at concentratio
ranges 2.5-50g/ml for 3TC and 0.5-1@/ml for d4T (R> 0.9999 for both drugs). The limits of detection
were 0.82 pg/ml and 0.33 pg/ml for lamivudine atadisdine, respectively. The method was found to be
specific and stability indicating as no interferipgaks of degradants and excipients were observae.
proposed method is hence suitable for applicatioquality-control laboratories for quantitative alyais

of both the drugs individually and in combinationsdge forms, since it is simple and rapid with good
accuracy and precision

Key Words: Stavudine, Lamivudine, RP-HPLC, Stability indicgtiassay, Forced degradation,
Method Validation.

INTRODUCTION
Lamivudine is chemically [(2R, cis)-4-Amino-1-[2)@iroxymethyl)-1, 3-oxathilan-5-yl]-(1H)-

pyrimidin-2-one; 3TC] Fig. 1). It is a nucleoside reverse transcriptase inbibiNRTI) with
activity against HIV-1, a causative agent of acgdirmmune deficiency syndrome (AIDS) and
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Hepatitis B viruses [1-3]. Stavudine is chemicall¥-[(2R, 5S)-5-(hydroxymethyl)-2,5-
dihydrofuran-2-yl]-5-methylpyrimidine; d4T]Hig. 1). It is a synthetic thymidine analogue with
potent inhibitory activity against HIV-1 in vitro4]. Since therapy with NRTIs for treatment
against HIV-1 results in rapid development of HI@ams, co-administration of other
antiretroviral therapies is necessary [5, 6].The DEpartment of Health and Human services’
current guideline for treatment of established khiféction strongly recommends lamivudine in
combination with stavudine and other NRTIs [7].

O

NH; HsC

1 N

O ]

-
Ho \/ J X
S

3TC daT
Fig.1 Chemical structuresof Lamivudine (3TC) and Stavudine (d4T)

OH

Forced degradation of lamivudine (3TC) was studigdsome workers and the degradation
products were analyzed by HPTLC. 3TC was repoudaet unstable to acidic, basic, oxidative,
and wet heat, and photolytic stress conditions [BYe degradation products of 3TC were
reported in the literature under different streeaditions analyzed by LC, LC-MS/TOF, and
MS" [9]. However some impurities of 3TC were described the draft monograph of
International Pharmacopoeia [10]. A variety of agtiedl methods were reported for
determination of 3TC in different dosage forms adlwas in biological samples, viz., blood,
urine, plasma, serum, etc. The techniques empléyethe analysis include HPLC [11-16] and
LC-MS [17, 18]. Mandloi et al, reporteah in vitro dissolution study of Lamivudine in budkug
and tablet formulations [19Fudha et al, have developed a U.V. Spectrophotamatethod for
simultaneous estimation of lamivudine and abacsawiphate [20]. Stavudine (d4T) has been
reported to be unstable in acidic, alkaline, neutradrolysis, oxidation [21, 22]. Only one
degradation product i.e. thymine was reported terdiure. However some impurities of d4T
were also described in the draft monograph in hateonal Pharmacopoeia [23].A number of
reports exist on procedures for determination &f oMbulk drugs, and biological fluids, such as
plasma, serum and urine [24-29].

A thorough literature search revealed that only fewthods i.e., HPLC and derivative
spectrophotometry for simultaneous determinatioBTE and d4T in fixed dose combinations
were reported [30-33]. However, these methods $séakility indicating nature. Also, none of the
reported procedures enable analysis of both thgsdin pharmaceutical dosage forms in
presence of their degradation products [34-36lhénpresent investigation, an attempt was made
to develop a simple, rapid, precise and accuratalgy indicating RP-HPLC assay method for
simultaneous estimation of 3TC and d4T in preseoteheir degradation products. This
proposed method can be successfully employed falitgicontrol during manufacture and for
assessment of the stability of both drugs in balkgles and combined dosage forms
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EXPERIMENTAL SECTION

Chemicals and Reagents

Lamivudine [99.8%w/w] and stavudine [99.9%w/w] wetenated from Hetero Drugs Limited
[Hyderabad, India]. Lamistar-30 tablets containlcggmivudine-150 mg, and Stavudine-30 mg
were purchased from Hetero pharmacy (Hyderabadg)in@lass—distilled and de-ionised water
[Nanopure, Barnsted, (USA)], HPLC- gradient gradetanitrile [Qualigens Fine-Chemicals
(Mumbai, India)] and ammonium acetate and glacial acetic acid alytoal- reagent grade

[M/s SD Fine Chemicals (Mumbai, India) ] were us8ddium hydroxide, hydrochloric acid and
hydrogen peroxide were of analytical-reagent grfaden Qualigens Fine Chemicals (Mumbai,
India).

Apparatus and Equipments

Shimadzu HPLC system consisted of an on-line dega@GU-20A3), pressure pump (LC-
20AT), UV-visible dual-wavelength detector (SPD-20A system controller (SCL-10AV) and
LC-SOLUTION software version 1.11SP1 (all modulesni Shimadzu, Kyoto, Japan).
Kromasil G column (250 mm x 4.6 mm i.d., particle siz@rh) was used. Precision water baths
equipped with MV controller (Julabo, Seelbach, Gang) were used for solution degradation
studies. Accelerated stability studies were cardetlin humidity (KBF720, Binder, Germany),
and photostability (KBWF 240, WTC Binder, Germaciambers both set at 40 °C + 1 °C/75%
RH + 3% RH. The photostability chamber was equippét an illumination bank on inside top
consisting of a combination of two black light Ushhps (OSRAM L18 W/73) and four white
fluorescent 17 lamps (OSRAM L18 W/20), all in actamce with ‘Option 2’ of ICH guideline
Q1B [37]. Both fluorescent and UV lamps were putsimultaneously. pH/lon analyser (MA
235, Mettler Toledo, and Schwerzenbach, Switzejlavets used to adjust and check the pH of
buffers and other solutions. Other equipments wsex ultra-sonicator (model 3210, Branson
Ultrasonics Corporation, Connecticut, USA), anabti balance (Mettler Toledo,
Schwerzenbach, Switzerland) and auto pipettes (ifgp€&€ Hamburg, Germany).

Chromatographic conditions

An effective Chromatographic separation of compasumwdas achieved on Kromasil C-8
(250mmx4.6mm i.d; om Particle size) column with gradient elution usaggtonitrile (A), and
ammonium acetate buffer (B) (0.02 M, pH 4.5 adjddig glacial acetic acid) as Mobile phase.
The optimized gradient elution program is listedTeible |I. The Mobile phase was pumped at
rate of ImL/min. Before use, it was filtered throum 0.45 um Chrom Tech Nylon-66 filter and
degassed in an ultrasonic bath. The column temperatas maintained at 25°C by use of the
column oven. The injection volume 20 pl was used elments were monitored using the Dual
wavelength detector set at 265 nm.

Preparation of Stock and Standard Solutions

Standard stock solutions (Img/mL) of 3TC and d4Tewwepared in deionized water as both of
the drugs are freely soluble in water. Each stadit®on was diluted with mobile phase (B) to
obtain various concentrations of each compoundinge of 2.5-5Qug/mLfor 3TC and 0.5-10
ug/mL for d4T.These solutions were used to calcuthie linear dynamic range and for the
relative quantification of the tablets. The diluteolution was filtered through 0.22 pm Nylon
membrane syringe filter and of which 20 ul wasdtgd for HPLC analysis. All solutions were
stored at 2-&, protected from light using aluminum foil and wdarought to room temperature
before use.
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Sample Preparation for Tablet Assay

Twenty tablets were weighed and finely powdered.aimount of tablet powder equivalent to
250 mg of 3TC, and 50 mg of d4T were accuratelygived, transferred into a 250 ml volumetric
flask and to this, 100 ml of deionised water wadeatd The mixture was subjected to sonication
for 30min for complete extraction of drugs, and #wdution was made up to the mark with
deionised water to obtain a nominal concentratior8BC and d4T as 1 and 0.2 mg/mL,
respectively. The solution was then diluted withbife® phase (B) to yield concentration of 25
pg/mL for 3TC and 5 pg/mL for d4T.The diluted s@auatwas filtered through 0.22 pum Nylon
membrane syringe filter and of which 20ul was itgeddor HPLC analysis

Method Validation
The analytical method was validated for variousapaaters as per ICH guideline [38].

For ced Degradation Study/specificity

To determine whether the method was stability-iatigg, combined tablet dosage forms and
active pharmaceutical ingredient (API) powder ofhbthe drugs were stressed under different
conditions to promote degradation [30]. Regulamgmdance in ICH Q2A, Q2B, Q3B and FDA
21 CFR section 211 requires the development anidlatedn of stability-indicating potency
assays.

Solutions used in forced degradation studies wegpgred by dissolving APl and drug product
in small volumes of HPLC-grade water and then giptwith aqueous hydrogen peroxide,
HPLC-grade water, aqueous hydrochloric acid, oreaga sodium hydroxide to achieve final
concentrations of 1.0 mg/mL for 3TC and 0.2 mg/roL d4T. After degradation, the solutions
were diluted with mobile phase (B). Solutions fgeun oxidation studies were prepared in water
and 30% H202 (20:804/v) and kept at room temperature. The resulting ssiulvas analysed
after 48 hrs.

Solutions for acid degradation studies were prepanewater and 0.1 M hydrochloric acid
(20:80,v/v) and the resulting solution was heated at 80°CGzuneflux for 48 hrs. Solutions for
alkaline degradation studies were prepared in watdr0.1 M sodium hydroxide (20:8@8y) and

the resulting solution was heated at 80°C undeuxefor 48 hrs. Solutions for neutral
degradation studies were prepared in water andethdting solution was heated at 80°C under
reflux for 72 hrs.

To study the effect of thermal stress, combinatiourg product and API powder were exposed to
dry heat (100°C) in a convection oven for 10 dayse samples were then removed from the
oven, twenty tablets were crushed and thoroughkedjiand amounts of powder equivalent to
the weight of 250 mg of 3TC and 50 mg of d4T waheted with mobile phase (B) to yield final
concentration of 2hg/mL for 3TC and qug/mL for d4T and analysed in HPLC.

To determine the effects of irradiation on both dnegs in solution and solid state, combination
drug product, API powder, and solutions of bothgdrwere exposed to UV and fluorescent light
[33]. Approximately 100 mg API powder was spreadaoglass dish in a layer of 1 mm thick. A
solutions of 3TC (1 mg/mL) and d4T (0.2 mg/mL) werepared by dissolving API powder in
deionised water. Tablets were prepared in the same The solutions and solid drugs for
photostability testing were placed in a photostgbidhamber and exposed to1.2 » 1 hr of
fluorescent light and 200 watt hr rof UV radiation 320-400 nm for 10 days. After m@val
from the light cabinet, the samples were dilutedhwmobile phase (B) to yield final
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concentration of 2g/mL for 3TC and sug/mL for d4T and analysed in HPLC. Dark control
was run simultaneously.

Linearity

The linearity of the method was determined in cotregion range of 2.5-50 pg/molr 3TC and
0.5-10 pg/mifor d4T. Each solution was injected in triplicatéhe peak area versus
concentration data of both drugs was treated kst lEguares linear regression analysis. Linearity
was checked over the same concentration rangerea tonsecutive days.

LOD and LOQ

The limit of detection (LOD) and quantitation (LO@r both 3TC, and d4T were determined
using standard deviation method according to ICHejine Q2 (R1) [34]. LOD was defined as
3.3r/S and LOQ was 10r/S based on ‘standard dewiati the response and average slope’ of the
calibration curve around target concentration [39].

Precision

Intra-day precision (repeatability), as RSD (%) wwagestigated by injecting threeeplicate
samples of each of 3TC and d4T at three differavels (80% 100% 120% of target
concentration). Intermediate precision (inter-dayas evaluated by monitoring on three
consecutive days in the same laboratory.

Accuracy, as Recovery

Accuracy was evaluated in triplicate, at threeet#ht concentrations equivalent to 80, 100, and
120% of the target concentration of active ingretliby adding a known amount of each of the
standard to a sample of known concentration of hiotlys and calculating the recovery, RSD
(%) for each concentration.

Robustness

To evaluate the robustness of the method, the diagraphic conditions were deliberately
altered and degree of reproducibility was evaluaf@gring robustness testing each condition
was varied separately, all other conditions beirgd hconstant at the optimized values.
Robustness of the proposed method was assessedegjitbct to small alterations in the buffer
concentration (0.02 £ 0.005 M), the pH value (4.6.%), flow rate (1.0 £ 0.1mL/min), and RP
C8 columns (Phenomeri@and Kromast).

Solution Stability
Stability of solutions during analysis was demcetstl by analysis of stock solutions over a
period of 2 weeks at°@. For short term stability the working solutionsre analyzed after 48
hrs at room temperature storage. The results wargared with those obtained from freshly
prepared standard solutions.

RESULTSAND DISCUSSION

HPL C method development and optimization

Most of all reported HPLC methods till date use @8C-18 columns. Most of these use
complex mobile phase compositions. Hence, attempte directed towards development of a
simple and better method on commonly used C8 colwitin good resolution. Different logical
modifications were tried to get good separation @gnthe drugs and the degraded products.
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These changes included change in buffer pH, mgibidsse composition, and molarity of acetate
buffer in isocratic as well as gradient elution reean different C8 columns

Tablel RP-HPLC gradient elution program

Time (Min) | %Mobile phase A %Mobile phase|B
0.01 99 1
10 90 10
15 99 1
20 (stop) 99 1

Table |l Resultsfrom Forced degradation Studies

The chromatographic conditions were finally optiedzon Kromasil C8 column (5 pm, 250 mm
length X 4.6 mm i.d.) with gradient elution of migbiphase composed of acetonitrile and

ammonium acetate buffer (0.02M, pH-4.5 adjustedhwitetic acid) at flow rate of 1 ml/min.
Under these conditions, peaks of 3TC, and d4T wetkdefined and free from tailind=(g. 2).

205

Stavudine (d4T) Lamivudine (3TC)
Stress conditions and duration Degrea;kastlon %Degradation Degradation peaks %Degradation
Solution State Forced Degradation Studies
Neutral/Deionized water/80°C reflux/72 h TH 100.0 - 0.0
Acidic/0.1 M HCI/80°C reflux/48 h TH 78.8 LILV 23
Basic/0.1 M NaOH/80°C reflux/48 h TH 20.0 LILV 50
Oxidizing/30% HO,/RT/48 h TH 33.9 i, Iv 25.1
Photolysis/UV light, Deionized water/40°C-75%RH/days TH 25.7 - 0
Solid State Forced Degradation Studies
Thermal/100°C/10 days - 0.0 - 0.0
Photolysis/UV light/40°C-75%RH/10 days - 0.0 - 0.0
Tablelll Resultsfrom Regression line analysis
Parameters 3TC daT
Linearity range {g/ml) 2.5-50 0.5-10
Regression line equation  y =50416x + 14445 y =50994565
Correlation coefficientr{ 0.9999 0.9999
No of data points 7 7
LOD (ug/ml) 0.8 0.3
LOQ (ug/ml),%RSD 2.5,0.66% 0.5,0.78%
Table 1V Resultsfrom Accuracy/recovery studies
Drug Component Level (()(;)?dd'tlon Target Concentration AArgglégt %Resc.%v.eryi %RSD
80 20 99.6+0.75 0.76
3TC 100 25 25 100.3+0.27 0.27
120 30 98.1+0.36 0.36
80 4 99.6+0.79 0.79
daT 100 5 5 99.94+0.53 0.53
120 6 100.3+0.98 0.98
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Method Validation

The analytical method was validated with respecipémameters such as linearity, limit of
guantitation (LOQ), limit of detection (LOD), pre@dn, accuracy, specificity, robustness and
system suitability as per ICH guideline [34].

Table V Resultsfrom determination of precision of proposed method

Day of analysis| % Recovery+SD; %RSD
Intraday Precision
3TC (in ug/ml) 20 25 30
Day 0 100.2+0.10; 0.10 100.0+0.18; 0.18 100.2+00B86
Day 1 100.6+1.03; 1.02 101.2+0.70; 0.f0  99.8+00684
Day 2 100.240.54, 0.54 101.4+0.64; 0.63 100.9+11084
d4T (in pg/ml) 4 5 6
Day 0 100.0+0.17; 0.1Y 100.1+1.00; 0.p4  99.3+000@7
Day 1 99.1+0.67; 0.67 101.8+0.68; 0.67 101.5+0(654
Day 2 99.1+0.67; 0.68 101.0+1.00; 1.p0 100.3+00834
Interday Precision
3TC (in ug/ml) 20 25 30
Day 0,1,2 100.4+0.24; 0.24 100.5+0.62; 0|62 100.8#00.56
d4T (in pg/ml) 4 5 6
Day 0,1,2 99.4+0.53; 0.53 101.0+0.83;0/82 100.d811.08

Table VI Results from Robustness studies

Level of addition %Recovery+SD; %RSD
Method Parameters %) 3TC qaT
0.015 98.4+0.12; 0.12 101.0+0.63; 0.3
Buffer Concentration(M) 0.020 100.0+0.18; 0.18 101.8+0.43; 0.42
0.025 98.8+0.56; 0.57 100.1+0.58; 0.68
4.4 99.5+0.58; 0.58 101.7+0.16; 0.16
Buffer pH 45 100.5+0.72; 0.72 99.5+0.51; 0.51
4.6 101.740.21; 0.21 100.4+0.76; 0.76
0.9 98.6+1.11; 1.13 100.7+0.71; 0.71
Flow rate (mL/min) 1.0 100.4+0.79; 0.79 100.9+1.01; 1.1
1.1 99.8+1.06; 1.06/ 101.7+0.97; 0.95
RP C-8 column Phenomenex 100.0+£0.25; 0.25 99.5+1.19; 1|20
Kromasil 99.9+0.77; 0.77, 100.0+0.14; 0.14
m
25DEDEIE:IDrhGh‘I:Zﬁrn1
200% 3TC
15“% daT
1[!!]—?
50—f
[::
0.0 5.0 10.0 " 150 " Zo.0 min

Fig.2 A typical chromatogram of Tablet solution
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For ced degradation studies/Specificity

The optimized RP-HPLC method was used to studyadizgion behaviour of the drugs in both
bulk drugs and combined tablet dosage forms unai@ows stress conditions. It was suggested to
target degradation of 20—80% when establishingsthbility-indicating properties of analytical
methods, because even intermediate degradatiomgsoghould not interfere with any stage of
drug analysis [40]. Although conditions used forcd degradation were adjusted to achieve
degradation in this range, this could not be aadefor conditions other than exposure to
hydrolytic and oxidizing agent, even after long esyre.

The mass balance of Stavudine and Lamivudine uedehn stress condition was found 100%
and, moreover, assay of each unaffected compountheantablets confirmed the stability-
indicating nature of the metho8TC was relatively more labile than d4T in basidioyytic
conditions while d4T was more susceptible than 3ihiCacidic, neutral, oxidative stress
conditions. Stavudine (d4T) was more labile to phaic stress conditions than 3TC. The results
from forced degradation studies are summarizeddhle Il. Representative Chromatograms
obtained from forced degradation studies are showhig. 3.The degradation behavior and
degradation products of 3TC and d4T were foundetsimilar in combination drug product and
in bulk drugs under various stress conditions asgksThe study was not intended to identify
degradation products but merely to show they waut interfere if and when present. To
conclude, the results of stress testing studiesabel a high degree of specificity of this method
for both 3TC and d4T

Linearity, LOD and LOQ

The calibration plot was linear over the concerdratange investigated (2.5-5@/ml; n = 3)

and (0.5-10ug/ml; n = 3) for 3TC and d4T respectively. Average corielatcoefficient
r=0.9999 for both drug candidates with RSD valg@90%, across the concentration ranges
studied, was obtained from regression analysis. XD@ that produced the requisite precision
and accuracy was found to be 2.5 pg/ml for 3TC @&dug/ml for d4T. The resultant %RSD
values were<1.00%.The LOD for lamivudine and stavudine werenfibto be 0.8 pg/ml and 0.3
po/ml respectively. The results from regressiow lanalysis are tabulated Trable 1ll. The
regression results indicate that method was lime#ine concentration range studied and can be
used for detection and quantification of 3TC and @¥a very wide concentration range.

Accuracy and Precision

Accuracy as recovery was evaluated by spiking presty analysed test solution with additional
standard drug at three different concentration ItevRecovery of standard drugs added was
found to be 99.32+1.10% for lamivudine and 99.9323% for stavudine with the value of RSD
less than 1%Table I\) indicating that the proposed method is accuratetlfie simultaneous
estimation of both drugs from their combinationglproducts in presence of their degradation
products. The RSDs for intra-day and inter-day igres were not more than 1.5% for both 3TC
and d4T Table V). The low RSD values indicate the repeatabilitgl @aeproducibility of the
method.

Robustness

Results of the robustness study are depictetlainle VI The elution order and resolution for
both components were not significantly affected DR& peak areas were found to be well
within the limit of 2.0%.
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Assay of Commercial Tablets

The validated method was applied to determine ladine and stavudine in commercially
available drug products. The results of the as¢ays 6) undertaken yielded 100.71% + 0.80
(RSD = 0.79%) and 99.91% + 0.64 (RSD = 0.64%) dfelaclaim for 3TC, and DAT,
respectively. The mear of 3TC, and d4T were 13.66 and 16.51 min with eis¢éed RSD
values of 0.16 and 0.30 % he result indicates that the method is selectoretlfie routine
analysis of 3TC, and d4T with no chromatographieriierence from impurities.

Solution stability

The stock solution showed no significant changanalyte composition, retention time and peak
areas of 3TC and d4T after 2 weeks of storag€Git Bhe recoveries were found to be 101.43 +
0.3% and 99.03+1.3% (x%RSD) for 3TC and d4T respelgt without any traceable
degradation. Similarly, the standard solutions athb3TC and d4T were found to be stable at
room temperature over a 48 hr period which wada@efit for the whole analytical process.

CONCLUSION

A simple, rapid, accurate and precise stabilitjgating HPLC analytical method has been
developed and validated for the routine quantieaimalysis of lamivudine and stavudine in API
and combined dosage forms. The results of stestingg undertaken according to the ICH
guidelines reveal that the method is specific aadikty-indicating. The proposed method has
the ability to separate these drugs from their aggfion products in tablet dosage forms and
hence can be applied to the analysis of routinditgusontrol samples and samples obtained
from stability studies.
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