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ABSTRACT

A simple, sensitive isocratic RR-LC method has been developed for the
quantitative determination of Stavudine Related substances in bulk drug,
used for the HIV Aids. The developed method is also applicable for the
Assay determination. Efficient chromatographic separation was achieved
on aC18 stationary phase with simple mobile phase combination delivered
in a isocratic mode and quantification was carried out using ultraviolet
detection at 265 nm at aflow rate of 0.5 mL min™. In the developed RRLC
method the resolution between Stavudine and its two potential impurities
was found to be greater than 4.0. Regression analysis shows an r value
(correlation coefficient) of greater than 0.9999 for Stavudineand it’s all the
two impurities. This method was capable to detect all two impurities of
Stavudine at alevel of 0.05 % with respect to test concentration of 0.5 mg
mL 1 for a20 L injectionvolume. Theinter day precision valuesfor all four
impuritiesand for Stavudine was found to be within 2.0 % RSD at its speci-
fication level. The method has shown good and consistent recoveries for
Stavudine four impurities (93.9-103.9). The drug was subjected to stress
conditions of exposureto acid hydrolysis, Oxidation and thermal degrada-
tion. Considerable degradation was found to occur in acid hydrolysis and
Thermal stress conditions. The developed RR-LC method was validated
with respect to linearity, accuracy, precision.
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INTRODUCTION

Savudine

1-[(2R59-5-(hydroxymethyl)-2,5-dihydrofuran-
2-yl]-5-methyl-1,2,3 4-tetrahydropyrimidine-2,4-dione
(Figurel)isaAnti retrovird product. Thegenericname
of StavudineisZerit. Stavudineisaprescription medi-
cineused incombinationwith other drugstotreat adults
and children who areinfected with HIV (the human
Immunodeficiency virus), thevirusthat causesAIDS.

Stavudinebeongsto aclassof drugscalled nucleoside
reversetranscriptaseinhibitors (NRTIS). By reducing
thegrowth of HIV, Stavudine helpsyour body maintain
itssupply of CD4 cdlls, which areimportant for fighting
HIV and other infections.

Indian pharmacopiea® has specifed method for
determination of Impuritiesand Assay of Stavudineby
reverse phase HPLC .The method is of isocratic and
gradient elution and time consuming of 20 minutes. The
proposed method is of 8 minutes which saves|ot of
time and chemicalsand is developed on Fast LC or


mailto:ramp.raghu@gmail.com

ACAIJ, 8(2) June 2009

P.Raghuram et al.

227

Stavudine  Thymine
o o}

HsC
Hsc\fJ\NH | NH 3 \fkr
OH Nko Nko OH N0
O- H )
5-methylur acil

1-[(2R,5S)-5- OH
(hydroxymethyl)- "
2,5-dihydrofuran- deoxythymidine
2-yl]-5-methyl-
1,2,34-
tetrahydropyrimid
ine-2,4-dione
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RRLC. Andytica Timeand money spent areimportant
for Lessvdueand highimportanceAntiretrovird drugs.
The present drug stability test guideine Q1A (R2)
issued by Internationa Conference on Harmonization
(ICH)@ suggeststhat stress studies should be carried
out on adrugto establishitsinherent stability charac-
teristics, leading to separation of degradation products
and hence supporting the suitability of the proposed
andytica procedures. It dsorequiresthat analytical test
proceduresfor stability samples should be stability in-
dicating and they should befully vaidated.
Accordingly, theaim of present study wasto es-
tablishinherent gability of Stavudinethrough sressstud-
iesunder avariety of ICH recommended test condi-
tionsand to devel op astability-indicating method.

EXPERIMENTAL

Chemicals

Samples of Stavudine were received from
HETEROLABSLimited anditsrel atedimpuritieswere
received from Fluka. HPL C grade methanol and was
purchased from Merck, Darmstadt, Germany. High
purity water was prepared by using Millipore Milli-Q
pluswater purification system. All samplesandimpuri-
tiesused inthis study were of greater than 99.6% pu-
rity.

Equipment

The LC system, used for method devel opment,
forced degradation studies and method validation was
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Agilent 1200 RRLC. The output signa wasmonitored
and processed using Chemi gtation software on Pentium
computer (Digita equipment Co).

Chromatogr aphic conditions

The chromatographi ¢ column used was Symmetry
C18 75%4.6 with 3.5um particles. The mobile phase
containsamixtureof water and methanol intheratio of
85:15 (V/V).

The flow rate of the mobile phase was 1.0 mL
min'. Thecolumn temperaturewas maintained at 25°C
and the detection was monitored at awavelength of
265 nm. Theinjection volumewas 20u. mobile phase
was used asdiluent.

Prepar ation of solutions
Prepar ation of standard solutions

A Stock solution of Stavudine (0.5 mgmL™) was
prepared by dissolving gppropriateamount inthediluent.
Working solutions of 2.5 and 0.25 ug mL-*werepre-
pared from above stock solution for rel ated substances
determination and assay determination, respectively. A
stock solution of impurities (mixture of Thymineand
apha-Thymidine) at aconcentration of 0.05mgmL™*
wasalso prepared in diluent.

Analytical method validation

The devel oped chromatographic method was
validated for selectivity, linearity, range, precision, ac-
curacy, sengtivity and system suitability.

Selectivity

Selectivity of the devel oped method was assessed
by performing forced degradation studies. Theterms
selectivity and specificity are often used interchange-
ably. Selectivity istheability of themethod to measure
theanayteresponseinthe presence of itspotentia im-
purities. According to ICH® stresstesting of thedrug
substance can hel p theintring c stability of themolecule
and validatethe stability indicating power of theana
Iytical procedure used. Photo stability testing should
beanintegral part of stresstesting. The standard con-
ditionsfor photo stability testing aredescribed in ICH
Q1B™, The specificity of the devel oped LC method
for Stavudine was determined in the presence of its
impuritiesnamely Thymine, d pha-Thymidineand deg-
radation products. Thestress conditionsemployed for
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degradation study includeslight (carried out asper ICH
Q1B), heat (80°C), acid hydrolysis(1N HCI). For heat
and light studies, study period was 24 hrswhere asfor
acid and oxidationit was 10 min. Pegk purity of stressed
samples of Stavudinewas checked. Thepurity angle
withinthepurity threshold limit obtainedin al stressed
samples demonstratesthe anal yte peak homogeneity.
All stressed samples of Stavudine (heat (50°C), acid
hydrolysis (1N HCI) and oxidation wereana ysed.

Analytical method validation
Precision

Precision wasdetermined through repegtability (in-
tra-day). The precision of therel ated substancesmethod
was checked by injecting Sx individua preparationsof
(500 ng mL1) Stavudine. The% RSD for percentage
of eachimpurity wascal cul ated.

Limit of quantification (LOQ)

TheLOD and LOQ for Imp-1, Imp-2, Imp-3and
Imp-4were estimated at asignal-to-noiseratio of 3:1
and 10:1 respectively, by injecting aseriesof dilute so-
|utionswith known concentration. LOQ for dl theim-
puritiesisestablished at 0.05%.

Theprecisonstudy wasdso carried out a the LOQ
level by injectingsix individud preparationsof Thymine
and Thymidineand cal culated the% RSD for theareas
of eachimpurity.

Linearity and range

To establishlinearity of themethod, calibration so-
lutionswere prepared from stock solution at six con-
centration level sfor chromatographic purity method-
concentration levelsranging from LOQ to 150% (with
respect to test concentration of 500 ug mL2, LOQ,
50, 80,100,120 and 150%) were prepared by diluting
theimpurity stock solutionto therequired concentra-
tionsof twoimpuritiesfor Stavudineconcentraionleves
ranging from LOQ to 150% (with respect to test con-
centration of 500 ug mL*, LOQ, 50, 80, 100,120 and
150) . Average peak areaat each concentration level
wassubjectedtolinear regresson anadysiswith theleast
sguare method. Cdlibration equation obtained fromre-
gressonandysswasusad to cd culatethe corresponding
predicted responses. Theresidua sand sum of there-
sdud squareswere cd culated from the corresponding
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predicted responses. The % y-intercept for related sub-
stancesmethod was cd culated. Analytica rangeof the
method was established from theanalysisof sengitivity
curves. Upper and lower levelsof rangewerea so es-
tablished.

Sengitivity

Sengtivity wasdetermined by establishing Limit of
quantification (LOQ) of Thymine, adpha Thymidineand
Stavudine estimated a asignal-to-noiseratio above 10
respectively, by injectingaseriesof dilutesolutionswith
known concentration. The precision study was also
carried out at the LOQ level by injecting six individua
preparations of Thymine, alpha-Thymidine and
Stavudine and cal culated the % RSD for the areas of
eechimpurity.

Accuracy

For determination of accuracy, recovery study was
carried out by spiking andysis. A known amount of the
impurity stock solutionswere spiked totheprevioudy
analysed samples at LOQ,50,100 and 150% of the
andyte concentration

(500 ug mL1). The percentage of recoveries Thym-
ineand apha Thymidinewereca culated. Each concen-
tration level was prepared for threetimesTABLE 4.

Robustness

Robustness study was conducted by making small
but deliberate changesin the optimized method param-
eters. Critical sourcesof variability in operating proce-
dure such as percent organic strength wasidentified.
By deliberate changein experimental conditionsthe
resol ution between Thymineand apha-Thymidinewas
evaluated. Theflow rate of the mobile phasewas 1.0
mL min®.To study theeffect of flow rate ontheresolu-
tion, 0.2 unitschangedi.e0.8and 1.2 mL min?. Inthe
abovevaried conditions, the componentsof themobile
phasewere held constant.

RESULTSAND DISCUSSION

M ethod development and optimization

All theimpuritiesand Stavudine solutionswere pre-
pared in diluent at a concentration of 1000 ppm and
scanned in UV-visible spectrometer; dl the2 impurities
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and Stavudinewerehaving UV maximaat around 265
nm. Hence detection at 265nmwas sel ected for method
deve opment purpose. UV spectrumsareshowninfig-
ures.

Indian pharmacopeiahas given aHPLC method
for thedetermination of theimpuritiesin Stavudine, but
inthat method thetotd runtimekegping minimum about
30 min. to overcometimefactor and chemical cost, a
rapid resolution LC method was developed within 8
min for the quantification of Stavudineand itsrelated
substances.

Theprimary target of thiswork wasto develop a
stability indicating chromatographic method for the de-
termination of Stavudine. anditsimpuritiesThymineand
aphaThymidine. To get separation of Savudinefrom
itsimpurities, and degradation products.

The chromatographic separation wasachieved on
Symmetry C18 75x4.6mmwith 3.5 pm particles). To
decreasetheinteractionsof Stavudinewith stationary
phase column (dueto hydrophobicity) mobile phase
was selected with higher percentage of water. Different
ratios were tried to optimize the retention time of
Stavudineand resol ution between theimpurities. Satis-
factory results(retention time of Stavudineis~2.821
min and theresolution between dl theimpuritiesis>4)
were obtaned with optimized conditions.

Inthe optimized conditions Stavudine, Thymine,
alpha-Thymidineand Stavudinewerewell separated
with aresolution of greater than 4 and thetypical reten-
tiontimesof Thymine, apha-Thymidineand Stavudine
wereabout 1.366, 1.877 and 2.821 respectively ,rep-
resentativechromatogramisshowninfigure2. Thesys-
temsuitability resultsweregiveninTABLE 1.

M obilephasecompostionratio played amgor role
inachieving the separation between all four impurities
and Stavudine.

Analysiswas performed for different batches of
bulk drug samples (n=3) Resultsweregivenin TAB
TABLE 2.

Method validation
Precision
The%RSD of areaof Thymineand a pha-Thymi-

dinein precision study werewithin 2.0 %. Confirming
the good precision of the devel oped analytical method.
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Figure?2: Typical chromatogram of Savudinestandard
solution with Impurities

TABLE 1: System suitability report

No of
usP - theoretical
Compound  Resolution Usf Tailing plates USP
actor
(Rs) tangent
method (N)
Thymine 1.265 3135
Alpha
Thymidine 4.617 1.165 3686
Stavudine 6.742 1.115 5197

TABLE 2: Batch analysis(Asper new developed method)

()

2 .g cc's -E é k) % ‘? = ;g Q:O

& 5 28 52g2 F3 jt

3 < £ s SE E <
B.no-01 0.03 ND ND 0.03 99.8
B.No-02 0.01 ND ND 0.01 99.6
B.No-03 0.01 ND ND 0.01 99.7

(Asper 1P method)

B.No-01 0.03 ND ND 0.03 99.7
B.No-02 0.01 ND ND 0.01 99.8
B.No-03 0.02 ND ND 0.02 99.5
Where ND = Not detected
Sengitivity

Thelimit of quantification of of Thymine dpha-Thy-
midineand Stavudinewas 0.05 (of analyte concentra:
tion, i.e.500 ug mL 1) respectively for 20 uL injection
volume. The% RSD for areaof Thymine, apha-Thy-
midineand Stavudinewere bel ow 2.0% for precision
aLOQlevel.

Linearity

Cdlibration curve obtained by theleast squarere-
gression analysi sbetween average peak areaand con-
centration showed linear relationshipwith aregresson

coefficient of 0.9999 over thecdibration rangestested.
Theresultsof linearity and range obtained for the
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Figure 4: Typical chromatogram of thermal degraded
Savudinesample

four potential impuritiesweretabulatedinthe TABLE
3. Linear cdibration plot for rel ated substances method
was obtained over the calibration rangestested, i.e.
LOQto 1.50%for Thymine and dphaThymidine. And
obtained over the calibration rangestested, i.e. LOQ
t00.75% for Stavudine. The corre ation coefficient ob-
tained wasgreater than 0.9999 for al two impurities
and Stavudine.

Accuracy

The percentage recovery of Thymine and alpha-
Thymidine in bulk drug samplesranged from 93.9-
103.9 (TABLE 5). HPLC chromatogram of spiked
samplewith al two impuritiesin Stavudine bulk drug
sampleisshowninfigure3.

TABLE 3: Linearity resultsfor related substancesestimation
Alpha-

Thymine - Stavudine
thymidine
Trendline y=374.337x y = 274.092x
equation +0.580 +1.330 Y 203.544x0.397

L'r’;ﬁggy 0.05%-1.50% 0.05%-1.50% 0.05%-0.75%

Regression

- 0.9999 0.9999 0.9999
Coefficient
Slope 374.337 274.0921 203.544
I ntercept 0.580 1.330 0.397
%I ntercept 0.15 0.48 0.39
Residual
sum of 19.405 15.915 1.948
sguares
TABLE 4: Resultsof accuracy study for related substances
Added % Recovery of % Recovery of
(ug/mL)(n=3) thymine alpha-thymidine
0.25 103.9 93.9
25 99.3 101.8
5 99.7 99.6
75 100.2 100.1

n =3, Number of determinations
TABLE 5: Resultsof robustnessstudy

Resolution (Ry)

Parameter Variation bet_vveen
thymine and
stavudine
Flow rate 0.80mL/min 4.653
(£20% of the set flow)  1.20mL/min 4.401

Robustness

Closeobservation of anadysisresultsfor deliberatly
changed chromatographic conditions (flow rate) re-
ved ed that the resol uti on between closdly e uting com-
ponents, namely Thymineand Stavudinewas greater
than 4.0, illustrating the robustness of the method
(TABLES).

Resultsof forced degradation studies
Degradation behavior

Stress studies on Stavudine under different stress
conditions suggested thefollowing degradation behav-
ior.

Degradation in acidic solution

Stavudineishighly sensitiveto basesand wasde-
graded into Thymineand unknown impuritiesby acid
hydrolysisin 1.0 HCI. Thedrug wasexposed to 1.0N
HCI at 50°C temperature for 10 min. Stavudine has
shown sgnificant sengtivity towardsacid trestment. The
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No. Wavelength ~ Absorbance  Description
1 200 0.5371
2 220 0.4045
3 240 0.2303
4 265 0.6683
5 270 0.6071
6 280 0.3112
7 300 0.0022
8 320 -0.0001
9 340 0.0000
10 360 0.0003
11 380 -0.0004
12 400 -0.0003
13

No. Wavelength Absorbance  Description
1 200 0.3268
2 220 0.3159
3 240 0.1497
4 265 0.5506
5 270 0.5355
6 280 0.3384
7 300 0.0055
8 320 -0.0005
9 340 0.0000
10 360 0.0003
11 380 -0.0005
12 400 -0.0002
13

No. Wavelength Absorbance  Description
1 200 0.3499
2 220 0.2963
3 240 0.1280
4 265 0.4108
5 270 0.3871
6 280 0.2228
7 300 0.0024
8 320 0.0001
9 340 0.0002
10 360 -0.0006
11 380 0.0000
12 400 -0.0002
13

Figure5: UV-spectrumsof savudineand itsimpurities

drug undergone degradation with time and degraded
into Thymineand unknown.

Degradation in oxidative condition

Stavudineissengtiveto oxidizing and wasdegraded
into Thymineby oxidationin 6% H,O,. Thedrugwas
exposed to 6% H,O, at 50°C temperaturefor 10 min.
Stavudine hasshown sgnificant sensitivity towardsoxi-
dationtreatment. Thedrug gradually undergonedegra-
dationwithtimeand degraded into Thymine.

Thermal degradation
Stavudineishighly sensitiveto the effect of tem-

perature was degraded into Thymineby thermal deg-
radation. The drug was exposed at 80°C temperature
for 24 h. Stavudinehas shown significant sengtivity to-
wardsthermd trestment. Thedrug gradualy undergone
degradationwithtimeand degraded into Thymine. Rep-
resentative chromatogramisshowninfigure4.

CONCLUSION
Theisocratic RR-LC method devel oped for quan-

titative and related substances determination of
Stavudinein bulk drug is precise, accurate and spe-
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cific. Themethod wasvalidated showing satisfactory
datafor al the method validation parameterstested.
Thedeve oped method isstability indicating and canbe
used for theroutineanaysisof production samplesand
alsoto check the stability of Stavudine samples.
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