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ABSTRACT

A simple, inexpensive and rapid LC method has been developed for the
quantative determination of duloxetine, an anti-depressant drug. The method
can also be employed for the determination of duloxetine and itsimpurities
in the bulk drug. Degradation studies were performed on the bulk drug by
heating to 105°C, exposure to UV light at an energy of 200Watt hours/
m?and to Visiblelight at anillumination of not lessthan 1.2 million lux hours,
acid (0.1 N hydrochloric acid), base (5.0N sodium hydroxide) aqueous hy-
drolysisand oxidation with 6.0% v/v hydrogen peroxide. Considerable deg-
radation was observed under acid, base and oxidation conditions. Good
resolution between the peaks corresponding to impurities produced during
synthesis, degradation products and the analyte was achieved on a Sym-
metry C, LC column using amobile phase consisting of amixture of agque-
ous potassium dihydrogen phosphate, Sodium-1-octane sulfonate and ac-
etonitrile. The degradation samples were assayed against the reference
standard of duloxetine and the mass balance in each case was close to
99.9%. Validation of the method was carried out as per |CH requirements.
© 2010 Trade Sciencelnc. - INDIA
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INTRODUCTION

Duloxetine, 1-[ 3-(dimethylamino) propyl]-1-(4-
fluorophenyl) -1,3-dihydroi sobenzofuran -5-carbonitrile
hydro bromideisaserotonin-nor epinephrinereuptake
inhibitor manufactured and marketed by Eli LillytY. Itis
effectivefor mgjor depressivedisorder anditisasef-
fectiveasvenlafaxinein generdized anxiety disorder, it
isawell tolerated and is considered afirst linetreat-
ment strategy. Dul oxetinehasdemongtrated efficacy for

thetreatment of major depressivedisorder. Inthreeout
of six well-designed properly controlled pre-marketing
trid sdul oxetineperformed better than placebo; thethree
other trid swereinconclusive. Recently, dul oxetinewas
shown to be effectivein elderly with recurrent major
depressive disorder whereit improved cognition, de-
pression, and some pain measures. A meta-analysis of
thesetria sindicated that theeffect S zeof duloxetineas
compared with placebo was weak-to-moderate, and
similar to other 11 antidepressants studied?. Theratio-
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nal e behind the devel opment of duloxetinewasthat in-
hibition of thereuptake of both serotonin and nor epi-
nephrinewould makeit work better than selective se-
rotonin reuptakeinhibitors(SSRIs), whichinhibit only
thereuptake of serotonin. Itschemical designationis
(+)-(9-N-methyl-y-(1-naphthyloxy)-2-thiophene-
propylaminehydrochloride. Theempirica formulafor
duloxetinehydrochlorideisC ;H,,NOSHCI, and the
molecular weight is333.88.

TheInternational Conference on Harmonization
(ICH) guidelines® require stresstesting of drug sub-
stances, which can help identify thelikely degradation
products, can beuseful in establishing degradetion path-
waysand in vaidating the stability-indi cating power of
theanalytical proceduresused. Moreover, avalidated
andytica method must be applied in stability studies™.

Although thereare analytical methodsfor the de-
termination of dul oxetineand someimpuritiesby other
techniqueslikeLC and LC-MS-MS detection>7. It
was s mplemethod for the quantitati ve determination
of duloxetineanditsimpuritiesincluding processre-
|ated and degradents. The current work dealswith the
accel erated degradation of the drug substance under
sressconditionslikehydrolys's, oxidation, heating and
UV light. Thework alsoincludesthevalidation of the
stability-indicating method devel oped. Thismethod can
beused for quality control during manufactureand for
assessment of thestability of bulk sasmplesof duloxetine.

EXPERIMENTAL

Chemicalsand reagents

Samplesof duloxetineanditsimpuritiesnamdy imp-
A andimp-B. (Figure 1) were received from the Pro-
cess Research Department of Integrated Product De-
velopment Operations of Dr. Reddy’s Laboratories,
Hyderabad, India. L C grade acetonitrile, Potassium
dihydrogen orthophosphate, Sodium-1-octanesulfonate
and Potassium hydroxidewere purchased from Merck,
Schuchardt, Germany. High purity water wasprepared
by usingaMillipore Milli Q pluspurification system
(Bedford, MA, USA).

I nstrumentation

TheLC sysemwasaWatersmodel 2996 equipped
withaPDA (Waters Corporation, Milford, USA). The
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output signa wasmonitored and processed using Em-
power software (Waters Corporation, Milford, USA)
on aPentium computer (Digital Equipment Co).

Chromatogr aphic conditions

Chromatographic separation was achieved on a
5um Symmetry C, column, (250mmx4.6mm), usinga
mobile phase with a buffer containing a mixture of
0.01M agueous Potass um dihydrogen orthophosphate
and 2.0gm/L of Sodium-1-octane sulfonate. Themo-
bile phaseA isabuffer with pH adjusted to 5.0 using
dilute Potassium hydroxide and mobilephaseB isa
mixture of water and acetonitrile (20:80, v/v). The
mobile phasewasfiltered through a0.45um nylon mem-
braneand degassed with helium for 5 min. The mobile
phaseflow ratewas0.8mL min. TheLC gradient was
time (min)/%B: 0/40, 10/40, 20/50, 35/80, 45/90, 55/
90, 60/40 and 65/40. The column was maintained at
ambient temperatureand the effl uent wasmonitored at
215nm. Theinjection volumewas5ulL.. Mobile phase
B wasused asdiluent during the preparation of the stan-
dard and test sampl es.

Prepar ation of standard solutions

A stock solution of duloxetine (500ug mL*) was
prepared by dissolving an appropriate amount in the
diluent. Working sol utions of 500 and 250ug mL* were
prepared from stock solution for impurity determina-
tion and assay respectively. A stock solution of impuri-
tiesat 50pug mL™* wasalso prepared in diluent.
Specificity

Specificity istheahility of themethod to measure
theanayteresponseinthe presence of itspotentia im-
purities. Regulatory guidancein ICH Q2A, Q2B, Q3B
and FDA 21CFR Sect. 211 requiresthe devel opment
and vadidation of astability-indicating assay method. In
order to determinewhether the determination of impu-
ritiesand the assay method were adequate, adul oxetine
API samplewas submitted to forced degradation stud-
ies. The specificity of the developed LC method for
dul oxetinewas carried out inthe presence of itsimpu-
rities.

The current regulatory guidelinesdo not indicate
detail ed degradation conditionsin stresstesting. How-
ever, the conditionsused werefound to effect adegra
dation of preferably not lessthan 5% but not complete
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Figurel: Duloxetinehydrochloride, imp-A and imp-B

degradation. Degradation conditions employed were
UV light (200Wett hours/m?), Visiblelight(1.2 million
lux hours) , heatingto 105°C, acid hydrolysiswith 0.1N
HCI, basehydrolysiswith 5.0N NaOH, water hydroly-
sis and oxidative degradation using 6% H,O, . Peak
purity testing was carried out on the stressed samples
of duloxetineby using the PDA detector. Assay studies
werecarried out on the stressed samplesagainst aquali-
fied reference standard having a purity of 99.8% and
themassbalance (% assay + % degradation) was cal-
culated. Assay wasalso carried out on abulk sample
by spikingimpuritieseach at the specificationleve of
0.10%.
Method validation
Precision

Precision waseva uated by carrying out six inde-
pendent assaysof atest sampleof duloxetineagainst a
reference standard and cal culating the % RSD. The
precision of the determination of theimpuritieswas
checked by injecting six individual preparations of
(500ug mLt) dul oxetine spiked with 0.10% of imp-A
and imp-B and calculating the% RSD of areafor each
compound. Theintermediate precision of the method

wasalso evauated using different andystsand adiffer-
ent instrument inthe samelaboratory.

Limit of detection and limit of quantification

The LOD and LOQ for imp-A and imp-B were
estimated at a S/N of 3:1 and 10:1 respectively, by
injecting aseries of dilute solutionswith known con-
centrations. Precision study was also carried at the
LOQ leve by injecting six individual preparations of
imp-A and imp-B and cal culated the %RSD for the
aress.

Hnalytical CHEMISTRY o

Linearity

Linearity of test solutionswas prepared from stock
solution a sx concentration level sfrom 50 to 150% of
assay analyte concentration (12.5, 18.75, 25, 31.25
and 37.5ug mL?). The pesk areaversus concentration
datawere subjected to | east-squares|linear regression
analysis. Thecalibration curvewasdrawn by plotting
dul oxetine areainj ectionsagai nst the concentration ex-
pressed in percentege.

Linearity test solutionsfor theimpuritieswere pre-
pared by diluting theimpurity stock solutiontothere-
quired concentrations. The solutionswere prepared at
elght concentrationlevelsfrom LOQ to 200% withre-
spect totheimpuritiesspecificationlevd of 0.10% (i.e.
LOQ, 0.025, 0.050, 0.075, 0.10, 0.125, 0.150 and
0.20%).The calibration curveswere drawn by plotting
the peak areasof imp-A and imp-B against the corre-
sponding concentration.

Linearity testing was performed on two consecu-
tivedaysin the same concentration rangefor both as-
say andrelatedimpurities. The% RSD vaueof thedope
and y-intercept of thecalibration curvewas cal cul ated.

Accuracy

Theaccuracy waseva uated at three concentration
levelsi.e. 12.5, 18.75, 25.0, 31.25 and 37.5ug mL™*
of abulk drug sample. The% recoverieswere calcu-
lated.

Accuracy of thedetermination of theimpuritieswas
carriedout intriplicateat 0.05, 0.075,0.10 and 0.15%
of the dul oxetine concentration (500ug mL*). Theper-
centagesrecoveriesfor theimpuritieswere cal cul ated.

Robustness
To determinerobustness, experimenta conditions
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TABLE 1: Summary of forced degradation results

Assay (% w/won Massbalance (% assay+

% degradation) Remarks

Degradation Condition Duration anhydrous basis)
Thermal ( 105°C) 10 Days 99.9
Acid hydrolysis0.1N HCI 8 Hours 785
Base hydrolysis 5.0N NaOH 16 Hours 100.1
Water hydrolysis 48 Hours 90.2
Oxidative degradation 48 Hours 94.1
Photo degradation 7 Days 99.9

100.1 No significant degradation observed
99.8 Imp-A and Imp-B are the major degradents
99.9 No significant degradation observed
99.5 Imp-A and Imp-B are the major degradents
99.8 Imp-A and Imp-B are the major degradents
99.6 No significant degradation observed

VWD1 A, Wavelength=215 nm (E\DULHPL~4\8706H318.D)
mal
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Figure?2: Blend chromatogram showingimp-A ,imp-B and
duloxetine

were purposely atered and thetailing and theoretical
platesfor duloxetine peak was eval uated.

To study theeffect of flow rateon thetailing and
theoretical platesfor duloxetine peak, it was changed
by 0.2 unitsfrom 0.6to 1.0mL min™. Theeffect of pH
onthetailingandtheoretica platesfor duloxetine pesk
of theimpuritieswasa so studied by varyingthe pH of
mobile phaseA from 4.8t0 5.2. Theeffect of column
temperature on the tailing and theoretical platesfor
duloxetine peak wasstudied at 20 and 30°C. In all the
above conditions, the components of themobile phase
were held constant.

Solution stability and mobile phasestability

The stability of duloxetinein solutionwascarried
out by leaving both the solutions of sampleand refer-
ence standard in tightly capped volumetric flasks at
room temperature for two days. The solutionswere
assayed at 24 h intervals up to the end of the study
period. The mobile phase stability wasalso carried
out by assaying thefreshly prepared sampl e solutions
againgt freshly prepared reference standard solutions
a 24 h intervals over 2 days. Mobile phase composi-

tion waskept constant during the study period. The%o
variation inthe content of dul oxetinewas cal cul ated
over the period.

The solution stability of duloxetineand itsimpuri-
tiesin therelated substances method was carried out
by aleaving spiked samplesolutioninatightly capped
volumetric flask a room temperaturefor 48 h. Content
of imp-A andimp-B weredetermined at 24 h intervals.
Mobile phase stability wasa so carried out for 48 h by
injecting freshly prepared sample solutionsat 24 h in-
tervas. Content of imp-A and imp-B werecheckedin
test solutions. Mobile phase composition waskept con-
stant during the study period.

RESULTSAND DISCUSSION

Optimization of chromatographic conditions

Attemptswere made by using different C  and C, sta-
tionary phases®. Thechromatographic conditionswere
optimized with respect to specificity, resolutionandtime
of anadysis. Effectsof pH (2-7) and ionic strength (1—
10 mmol L) wereinvestigated using phosphate and
acetate buffers. It wasfound that the retention time of
duloxetinedid not Sgnificantly ater a pH 25 and ionic
strength between 1 and 10 mmol L. The optimum
conditionsaregivenin“Experimental”’. Duloxetine, imp-
A and imp-B werewell separated with aresolution of
greater than 1.8 Thetailing factor and the number of
theoretica platesfor the dul oxetine peak were 1.5 and
1,45,000(Figure 2).

Resultsof forced degradation studies

Degradation wasnot observed in aduloxetinebulk
sampleduring stressconditionslikeVisibleand heating
to 105°C. Slight degradation was observed in base
degradation condition. Mg or degradation wasobserved
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inwater, acid and oxidation conditions. imp-A and imp-
B arethemgor degradentsin acid,water and oxidative
degradations.

Peak purity test results confirmed that the duloxetine
peak was homogeneous and purein all theanalyzed
stress samples. The mass balance of stressed samples
wascloseto 99.9% (TABLE 1). The assay of duloxetine
isunaffected inthe presence of imp-A andimp-B con-
firming thestability-indicating power of themethod.

Resultsof method validation studies
Precision

TheRSD of theassay of duloxetinewaswdl within
0.2% and the RSD of the area of imp-A and imp-B
waswithin 1.4%. TheRSD of assay resultsobtainedin
intermediate precision studieswaswithin 0.4% and the

RSD of areaof imp-A and imp-B werewithin 6.0%,
confirming the good precision of themethod.

Limit of detection and limit of quantification

Thelimitsof detection (LOD) of imp-A andimp-B
werefoundto bein therange of 0.003 to 0.0015% (of
analyte concentration 500ug mL?) in each casefor a
5uL samplesize. Thelimitsof quantification (LOQ) of
imp-A andimp-B werefound to beintherangeof 0.012
t00.006%. Theprecisonforimp-A andimp-B at LOQ
level wasbelow 3.0% RSD.

Linearity

A linear calibration plot wasobtained over thecai-
bration rangestested, i.e. 12.5t0 37.5ug mL*and the
correl ation coefficient obtained wasgreater than 0.999.
Linearity was checked over the same concentration
range for two consecutive days. These results show
that an excellent correl ation exists between the peak
areaand concentration of theanalyte.

Linear cdibrationplotsfor theimpuritiesand andyte
were obtained over the calibration rangestested, i.e.
LOQt00.20% for duloxetine, imp-A andimp-B. The
correlation coefficients obtained were greater than
0.999. Theresults show that an excellent correlation
between the peak areaand concentration of dul oxetine,
imp-A andimp-B.

Accuracy
The percentagerecovery of duloxetineinbulk drug
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samplesranged from 99.0to 101.0%. The percentage
recovery of imp-A and imp-B in bulk drug samples
ranged from 99.0 to 103.0.

Robustness

Indl thedeliberately varied chromatographic con-
ditions(flow rate, pH and columntemperature), thetail-
ing for dul oxetine peak waslessthan 2.0 and theoreti-
cal platesfor dul oxetine peak ismorethan 3000illus-
trating adequate robustness of the method.

Solution stability and mobile phase stability

TheRSD of theassay of duloxetineduring solution
stability and mobile phase stability experimentswas
within 1.0%. No significant changewas observed in
the content of imp-A and imp-B during solution stabil-
ity and mobile phase stability experiments. Thesolution
stability and mobile phase stability experiments data
confirm that sample sol utions and mobile phase used
during assayswere stableupto 48 h.

CONCLUSIONS

ThesmpleRP-LC method devel oped for thequan-
titative determination of duloxetineanditspossibledeg-
radation products and impuritiesis precise, accurate
and specific for the analysis of bulk material. The
method wasfully vaidated, showing satisfactory results
for dl the parameterstested. The developed methodis
dability indicating and can beused for theroutineandys's
of production samples.
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