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ABSTRACT

An Isocratic reverse phase liquid chromatographic (RP-LC) assay method
was devel oped for the quantitative determination of Oseltamivir Phosphate
in bulk drug and in pharmaceutical dosage form, used to treat Antiviral
(Influenza). The developed method is also applicable for the related sub-
stances determination .The chromatographic separation was achieved on
Oyster-RP18e, 250mmx4.6 mm, 5um column. The LC method employs Solu-
tion A as mobile phase. The Solution A contains a mixture of phosphate
buffer pH 3.0: Methanol : Acetonitrile (60:25:15, v/v). Theflow ratewas 1.0
ml minZand the detection wavel ength was 207 nm. In the developed HPLC
method the resolution between Oseltamivir Phosphate and its potential
impurities, namely Imp-1, Imp-2 and Imp-3 wasfound to be greater than 2.0.
The drug was subjected to stress conditions of hydrolysis, Acid , Alkaline
,oxidation, photolysis and thermal degradation. Considerable degradation
was found to occur in Thermal, Photolysis,alkaline medium, Acid medium,
and Oxidative stress conditions. Major degradation product formed during
Photolysis was found to be Imp-1, Acid hydrolysis , Base and oxidation
hydrolysis was found to be un specified impurities. The stress samples
were assayed against a qualified reference standard and the mass balance
was found close to 99.6%. The developed RP-LC method was validated
with respect to linearity, accuracy, precision and robustness.
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greater than or equal to twelve years of ageand who

have been symptomatic for no morethan two days

Osdtamivir phosphate ethyl (3R,4R,5S5)-4-(acetyl

Few Chromatographic methods have been ap-

amino)-5-amino-3-(1-ethyl propoxy)-1-cyclohexene-
1-carboxylateisaordly activeinhibitor of influenzavi-
rusneuraminidasefigure 1. Itisanew classof specific
anti-influenzaagents, theneuraminidaseinhibitors, has
demonstrated potent inhibition of both influenzaA and
B viruses. Theseinhibitorsare potent and selectivein-
hibitor of influenzaA and B virus neuraminidases.
Osdtamivir isgpproved for treatment of uncomplicated
acuteillnesscaused by influenzaA or B virusin persons

peared in the literature. for the determination of
Osdtamivir phosphate., in human plasmaand in phar-
maceutical dosage form*3, So far, to our present
knowledgethereisno stability indicating LC method
for therelated substance determination and quantita-
tive estimation of Oseltamivir phosphate. This paper
describestheassay and re ated substancesmethod vai-
dationfor accurate quantification of Oseltamivir phos-
phateand all 3impuritiesin bulk samplesandin phar
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Oseltamivir Phosphate
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Phosphine oxide -1-cyclohexene-1-car boxylate
Figurel: Chemical structuresand labelsof oseltamivir

phosphateand itsimpurities

Triphenyl

maceutica dosageformsaso (TABLE 7).
EXPERIMENTAL

Chemicals

Samplesof Oseltamivir Phosphateitsrelated im-
puritiesand 75 mg Oseltamivir Phosphatetabletsare
manufactured at Hetero labs Limited India.. HPLC
grade acetonitrile was purchased from Merck,
Darmstadt, Germany. Anaytical reagent grade Potas-
sium dihydrogen phosphate monohydrate and Ortho
phosphoric acid were purchased from Merck,
Darmstadt, Germany. High pure water was prepared
by usng MilliporeMilliqpluswater purification system.

Equipment
The LC System, used for method devel opment,
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forced degradation studiesand method validation was
Shimadzu Prominence photo diode array detector. The
output signal was monitored and processed using LC
Solutions software on Pentium computer (Digitd equip-
ment Co).

Chromatographic conditions

The chromatographic column used was Oyster-
RP18e, (250x4.6) mmwith 5 um particles. The mo-
bile phase contains a mixture of pH 3.0 Phosphate
Buffer and Methanol and Acetonitrileintheration of
60:25:15 (v/v) Buffer consist of 0.05mM Potassium
dihydrogen Orthophosphate, pH adjusted to 3.0+0.05
using Orthophosphoric acid.

The solvent mixturecontainsamixtureof 62 ml of
water, 45 ml of Methanol and 135 ml of Acetonitrile.
Filter and degasthe solvent mixture.

Theflow rateof themohbile phasewas1.0 ml min.
The column temperature was maintained at 50°C and
the detection was monitored at awavelength of 207
nm. Theinjection volumewas 20 pl. Solvent mixture
was used asdiluent.

Prepar ation of solutions
Prepar ation of standard solutions

Weigh accurately about 3.0 mg of each Impurity-
1, Impurity-2, Impurity-3, and 2.0 mg of Oseltamivir
Phosphate working standard into 2100 ml volumetric
flask. Dissolveand diluteto the mark with mobile phase.
Take 1.0 ml of above solutioninto a20 ml volumetric
flask. Diluteto the mark with solvent mixture.

Prepar ation of samplesolution

Twenty capsules were weighed and the content
transferred into aclean and dry mortar, grinded well.
Then equivaent to 100 mg of drug wastransferred to
100 ml volumetric flask, 70 ml of diluent added and
kept on rotatory shaker for 10 minto dispersethe ma-
terial completely and sonicated for 10 min and diluted
to 100 ml (500 pug ml%). Theresulting sol ution was cen-
trifuged at 3,000 rpm for 5 min. Supernant solution was
taken 10 ml and diluted to 200ml with diluent (100 pug
ml-Y). Thiswasfiltered using 0.45 p nylon 66-mem-
branefilter.

Specificity
Specificity isthe ability of themethod to measure
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theanayteresponseinthe presence of itspotentia im-
puritied?. Stresstesting of the drug substance can help
toidentify thelikely degradation products, which canin
turn hel p establish the degradation pathwaysand the
intring c stability of themoleculeand vaidatethe stabil -
ity indicating power of theanaytical proceduresused.

The specificity of the developed LC method for
Osdtamivir Phosphatewasdetermined in the presence
of itsimpuritiesnamey Imp-1, Imp-2, Imp-3 and deg-
radation products. Forced degradation studieswerea so
performed on Oseltamivir Phosphateto provideanin-
dication of the stability indicating property and speci-
ficity of the proposed method. The stress conditions
employed for degradation study includeslight (carried
out asper ICH Q1B), UV light 254 nm, heat (105°C),
acid hydrolysis (0.5M HCI), base hydrolysis (0.5M
NaOH), water hydrolysisand oxidation (30% H,O,).
For heat, UV light and light studies, study period was
48 hrs whereas for acid, base, water hydrolysis and
oxidation, it was heat the solution 80°C for 2 hours.
Peak purity of stressed samplesof Oseltamivir Phos-
phate was checked by using PDA. Thepurity angleis
withinthepurity threshold limit obtainedin al stressed
samples demonstratesthe anal yte peak homogeneity.
All stressed samples of Oseltamivir Phosphate [ heat
(80°C), acid hydrolysis (0.5M HCI), base hydrolysis
(0.5M NaOH), water hydrolysisand oxidation (30%
H.,0,).] werestudied for extended run timeof 90 min
to check thelate e uting degradants

Assay studieswere carried out for stress samples
againgt qualified reference standard and the mass bal -
ance (%o assay+% of impurities+%o of degradation prod-
ucts) wascal culated. Assay wasd so cd culated for bulk
samplesand drug product by spiking all 3impurities
(Imp-1, Imp-2 and Imp-3) at the specification level.
Method validation
Precision

Theprecision of therel ated substance method was
checked by injecting six individual preparations of
(100% sample) Oseltamivir Phosphate spiked with
0.15% each Imp-1, Imp-2, and Imp-3. The %RSD of
areafor each Imp-1, Imp-2, and Imp-3 was calcu-
lated.

Theintermediate precision of the method wasa so
evauated using different andyst and adifferent instru-
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ment inthe samelaboratory.

Assay method precisonwasevauated by carrying
out SiX independent assaysof test sampleof Osdtamivir
Phosphate against qualified reference standard. The
%RSD of six assay values obtained was cal cul ated.

Limit of detection (L OD) and limit of quantification
(LOQ)

TheLOD and LOQ for Imp-1, Imp-2, and Imp-3
wereestimated at asgna-to-noiseratioof 3:1and 10:1
respectively, by injectingaseriesof dilutesolutionswith
known concentration!®. The precision study wasalso
carried out at the LOQ level by injecting six individual
preparations of Imp-1, Imp-2, Imp-3 and cal culated
the%RSD for theareas of eachimpurity.

Linearity

Linearity test solutionsfor assay method werepre-
pared from stock sol ution a seven concentration levels
from LOQ to 150% of assay analyte concentration
(LOQ, 50%, 80%, 100%,120% and 150%). The peak
areaversusconcentration datawas performed by least-
squareslinear regresson anadysis.

Linearity test solutionsfor rd ated substancemethod
were prepared by diluting theimpurity stock solutionto
therequired concentrations. The solutionswere pre-
pared at five concentration levelsfrom LOQ to 150%
(LOQ, 0.075%, 0.120%, 0.15%, 0.18% and 0.225%.
Thecorrelation coefficient, dopeand Y-intercept of the
calibration curvewasreported.

Accuracy

Theaccuracy of the assay method was eval uated
intriplicateat four concentrationlevels, i.e. LOQ, 50%,
100% and 150%in bulk sampleand drug product. The
percentages of recoverieswere cal cul ated.

Thestudy was carried out intriplicate at 0.075%,
0.15% and 0.225% of the analyte concentration. The
percentage of recoveriesfor Imp-1, Imp-2, Imp-3were
caculated.

Robustness

To determine the robustness of the developed
method, experimenta conditions were deliberately
changed and the resol ution between Osdtamivir Phos-
phate, Imp-1, Imp-2, Imp-3 was evaluated. Theflow
rate of themobile phasewas 1.0 mL min. To study the
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TABLE 1: System suitability report

Compd. usP USP  USP theoritical
resolution (Rs) tailing plates (N)

Imp-1 -- 1.04 13,892
Oseltamivir 27.271 0.88 16,410
phosphate
Imp-2 40.293 0.95 17,564
Imp-3 2.063 0.96 21,786

TABLE 2: Summary of for ced degradation results

M ass balance

% Assay (%assay+% Remarks
Time of active impuritiest% (major
substance degradation degradant)

Stress condition

products)

Acid hydrolysis _
(0.5M HCl) 2hr - OL1 999  Impurity-1
Base hydrolysis _
(0.5M NaOH) 2hr 943 999  Impurity-1
Oxidation _
(30%H.0,) 2hr 98.8 99.7 Impurity-1

i Unknown
Waier hydrolysis 2 hr 99.3 99.7 impurities
Thermal (105°C) 48hrs 992 998  Impurity-1
UV light 254 nm )
Light (photolytic 1200 £-ﬁ g-g :mgﬂ::gi
degradation) KLUX . -

TABLE 3: Resultsof accuracy study for drug substance

Added (%) (n=3) Recovered (ug) % Recovery
50 50.1 100.2
100 100.6 100.6
150 150 99.5

n=3, Number of determinations

effect of flow rateon theresolution, 0.2 unitschanged it
from0.8to 1.2 mL min™. Theeffect of pH on solution
of impuritieswas studied by varying+0.1 pH units (at
2.9 and 3.1 buffer pH). Intheall above varied condi-
tions, the components of the mobile phasewere held
constant as stated in section 2.3.

Solution stability and mobile phasestability

Thesolutionstability of aseltamivir phogphaeinthe
assay method was carried out by leaving both the test
solutions of sample and reference standard in tightly
capped volumetric flasks at room temperaturefor 24
h. The same sampl e solutions were assayed for 6 h
interval up to the study period. Themobile phase sta-
bility was also carried out by assaying thefreshly pre-
pared sampl e solutions against freshly prepared refer-
ence standard solutionsfor 24 hinterval upto 7 days.
M obile phase prepared was kept constant during the
study period. The% RSD of assay of Osdtamivir Phos-
phate was cal cul ated for the study period during mo-
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bile phase and sol ution stability experiments.

Thesolution stability of Osdltamivir Phosphateand
itsimpuritiesin therelated substance method was car-
ried out by leaving spiked samplesolutionintightly
capped volumetric flask at room temperaturefor 48 h.
Content of Imp-1, Imp-2, Imp-3 weredetermined for
every 12 hinterva up tothe study period.

M obile phase stability was also carried out for 7
daysby injecting thefreshly prepared samplesolutions
for every 24 hinterval. Content of Imp-1, Imp-2, Imp-
3werecheckedinthetest solutions. Mobilephasepre-
pared was kept constant during the study period.

RESULTSAND DISCUSSION

The chromatographic separation wasachieved on
aOyster-RP18e, (250x4.6) mmwith 5 um particles.
Themobile phase containsamixture of pH 3.0 Phos-
phate Buffer and M ethanol and Acetonitrileinthera
tion of 60:25:15 (v/v) Buffer consist of 0.05mM Potas-
sium dihydrogen Orthophosphate, pH adjusted to
3.0+0.05 using Orthophosphoric acid.

The flow rate of the mobile phase was 1.0 mL
min', Thecolumntemperaturewas maintained at 50°C
and the detection was monitored at awavelength of
207 nm. Theinjection volumewas 20uL . Solvent mix-
turewasused asdiluent. Therewasno interference of
blank with Impurities (Imp-1, Imp-2, and Imp-3) and
Osdtamivir.Theinterference of excipients(Dicacium
phosphate, Lactose, micro crystalinecd lulose) wasa so
checked by injecting sampl e solutions of excipients.
Therewasnointerference of excipientswith Impurities
(Imp-1, Imp-2 and Imp-3) and Oseltamivir peak. In
theoptimized conditionsOsdltamivir, Imp-1, Imp-2, and
Imp-3, werewd | separated with aresolution of greater
than 2 and the typical retention times of Imp-1,
Oseltamivir, Imp-2, and Imp-3 were about 5.1, 13.8,
72.3and 77.7 minrespectively. Thesystem suitability
resultsaregivenin TABLE 1. and thedeveloped LC
method wasfound to bespecificfor Osdtamivir andits
three impurities namely Imp-1, Imp-2, and Imp-3
(TABLE?2).

Anaysswasperformed for different batchesof bulk
drug samples (n=3) and for pharmaceutical dosage
forms(n=3). Resultsweregivenin TABLE 7. Sability
study resultsas per ICH Q1A (R2) for Oseltamivir®
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Dseltamivir Plosphate spiked
E with 0.15% impurities

maLl

min
Figure2: Typical chromatogram of oseltamivir phosphate
spiked with impuritiesat 0.15% level

weregivenin TABLE8and TABLEO.
Method validation
Precision

The%RSD of assay of Osdtamivir Phosphatedur-
ing assay method precision study waswithin 1.0% and
the %RSD of areaof Imp-1, Imp-2, Imp-3inrelated
substance method precision study werewithin 5%. The
%RSD. of assay resultsobtained inintermediate preci-
sion study waswithin 1.0% and the %RSD of content

of Imp-1, Imp-2, Imp-3 werewd | within 10.0%, con-
firming good precision of themethod(TABLE 6).

Limit of detection and limit of quantification

Thelimit of detection of Imp-1, Imp-2, and Imp-3
were 0.002, 0.012, and 0.004% (of analyte concen-
tration, i.e.1000ug mL ) respectively for 20 uL injec-
tion volume. Thelimit of quantification of Imp-1, Imp-
2, and Imp-3 were0.02, 0.05, and 0.02% (of analyte
concentration, i.e. 1000 ug mi) respectively for 20L
injection volume. Theprecision at LOQ concentration
for Imp-1, Imp-2, Imp-3 were below 5%

Linearity

Linear calibration plot for assay method was ob-
tained over the calibration ranges tested, i.e. 50%-
150% specificationlevel and the correlation coefficient
obtained wasgreater than 0.999. Theresultsshow that
an excellent corre ation existed between the peak area
and concentration of theanayte. Theslopeand Y-in-
tercept of the calibration curve were 59 and -18 re-
Spectively.

Linear cdlibration plot for related substance method
was obtained over the calibration rangestested, i.e.
LOQt00.225% for Imp-1, Imp-2, Imp-3. The corre-
lation coefficient obtained was greater than 0.998. Lin-
earity waschecked for rel ated substance method over

—— Fyll Peper
TABLE 4: Resultsof accuracy study for drug product

Added (ng) (n=3) Recovered (ng) % Recovery
50 49.7 99.4
100 100.2 100.2
150 148.2 98.8

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

Resolution
S Parameter Variation between
no. Imp-2 and
Imp-3
Flow rate (a) At 0.8ml/min 2.08
(£20% of the set flow) (b) At 1.2ml/min 212
pH (@) At 2.9 221
(£ 0.1 unit of set pH) (b) At3.1 2.16
Temperature (+5°C of (a) At 45°C 212
set temperature) (b) At 55°C 2.04
TABLE 6: Resultsof intermediate precision
S %RSD %RSD R;govlvuet;”
" Parameter Variation for for related
no. Imp-2 and
assay substances Imp-3
. (a)Shimadzu 0.12% <5.0% 212
Different (p)Agilent 1100 018% <50% 2.0
4 series VWD system
Different (8)B.N0:11050170 0.24% < 5.0% 2.24
column  (b)B.N0:11050176 0.26% < 5.0% 213
3 Different (a) Anayst-1 0.12% <5.0% 212
anayst  (b) Analyst-2 0.23% <5.0% 2.08
TABLE 7: Batch analysis
i i o Purity by Assay by
Batchno. Imp-1 Imp-2 Imp-3 HPLC  HPLC
Drug substance o o
DS00L 0.02 ND ND 99.68% 99.9%
DS002 0.02 ND ND 99.71% 99.9%
DS003 0.02 ND ND 99.71% 100.0%

Where ND =Not detected
TABLE 8: Accelerated stability data (storage conditions:

40°+2°C /75 +5% RH)

Bulk drug
b.no:DS Temperature 40 £2°C Relative Humidity 75+5%
001
Assay
Duration Ir_nlp |gp Isz imTL?:?tlies by Remarks
P HPLC
Initial 003 ND ND 0.35% 99.8% No significant
change observed
1%month 003 ND ND  0.37% 9999 o Sdnificant
change observed
2“Month 0.03 ND ND  036% 99,90 hoSanificant
change observed
3Month 002 ND ND 03206  99.9% hoSanficant
change observed

Where ND=Not Detected

the same concentrationrange. Thepercentageof R.S.D.
valuesof thedopeand Y-intercept of each component
iswithinthelimit. Theresultsshow that an excel lent
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correlation existed between the peak areaand concen-
tration of Imp-1, Imp-2, Imp-3.
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Figure3: Typical chromatogram of osdltamivir phosphate
sampleand stressed oseltamivir phosphate samples

Peak purity results for Photo degradation :
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peak purity results for thermal degradation :
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peak purity results for peroxide degradation
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Peak purity results for water degradation :
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Accuracy

The percentagerecovery of Oseltamivir Phosphate
in bulk drug samples ranged from 98.0 to 102.0
(TABLE 3). The percentage recovery of Imp-1, Imp-
2, and Imp-3inbulk drugs samplesranged from 85to
115. HPL C chromatogram of spiked sampleat 0.15%
leve of al 3impuritiesin Oseltamivir Phosphate bulk
drug sampleareshowninfigure2.

Robustness
Indl thedeliberate varied chromatographic condi-

—— Fuyl] Paper

tions carried out as per Section 2.6.6 (flow rate and
pH), theresolution between closaly e utingimpurities,
namely Imp-2 and Imp-3 was greater than 2.0, illus-
trating therobustnessof themethod (TABLE 4).

Solution stability and mobile phase stability

The%RSD of assay of Osdtamivir Phosphatedur-
ing solution stability and mobile phase stability experi-
mentswaswithinthelimit. Nosignificant changeswere
observed inthe content of Imp-1, Imp-2, Imp-3, dur-
ing solution stability and mobile phaseexperimentswhen
performed using rel ated substances method. Thesolu-
tion stability and mobilephase stability experimentsdata
confirmsthat sampl e solutions and mobile phase used
Assay Solution 24 hrs, Assay mobile phase 7 Days
and Related substances Sol ution stable at 48 hrsand
Mobile phase7 days.

Resultsof forced degradation studies

Degradation wasnot observed in Osdtamivir Phos-
phate stressed sampl esthat were subjected to Therma
, light, UV light and heat study. Thedegradation of drug
substance was observed under acid, water hydrolysis,
base hydrolysis, and oxidative conditions (Figure 3).
Osdtamivir Phosphateishighly sensitivetowardsbase
and it wasdegraded into Imp-1 during base hydrolysis
(in 0.5M NaOH after 2 hrsheating at 80°C). Thedrug
substance Oseltamivir Phosphate was degraded into
Impurity-1 duringacid hydrolysis, (in0.5M HCl after 2
hrsheating at 80°C). Thedrug substance Oseltamivir
Phosphateit was degraded into Imp-1 during in water
hydrolysis ((in Water after 2 hrsheating at 80°C) and
The drug substance Oseltamivir Phosphate was de-
gradedinto Impurity-1 during Oxidation,(in 30% H202
after 2 hrs heating at 80°C). Peak purity test results
derived from PDA detector, confirmed that the
Osdtamivir Phosphate pesk ishomogeneousand pure
inall theanayzed stress samples. Peak purity results
for degraded peaksfrom PDA detector confirm that
all-degradant peaks are homogeneousand purein al
anayzed stresssamples. No degradantswere observed
after 30 minintheextended runtimeof 90 minfor al
the Osdtamivir Phosphate samples[heat (105°C), UV
light, photolysis, acid hydrolysis (0.5M HCI), base hy-
drolysis(0.5M NaOH), water hydrolysisand oxida
tion (30%H,0,).]
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TABLE 9: Long stability data (stor age conditions: 25°+2°C/60+= 5% RH)

Bulk drug b.no: DS001

Temperature 25 £2°C relative humidity 60+ 5%

Duration Imp-1  Imp-2 Imp-3 Total impurities Assay byHPLC Remarks
Initial 0.03 ND ND 0.34% 99.9% No significant change observed
1% Month 0.03 ND ND 0.38% 99.8% No significant change observed
2" Month 0.03 ND ND 0.40% 99.8% No significant change observed
3 Month 0.03 ND ND 0.40% 99.8% No significant change observed
Where ND=Not Detected
Themassbalance of stressed sampleswascloseto REFERENCES

99.8%(TABLE 2). Theassay of Osdtamivir Phosphate
isunaffected in the presence ofImp-1, Imp-2, Imp-3
and itsdegradation products confirm thestability indi-
cating power of the developed method(TABLE 6).

CONCLUSIONS

Theisocratic RP-LC method devel oped for quan-
titative and related substance determination of
Osdtamivir Phosphatein both bulk drug and pharma:
ceutica dosageformisprecise, accurate and specific.
Themethod was compl etely validated showing satis-
factory datafor al the method validation parameters
tested. Thedeve oped method isstability indicatingand
can be used for the routine analysis of production
samplesand also to check the stability of samplesof
Osdtamivir Phosphate.
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