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ABSTRACT

An HPLC method with UV detection to understand degradation path way of epirubicin and it’s quantification in
injection as pharmaceuticalsform has been devel oped and validated as per guidelinesfrom ICH. It isto be employed
for routine and stability analysis of epirubicin. A linear isocratic el ution wasemployed starting with 44%A, 18% B and
36% C up to 30 min. Mobile phase A was 1.5g/mL of sodium lauryl silicates add 1.0mL of ortho phosphoric acid and
adjust pH-3.6 with sodium hydroxide. B and C were methanol and acetonitrile respectively. UV detection was per-
formed at 254 nm. The chromatographic columnwasInertsil ODS-3 (150mm X 4.6mm) 5.0u kept at 25°C. All impurities
were separated and it was possible to quantify the epirubicin in formulation with precision and accuracy. The method
was validated for determination of epirubicin over linearity range from 67.20ug/mL to 100.80pg/mL with limit of

detectionwas0.12pg/mL.

INTRODUCTION

Epirubicin Hydrochlorideisan anthracyclinede-
rivative, Chemotheraptic agent; it isthe 4'-epimer of
doxorubicin and a semi-synthetic derivative of
daunorubicin. Epirubicin hasthe chemica name (8S-
cis)-10-[(3-Amino-2, 3, 6-trideoxy-a pha-L-arabino-
hexopyranosyl)oxy]-7, 8, 9,10-tetrahydro-6, 8, 11-tri-
hydroxy-8-(hydroxyacetyl)-1-methoxynaphthacene-
5,12-dionehydrochloride. Epirubicin Hydrochloridehas
asimilar spectrum of activity andtoxicity asdoxorubi-
cin. Epirubicin Hydrochlorideisan anthracycline anti-
bi otic with antineopl astic actions similar to those of
doxorubicin.

Epirubicin hydrochlorideisared colored powder
withmolecular formulaof C,H.,NO,,. HCl andamo-
lecular weight of 579.99 while epirubicin has molecu-
lar formulaC, H./NO,,, and amolecular weight of
543.49.
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Epirubicin Hydrochl orideisthe most important an-
titumor agent, whichisderivative of anthracyclineanti-
biotics. Thefungus Strep peucetius var. caesi us pro-
ducesthem. Idarubicin, doxorubicin and daunorubicin
arethesynthetic derivatives. Although they differ dightly
inchemica gructure. Daunorubicinand Idarubicin have
been used primarily inthe acuteleukemia’s where as
epirubicin displaysbroader activity against human neo-
plasm, including avariety of solidtumors. Thesedl de-
rivatives shown promisein clinical studiesincluding
Idarubicin, epirubicin and the synthetic compound
mitoxantrone; whichisan amino anthracenediong*®

Theanthracyclineantibioticshavetetracyclinering
sructurewith anunusua sugar, daunosamine, attached
by glycosidiclinkage“®. Cytotoxic agentsof thisclass
al have quinone and hydroguinone moietieson adja
cent ringsthat permit them to function aselectron-ac-
cepting and donating agents. Although thereare marked
differences in the clinical use of daunorubicin and
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doxorubicin, their chemica structuresdiffer only by a
single hydroxyl group on C14. Idarubicin is 4-
demethoxydaunorubicin, a synthetic derivative of
daunorubicin without methoxy group on C14 of the
glycone ring. It is used, alone or with other
antineopl astics, inacuteleukaemias, lymphomas, mul-
tiplemyeloma, and in solid tumoursincludingWilms’
tumour, cancer of the bladder, breast, and stomach.
Thechemicd structuresareasfollows:

, HCI

OH
NH,

O OH O

NH,
Figure4: Daunorubicin
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Figure5: Daunor ubicinone

Epirubicin Hydrochlorideisavailablefor intrave-
nous use. The recommended doseis60 to 75mg/m?,
administered® asasinglerapidintravenousinfusion; it
isrepeated after 21days.

Literature survey reveals number of anaytical
method have been reported for the derivatives of
epirubicin hydrochloride (Figure 1) but no analytical
method has been reported in pharmacopoeiafor the
quantification of epirubicininformulations. Only one
smplesengtiveisocratic high performanceliquid chro-
matographic method has been reported to measurethe
concentration of epirubicin hydrochloridein raw mate-
rial with UV detection at 254nm. Themethod usesa
slica gd (250mm X 4.6mm) 6 as analytical column.
Themobilephase consist of 17 volumes of methanal,
29 volumeof acetonitrileand 54 volumesof asolution
containing 3.7g/mL of sodium laurilsulphateRand 2.8
percent V/V of diluted phosphoric acid. Theflow rate
is2.5mL/minwith column oventemperature 35°C.["

Another high performanceliquid chromatography
method hasbeen reported in Therauptic Drug monitor-
ingfor thequantification of epirubicinand their metabo-
litesin plasma®

One coupled-column liquid chromatographic
method has been reported for the quantification of
epirubicinand their metabolitein biological materia @

Doxorubicin Hydrochloride (Antineoplastic drug)
isavailablefor intravenoususe. Therecommended dose
is60to 70 mg/m?, administered asasinglerapidintra-
venousinfusion. Itisto berepeated after 21 days. Care
hasto betaken to avoid extravenousinfusion since se-
verelocal ves cant action and tissue necrosil may re-
sult. Asfor dounorubicin, patients must be advised that
thedrug may impart ared color to the urine.

Doxorubiciniseffectivein acuteleukemiaand ma:
lignant lymphomas. A rgpid Smpleand sensitiveisocratic
HPL C method was devel oped to measurethe concen-
tration of Doxorubicinwith UV detection at 254 nm9,

Daunorubicin Hydrochl oride (Antineopl astic drug)
isavailablefor intravenoususe. Therecommended dose
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is30to 60mg/m?daily for 3 days. Theagent isadmin-
istered with appropriate careto prevent extra-vasation,
snceseverelocd vers cant action may result and there-
fore patients should be advised that thedrug might im-
part ared colour to theurine.

Daunorubicinisvery useful inthetrestment of acute
lymphocytic and acute granul ocytic leukemia’s. A re-
verse phase HPL C method has been validated for the
guantification of Daunorubicin®Y,

The Objectiveof the present work wasthe devel -
opment and validation of astability indicating HPLC
method with UV detectionfor determiningepirubicinin
different formulation aspharmaceutical formtobeem-
ployedinroutineand stability analyss.

EXPERIMENTAL

Apparatus

AnAgilent technologiesHPLC 1100 series(Las
Rozas, Madrid, Spain) provided with an automatic
injector, adiode-array detector and acolumn oven
was used for chromatographic andyss. Thechromato-
graphic separation was achieved on Inertsil ODS-3
(150mm X 4.6mm) 5.0u column with column oven
temperature of 25°C.

A linear isocrdti cd utionwasemployed sarting with
44%A, 18% B and 36% C up to 30 min. Mobile phase
A was1.5g/mL of sodiumlauryl slicatesadd 1.0mL of
ortho phosphoric acid and adjust pH-3.6 with sodium
hydroxide. B and C were amethanol and acetonitrile
respectively. Theflow ratewas 1.3ml/minand thein-
jectionvolumewas 10uL. UV detection was performed
a 227 nmand peskswereidentified with retention times
ascompared with standards and during method devel -
opment by spiking.

Chemicals

Standard of epirubicin, impuritiesof epirubicin, in-
jection of epirubicin and placebo were obtained by Can-
cer Hospitd, Gwalior, Sodiumlauryl sllicatefrom BDH
Limited, Sodium Hydroxide, Ortho phosphoric acid,
Methanol and Acetonitrilefrom Qudigens. HPLC grade
water from Merk.

Optimization of HPL C method
Sdectivity under RP-HPL C conditionscan becon-
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trolled by mobile phase composition, pH, temperature
and stationary phase chemistry. The parameterswere
varied to achievethe separation.

Sandard solution and samplepreparation

Samplesweredissolvedin solvent A: methanol: ac-
etonitrile44:18:38 (v/v), being solvent A: 1.5g/mL of
sodium lauryl silicatesadd 1.0mL of ortho phosphoric
acid and adjust pH-3.6 with sodium hydroxide. For
quantitation Pipette2mL of epirubicininjectionin50mL
volumetricflask, dissolved and rinsewith mobilephase
and make up thevolumewith mobile phaseto get fina
concentration of 80pg/mL.

A stock solution of epirubicin wasprepared with
about 50mg of epirubicin Hydrochl oridewasweighed
in 25mL volumetric flask, dissolvedin mobile phase
and make up the volumewith mobilephase. Thisso-
lution was diluted quantitatively with the same sol -
vent to get final concentration of 80ug/mL of
epirubicin Hydrochloride.

System suitability check

System suitability!'? was checked with standards
chromatograms. Standard solutionwasinjectedinsix
replicate. Thetailing factor of epirubicin peak was not
morethan 2.0, column efficiency wasnot lessthan 4348
theoretical plates. Relative standard deviation of area
of epirubicin peak for six replicateinjections of stan-
dard solution wasnot more than 2.0%.

Validation

Method validationisthe processof provingthat an
analytical method isacceptablefor itsintended pur-
pose. For pharmaceuticalsmethods, guidelinesfromthe
united state pharmacopoeia (USP)1*3, International
Conference on Harmoni zation (ICH)4 and the Food
and drug administration (FDA)!*5¢ provide aframe-
work for performing suchvaidation.

Selectivity*18 wastested by injecting the placebo
of thepharmaceutical specialty and checkingthat there
was no interference peak and by spiking the drug sub-
stance and the drug product with appropriate level s of
standards and demonstrating the separation of these
impuritiesindividually and other componentsin the
samplematrix. Moreover, identification of each impu-
rity wasconfirmed with retention timeascompared with
those of pure standardsand by spiking.
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For epirubicin method, linearity!™? isdetermined by
preparing standard solution at five concentration levels
over arangefrom 67.20ug/mL-100.80pg/mL. Linear-
ity wastested by adding proportiona weight of thepla:
cebo to each flask. The correlation coefficient, slope
and intercept were determined. Thedataisprovidedin
TABLE 1.

TABLE 1: Linearity data

Sr.No. Parameter Concentration Result’s
1. Linearity  67.20pg/mL-100.80pg/mL. R*=1.0000
2. Slope 10403
3. Intercept 888.21

For pharmaceutical studies, themost widely used

—— Fyll Peper

approach totest accuracy istherecovery study, which
isperformed by spiking analytein blank matrices. It
wastested at three different concentration level which
were67.20ug/mL, 84.20ug/mL and 100.80pg/mL. The
percent recovery was in the range of 99.19% to
100.54%.

Intra-assay precision datawere obtai ned by repest-
edly analyzing the sampleswhich wasindependently
prepared according to the method procedure. Datato
eva uate intermediate precision were obtained by re-
peating theintra-assay experiment on adifferent day
with anewly prepared mobilephaseand samples. Rela-
tivestandard deviation of resultswas0.47%. Thedata
isprovidedin TABLE 2.

TABLE 2: Intermediateprecison data

Sr.No Equipment Analyst Reagent Assay Mean RSD
Water, HPLC grade (Milli Q)
Acetonitrile, S.D.Fine Chemicals
(B.No-H02/1476/0602/53)
1 Ingrument-1 Analyst-1 2.10mg/mL

Methanol:Qualigens, (B.No-NL45536112H2)

Ortho Phosph Acid, Qualigens, (B.No-NL00566208S)
Sodium Hydroxide, Qualigens, (B.No-NL45716203S)

Water, HPLC grade (Milli Q)
Acetonitrile, Qualigens, (B.N0-58956209T)
Methanol:S.D.Fine Chemicals

2 Ingrument-2 Analyst-2

2.12mg/mL 2.11mg/mL 0.47%

(B.N0-J02A/1597/1002/53)
Ortho Phosph Acid, Qualigens, (B.No-NL00566208S)
Sodium Hydroxide, Qualigens, (B.No-NL45716203S)

3 Ingrument-3 Analyst-3

Water, HPLC grade (Milli Q)

Acetonitrile, Merck, (B.No-RH2NF52026)
Methanol:S.D.Fine Chemicals
(B.No-B02A/1724/2812/53)

Ortho Phosph Acid, Qualigens, (B.No-NL00566208S)
Sodium Hydroxide, Qualigens, (B.No-NL45716203S)

2.11mg/mL

LOD & LOQ™ of epirubicinwasdeterminedand  Limit for LOQ a 0.40 pg/mL with %6RSD=0.59%.

precision was established at the predicted concentra-

Thedataisprovidedin TABLE 3.

tion. % Rd ative standard deviationswasfound within
TABLE 3: Precisonat LOQ levd.

RESULT AND DISCUSSION

Conﬁz?ltlf'on '\rl”oelﬁtrfg é‘(;uer‘?t Mean RSD ~ Atypical chromatogram of epirubicinisshownin
10.15 Figure 6 and peak purity of the sampleswasal so de-
10.02 termined by areanormalization method. Throughout this
0.40ug/mL 10uL 10.03 1004 059% Study thepeak purity wasconfirmed by photo diode
10.00 array detector (PDA), which incorporates 512 diodes
10.02 over UV-VIS spectral rangeto evaluate UV spectra
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across the peak of interest hence the method is spe-
cific. Presented method issengtiveenough andisfound
to belinear intherangeof 67.20 pg/mL to 100.80 pg/
mL with R2 1.0000. Accuracy of the method was es-
tablished by recovery, therecovery valuesarewithin
theacoeptablelimit at different concentrationleve (50%,
100% and 150% of specification). Over all recovery
rangesfrom 99.19% to 100.54% and thisindi catesthat
themethod isaccurate. Repeatability, reproducibility
and intraday precision were performed as system pre-
cidon, method precisonintermediate precison and rug-
gednessvauesobtained werevery well withintheac-
ceptancecriteria. Limit of quantitation of the method
was0.4 pg/mL and limit of detection was 0.12 pg/mL.

In addition the robustness of themethod makesit

easy for an operator to generatereproducibledata. The
method isrobust under different conditionslike change
inmobile phase, column, flow, temperatureand wave-
length. ThedataisprovidedinTABLE 4.

L

Figure 6 : Chromatogram of Doxorubicinone (1),
Daunor ubicinone (2), Doxor ubicin (3), Epirubicin (4) and
Daunor ubicin (5).

A

TABLE 4: Robustnessdata

ﬁlro. Column M obile Phase Flow rate Temperature Wavelength EApiSfﬁ)k/)i(():]icn
1.0 C18, Inertsil ODS3, 5p (150X4.6) mm Buffer:MeOH:ACN (40:20:35) 1.2ml/min 35°C 256nm  2.05mg/mL
2.0 Water’s Novapack ODS, 4u (150X3.9) mm Buffer:MeOH:ACN (43:18:37) 1.0ml/min 30°C 252nm  2.11mg/mL
3.0 C18, Inertsil ODS3, 3u (150X4.6) mm Buffer:MeOH:ACN (45:17:37) 1.0ml/min 34°C 258nm  2.12mg/mL

In order to vdidate the stability indi cating power of
theandytica procedure, epirubicin standard and sample
weretreated with acidic, basic, oxidative media, heat
andlight.

For Heat stressing epirubicin Injection samplewas
kept at temperature 105°C for 5.0 Hrs in oven to ob-
serve degradation. Degradation was very rapid, one
major polar degradant doxorubicin was observed hav-
ing RRT 0.99.

For basestressepirubicininjection wasdilutedin
0.01 N NaOH, asdegradation wasvery severein 0.01
N NaOH, duration of studieswasvery small no UV
active degradation was observed but epirubicin was
degraded therefore sodium hyperoxidewasfurther di-
luted to 0.001 N and study was carried out and ob-
served degradation pattern was same.

For light stressing epirubicin Injection samplewas
placed under whitefluorescent light at therate of 2400-
kilolux per Hoursat 15°C and analyzed at regular in-
tervd of time. No degradation observed during the study.

For peroxide stressepirubicininjection wasdiluted
in30% H,0,. Degradation wasobserved within hours
of time. A polar lipophilicimpurity A having RRT 0.84
and nonpolar impurity B having RRT 1.45was gener-

ated in peroxide stressing. Epirubicin was degraded
within 23 hoursand converted into impurity A and Im-
purity B.

For Acid stressing epirubicin Injection wasdiluted
with 0.1N HCI. Degradation was very slow at room
temperature so study was carried out up to 71 hoursin
order to establish the degradation. One major polar
degradant doxorubicinwas observed having RRT 0.99.

Data of forced degradation study presented in
TABLEDS.

TABLE5: Forced degradation study data

Iirc;. Condition Duration Dgge?:dgnt | nfee;kity

1. Heat 105°C 5 Hours Yes Yes
Light

2. (2400 Kilolux/hour) 15 Days No Yes
Fluoresent Lamp

3. 0.1NHC 71 Hours Yes Yes

4. 0.01 N NaOH Initial Yes Yes

5. 0.001 N NaOH 30 Hours Yes Yes

6. 30% H,O, 23 Hours Yes Yes

The stressed sampleswere analyzed on HPLC.
The purity of the samples was al so determined by
area normalization method. Throughout the study
peak purity was confirmed by photo diode array
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detector (PDA), whichincorporates 512 diodes over
UV-VIS spectral range to evaluate UV spectra
across the peak of interest.

CONCLUSION

The presented work describing areverse phase
HPL C method for the determination of epirubicinis
specific, accurate, rugged, precise, linear and can be
applied for the quantification of epirubicinin different
drug products. Validated method permitsthe separa-
tion and identification of four impuritiesof epirubicin.
Themethod was successfully applied for the determi-
nation of epirubicinininjectablesand can beappliedto
other drug products and drug substanceswith minor
modificationand optimization.
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