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ABSTRACT

A simple, linear, rapid, precise and stability-indting analytical method was developed for thenestiion of
related substances and degradants of Doxorubicirdghloride API and tablets. The chromatographipaations
were achieved using high performance liquid chragedph (X-Terra C18, 100mm X 4.6mm, ID with 3.5roris
particles column) employing mixture of 0.05mM amimonacetate, methanol and Acetonitrile (500:2500%) as
mobile phase in an isocratic elution mode with & @L/min flow rate was chosen. Two impurities weltded
within ten minutes of run time. The column tempegatvas maintained at 25°C and a detector wavelen§254
nm was employed. Doxorubicin HCI was exposed ), &cise thermal, photolytic, and oxidative stressditions.
The stressed samples were analyzed by the propnstitbd. The degradation of Doxorubicin hydrochleridas
observed under Acid hydrolysis, base hydrolysis @xidative hydrolysis. The drug was found to bélstan all
other stress conditions applied. Successful sefaraif the drug from organic impurities and degréida products
formed under forced degradation was achieved. Theldped HPLC method to determine the related anbst
and assay of Doxorubicin HCI can be used to evaltfa¢ quality of regular production samples. It ¢snalso used
to test the stability samples of Doxorubicin HCI.

Key words: Reverse Phase Liquid Chromatography, Doxorubicidrdghloride, Validation, Stress conditions,
Degradation Products.

INTRODUCTION

Doxorubicin  hydrochloride/Adriamycin  HCI  ((7S,9S9)H2R,4S,5S,6S)-4-amino-5-hydroxy-6-methyloxan-2-
ylloxy-6,9,11-trihydroxy-9-(2-hydroxyacetyl)-4-methky-8,10-dihydro-7H-tetracene-5,12- dione; hydraocide) is
antineoplastic agent, also called as anticancedlowg. Doxorubicin (HCI) is the prototype agent ofttaacycline
antibiotic, isolated from Streptomyces peucetiusogesius. It contains an amino sugar and an ayitirae ring.
Doxorubicin (HCI) is among the most useful cytotoxnticancerous drugs. It has a broad spectrumotenp
activity against many different types of cancerseesally haematologic malagnancies. Doxorubicin (HEused in
combination with different anticancerous drugs bdam best therapeutic effects and to reduce tie sffects or
toxicities.
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Doxorubicin (HCI) is of Semi Synthetic origin anelbngs to Anthracycyline. It belongs to intercalatiDNA
acting) pharmacological group on the basis of meisgha of action and also classified in Antineoplastigent,
Antibiotic pharmacological group.

DXRH (doxorubicin HCI liposome injection) is inditead for the treatment of patients with ovarian eneghose
disease has progressed or recurred after platirasaebchemotherapy. DXRH is indicated for the treatnof
AIDS-related Kaposi's sarcoma in patients aftetufai of prior systemic chemotherapy or intoleranaesuch
therapy.

The HPLC system will significantly decrease thegtiend cost per sample in the analytical proceskewhproving
the quality of the results.

Liquid chromatographic methods using different déte techniques are described in the literature tfe
determination of Doxorubicin HCI in rat plasmadditionally, UPLC method also available for theeatatination
of irinotecan and doxorubicin extracted from muripkesma, along with their major metabolites SN-3&l a
doxorubicinol respectively. And spectrophotometrgthods are available for determination of assajoixorubicin
HCI. Few analytical methods using HPLC are avadafur determination of assay in doxorubicin HCl.e$a
method require longer runtime and do not repredegtadants studied in this paper. To the best pkoowledge,
no method available in the literature can sepdnagairities Methyl paraben and Epirubicin using oal{0-minute
run time. The method was validated as per ICH dinds.

The chemical structures and names of Doxorubicirl @l its impurities Methyl paraben and Epirubicre
depicted in Figure 1. Although two impurities amensidered for method development and selectivitsp@ses,
these impurities are not detected in the sampl&ogbrubicin HCI.

EXPERIMENTAL SECTION

2.1 Chemicals:

Samples of Doxorubicin hydrochloride and its twaimities namely Epi rubicin and Methyl paraben (Ejgvas
received from Naprod Life sciences Pvt. Ltd, Mumbdaerck gradeMethanol, Acetonitrile & Ammonium Aats
was purchased from Merck, Darmstadt, Germany. Idigiity water was prepared by using a Millipore M@l plus
purification system.

Doxorubicin HCI: Structure and its imp — Methyl paraben & Epi rubicin

O OH 0]

HO NH, . Hcl
Molecular Formula = C,,H,;,CINO,,
Formula Weight = 579.9802

Chemical Name: (7S, 9S)-7-[(2R, 4S, 5S, 6S)-4-aBihpdroxy-6-methyloxan-2-ylJoxy-6,9,11-trihydro3y(2-hydroxyacetyl)-4-methoxy-8,10-
dihydro-7H-tetracene-5,12- dione; hydrochloride
Figure 1: Structure of doxorubicin hydrochloride
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Structure of Methyl paraben
OH

HaC
~o o)

Molecular Formula = C4HgO,
Formula Weight =152.14732

Chemical Name: Methyl 4-hydroxybenzoate
Structure of Epi rubicin

O OH 0]

Molecular Formula = C,,H,,NO,;
Formula Weight ~ =543.51926 N2

Chemical Name : 7S,9S)-7-[(2R,4S,5R,6S)-4-amingdbetty-6-methyloxan-2-ylJoxy-6,9,11-trinydroxy-H{gdroxyacetyl)-4-methoxy-8,10-
dihydro-7H-tetracene-5,12-dione

2.2 Equipment:

The HPLC system used for the method developmenvalidation consisted of gradient pumps from Agil&A60
Technologies, Ultra violet detector from Agilentch@ologies. USA, with autosampler and auto injecttve HPLC
system was equipped with data acquision and primgeseftware “EZ Chrome software” Agilent Technadkesy
USA.

2.3 Preparation of Standard solutions:

A stock solution of Doxorubicin Hydrochloride wasepared by dissolving appropriate amount of sulgstan
water and Acetonitrile (1:1). Working solutions 1ii0ug /mL were prepared from the above stock solutfonshe
determination of related substance and assay. Stokkions of impurities(mixture of Epi rubicin ardethyl
paraben) at 0.1 mg/mL were also prepared in watereetonitrile (1:1).

2.4 Chromatographic Conditions:

The Chromatographic separation was achieved on-aarka C18, 100mm X 4.6mm, ID with 3.5 microns s
column. Agueous Ammonium Acetate (0.05mM) Acetalgitand Methanol (500:250:250v/v) used as a mobile
phase. The mobile phase was filtered through nglembrane (pore size 0.4#n) and degassed by using vaccum
pump and sonicate for 15 minutes prior to use. it rate of mobile phase was 0.5 mL/min. The calum
temperature was maintained at 25°C and wave lewgdhmonitored at 254 nm. The injection volume wasL1
The standard and the test dilutions were prepargdater and Acetonitrile (1:1).

2.5 Validation of the method:

2.5.1 Specificity:

Specificity is the ability of the method to meastine analyte response in the presence of its pateéntpurities.
The specificity of the developed HPLC method forxBraubicin HCI was carried out in the presence fritpurities
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namely Epi rubicin and Methyl paraben. Stress stidiere performed for Doxorubicin HCI bulk drugprovide an
indication of the stability indicating property asgecificity of the proposed method. Intentionagmdelation was
attempted to stress conditions of UV light (254nh@at (70 °C), acid (0.1N HCI), base (0.1N NaOH},&xidation

(3.0 % H202) to evaluate the ability of the prombseethod to separate Doxorubicin hydrochloride fritsn
degradation products. For all degradation stugiesiod was 24 hours. Assay and related substancdéestwere
carried out for stress samples against qualifieckdDabicin hydrochloride reference standard. Assas \also
calculated for Doxorubicin hydrochloride samplesspikin gall for impurities at the specificatiorvés (i.e., 0.1%).

2.5.2 Precision:

The precision of the assay method was evaluateccamyying out six independent assays of Doxorubicin
hydrochloride test samples against a qualifiedresfee standard and calculate the %RSD of assayprBuésion of
the related substances method was checked byingesii ndividual preparations of Doxorubicin hgdhloride
(0.1mg/ mL) spiked with 0.1 % of Epi rubicin and ti@ paraben with respect to Doxorubicin hydroctder
analyte concentration. %RSD of area for each intpwf Epi rubicin and Methyl paraben was calculatéte
intermediate precision of the method was also etatliusing different analyst and different instratria the same
laboratory.

2.5.3 Limit of detection (LOD) and Limit of Quantification (LOQ):

The limit of detection and limit of quantificatiomere determined at a signal to noise of 3:1 and,@spectively,
by injecting a series of dilute solutions with knowoncentrations. Precision study was also caoigdat the LOQ
level by injecting five individual preparationsiofip Epi rubicin and Methyl paraben and then cal®dahe %RSD
of the peak area.

2.5.4 Linearity

Linearity test solutions for the assay method weepared from Doxorubicin Hydrochloride stock sins at five
concentration levels from 50% to 250% of assayyaealoncentration (50%, 100%, 150%, 200%, and 250%¢
peak area verses concentration data was treatedstysquares linear regression analysis.

Linearity test solutions for the related substamethod were prepared by dilution of stock solutierthe required
concentrations. The solutions were prepared at ¢imecentration levels from LOQ to 150% (1@§/mL) of

specification level of impurities namely imp - Epibicin and Methyl paraben (LOQ, 25%,50% 75%, 10@%d

150%). Above test were carried out of 3consecutilas in the same concentration range for bothyamsé related
substances method.

The % RSD value for the Slope and Y-intercept ef¢hlibration curve was calculated.

2.5.5 Accuracy:

The accuracy of the assay method was evaluatatplitate at three concentration levels50%,100% 850 % of
test concentration (0.1 mg/mL).The percentage adveries were Calculated. The accuracy study ofiiitips was
carried out in triplicate at50%, 100%, & 150% ofesification level (0.1%) to the Doxorubicin Hydrdaohide
analyte concentration (1Q® /mL).The percentages of recoveries for impuritiese calculated from the slope and
Y- Intercept of the calibration curve.

2.5.6 Robustness:

To determine the robustness of the developed metquerimental conditions were deliberately alteagd the
resolution between Doxorubicin Hydrochloride, imgpi rubicin and Methyl paraben was recorded. Tifieceof
the methanol ratio in mobile phase preparationistudn resolution by varying by-5 to + 5 %, whildher mobile
phase components were held constant as statedam@tographic conditions. The column temperature vaied
by -5 to + 5°C and flow rate of the mobile phasgadifrom — 0.1 to +0.1 mL/min.

2.5.7 Solution stability and Mobile phase stability

The solution stability of Doxorubicin Hydrochloride the assay method was carried out by leaving lioe test
solutions of sample and reference standard inlyigiaipped volumetric flasks at room temperature2é hrs. The
same sample solutions were assayed for 6 hrsvattap to the study period. The mobile phase stghilas also
carried out by assaying the freshly prepared sasgilgion against freshly prepared reference stahsialution for
6 hrs. interval up to 48 hrs. Mobile phase prepaved kept constant during the study period. The S® Ror the
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assay of Doxorubicin Hydrochloride was calculatedirty mobile phase and solution stability experitndrhe
solution stability of Doxorubicin Hydrochloride ariid impurities in the related substance method eeased out
by leaving spiked sample solution in tightly cappetumetric flasks at room temperature for 24 Risntent of imp
- Epi rubicin and Methyl paraben were checked anttst solutions.

RESULTS AND DISCUSSION

3.1 Optimization of Chromatographic conditions

The main objective of Chromatographic method iséparate Doxorubicin Hydrochloride from Its impiest Epi
rubicin and Methyl paraben. Impurities were co-efuusing different stationary phases such as Syrgn@t8,
150mm X 4.6, 5um ,Symmetry C18, 250mm X 4.6, 5unad Zorabax C8, 150mm X 4.6, 5um as well as differen
mobile phases. The Chromatographic separation whiewwed on aX-Terra C18, 100mm X 4.6mm, ID with 3.5
microns particles column using mixture of 0.05mM wonium acetate, Acetonitrile and methanol(500:250
:250v/v) as a mobile phase. The flow rate of théiteophase was 0.5 mL / min, at 25 °C column terapee, the
peak shape of the Doxorubicin Hydrochloride wasnfbuo be symmetrical. In optimized chromatographic
conditions of Doxorubicin Hydrochloride, Imp - Epibicin and Methyl paraben were separated withlutisn
greater than 2, typical relative retention timesevabout 0.83, 1.17, respectivelid 2).The system suitability
results are given iffable-2and developed HPLC method was found to specififmxorubicin Hydrochloride and
its two impurities namely Imp -Epi rubicin and Mgtiparabenig 1).

Fig.2: Chromatogram of (a) Blank (b) Doxorubicin Hydrochloride sample (c) Doxorubicin Hydrochloride sanple spiked with impurities
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(c) Doxorubicin Hydrochloride sample and spiked wih impurities
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Table-1: System suitability data

System suitability | Methyl paraben | Doxorubicin HCI | Epirubicin
Rt 4.16 5.0 5.85
RRt 0.83 1 1.17
Rs - 3.02 2.2¢
T 1.2 1.1 1.1
N 6513 3258 3581

3.2 Results of forced degradation studies:
Degradation was not observed in Doxorubicin HCI gl@mwhen subjected to stress conditions like ligtgat.
Doxorubicin HCI was degraded to Impurities Methg@rgben and Epi rubicin under Oxidative hydrolygisbase
hydrolysis and acid hydrolysis. Doxorubicin HCI wdesgraded under Oxidative hydroly$ksg.3).Peak purity test
results confirmed that the Doxorubicin HCI Pealk@snogenous and pure in all the analyzed stresslsanifthe
assay of Doxorubicin e HCI is unaffected in thesprece of impurities and its degradation producttficos the
stability indicating power of the method. The sumynaf forced degradation studies is given in Taghle
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Fig.3: Stress study Chromatogram of Doxorubicin HCla) in Photo degradation b) in base c) in acid dhermal e) peroxideblank f)
peroxide degradation
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(b) Stress study Chromatogram of Doxorubicin HCI Bae degradation
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(e) Stress study Chromatogram of Blank for Doxorukiin HCI Peroxide degradation
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(f) Stress study Chromatogram of Doxorubicin HCI Peoxide degradation
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Table-2: Summary of forced degradation

Stress condition: Time (hours) | Assay of Active substance (% | Total impurities (%) | Mass balance (Assay + impurities (%

Norma 24 99.9( 0.1C 10C

Acid hydrolysis 24 96.50 3.50 100

Base hydrolysis 24 99.30 0.49 99.79
Oxidation(3%H202) 24 88.99 11.01 100

Thermal at 70 oC 24 99.87 0.13 100

UV light 24 99.90 0.10 100
3.3 Precision

The %RSD of assay of Doxorubicin Hydrochloride dgrthe assay method precision study was within%.&2ad
the %RSD for the area of Imp —Methyl paraben andrépicin in related substances method precisiodysivas
within0.31 % & 2.19%. The %RSD of the assay resolitained inthe intermediate precision study wakiwil.5
% ,%RSD for the area of Imp - Methyl paraben and riapicin were well within 2.5%& 2.78 conforming gad

precision of the method.
3.4 Limit of detection (LOD) and Limit of Quantific ation (LOQ):

The limit of detection of all impurities namely ImgMethyl paraben and Epi rubicin were achieved0Qa88#1 0.32
pg/mL respectively for 1QuL injection volume. The limit of quantification dmpurities namely Imp - Methyl
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paraben and Epi rubicin are 0.96, & 0.9@/mL for 1QuL injection volume. The precision at the LOQ
concentrations for Imp - Methyl paraben and Epicunbwere below 7.5%.

Table-3 : Limit of Detection and Limit of Quantific ation

Name | Methyl parabe Epirubicin
LOD 0.32 0.32
LOQ 0.96 0.97

3.5 Linearity:

The linearity calibration plot for the assay metheas obtained over the calibration ranges tested50 to 15Q.g/

mL and correlation coefficient obtained was gre#tan 0.999.Linearitywas checked for assay methaat same
concentration range for 3 consecutives days. Th&BoRalue of the Slope and Y-Intercept of calibnaturve
were 1.4and 2.5 respectively. The result shows déimaexcellent correlation existed between the el and
concentration of the analysis. Linear calibratidot dor the related substances method was obtaoent the
calibration ranges tested i.e. LOQ to 150 % for kridethyl paraben and Epi rubicin. The correlatanefficient

obtained greater than 0.999. Linearity was chedkedhe related substances method over the sameentration
ranges for 3 consecutives days. The %RSD valut#sedSlope and Y-intercept of calibration curve we2and 2.8
respectively. The above results shows that an kextetorrelation existed between the peaks area thad
concentrations of Imp - Methyl paraben and Epi cubi

Table-4: Linearity data

Name Doxorubicin HCI | Methyl paraben | Epirubicin
Linearity (n=3)
Intercept -2761031.93 904.29 -1696.56
Slope 70017316.40 1203891.53 422054.32
r 0.99974 0.99991 0.99991

n, number of determinations

3.6 Accuracy
The percentage recovery of Doxorubicin hydrochkerid bulk drug samples was ranged from 99.5 to 2.60.
(Table-5).The percentage recoveries of all two irtj@s in Doxorubicin Hydrochloride samples varigdm 98.5-
101.5%

Table-5: Accuracy data

Doxorubicin HCI
99.5-100.2

Name
Accuracy % Recover

Methyl paraben
98.5-101.5

Epirubicin
99080

3.7 Robustness

In all the deliberate varied chromatographic cdodig (flow rate, composition of organic solvent &Ilemn
temperature) the resolution between critical piagr, Doxorubicin HCI and imp- Methyl paraben, Efficin was
greater than 2.0, illustrating the robustness efrttethod.

3.8 Solution stability and Mobile phase stability

The % RSD of assay of Doxorubicin Hydrochlorideidgrsolution stability experiments were within 0.1%0
significant change were observed in the contenipirities namely imp —Methyl paraben and Epi rubiduring
the solution stability and mobile phase stabiligperiments when performed using the related substamethod.
The solution stability and mobile phase stabilikperiment data confirms that the sample solutiath ranbile phase
used during the assay and the related substaneemileation were stable for 48 hrs.

CONCLUSION

The RP HPLC method developed for quantitative atated substance determination of Doxorubicin hgdiaride
is linear, accurate, precise, rugged, rapid andipeThe method was fully validated showing staisory data for
all method validation parameters tested. The d@eslanethod is stability indicating and can be coiemtly used
by quality control department to determine thetezlasubstance and assay in regular Doxorubicin étydoride
production samples and also stability sampleshénRP HPLC technique all the impurities were sepdraithin a
short time.
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