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ABSTRACT

A LC method with UV detection to understand degradation path and quantification of irinotecan in injection as
pharmaceuticals form has been developed and validated as per guidelines from ICH, USP and other regulatory
agencies. It isto be employed in routine and stability analysis. A linear isocratic €l ution was employed starting with
72% A and 28% B up to 30 min. M obile phase A was 0.005 M Heptance sulphonic acid and 0.05 M Dibasic phosphate
buffer of pH 3.0. Mobile phase B was acetonitrile. UV detection was performed at 254 nm. The chromatographic
columnwas Hypers| C18, Hyper bond (300mm X 3.9mm) 10.0u kept at room temperature. All impurities were separated
and it was possible to quantify theirinotecan in formulation with reasonable accuracy and precision. The method was
validated for its specificity, precision, accuracy, linearity, ruggedness and robustness. Correlation coefficient for
irinotecan peak areawas found to be 1.000 for linearity ranging between 32.49 pg/mL to 48.74 ug/mL and limit of

detectionwas0.50 pg/mL.

INTRODUCTION

Irinotecan hydrochlorideisasemi synthetic deriva-
tiveof camptothecin, an akaoid extract from plant such
as Camptothecaacuminata. Irinotecan hydrochloride
isasemisynthetic piperidine-containing ana ogue of the
plant aka oid, camptothecin. Irinotecan hasthe chemi-
ca nameis(S)-4,11-diethyl-3,4,12,14-tetrahydro-4-
hydroxy-3,14-dioxolH-pyrano[3',4':6,7]-
indolizino[1,2-b]quinolin-9-yl-[ 1,4 bipiperidine]-1'-
carboxylate, monohydrochloride, trihydrate. Although
irinotecan and itsactive metaboliteexistin alkaineso-
lutioninan equilibrium of |actoneand ring-opened forms.
Irinotecan, awater-solubleana oge of camptotecin, is
aninhibitor of DNA topoisomerasel developedin Ja
pan. It hasclinica therapeutic efficacy against various
malignanciessuch ascervical, colorecta, lungand ova
rian cancersand non-Hodgkin’s lymphoma. Although
irinotecan has been reported to beinactivefor salvage
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therapy of breast cancer in Europe. It was approved
for usein breast cancer in Japan.

Itsmolecular formulaisC_H_N,O.HCI.H,0O, and
itsmolecular weight is677.1. Irinotecan, asthe hydro-
chlorideisapaleyellow to yellow crystalline solid.
Irinotcan issolublein methanol and water!Y,

Irinotecanisasemi synthetic derivativeof theplant
dkdoid camptothecin. Similar totheparent compound,
irinotecan and itsactive metabolite, SN-38, blindtoand
dtabilizethetopoisomerasel-DNA complex, whichleads
to the formation of irreversible DNA strand breaks.
Irinotecan produces cdll cycle specific cytotoxicity with
cdlsin S- phase 100-1000fold moresengtivethancells
in the G, or G, phase. The chemical structure of
Irinotecan hydrochlorideis shown below. It hasbeen
selected from many derivativesof podophyliotoxin that
have been synthesized during the past 20 years.

Irinotecan is a derivative of camptothecin.
Camptothecinsinteract specifically with the enzyme
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topoi somerasel whichrelievestorsond straininDNA
by inducing reversiblesingle-strand breaks. Irinotecan
and its active metabolite SN-38 bind to the
topoisomerasel-DNA complex and prevent religation
of these single-strand breaks. Current research sug-
geststhat thecytotoxicity of irinotecan isdueto double-
strand DNA damage produced during DNA synthesis
when replication enzymesinteract with theternary com-
plex formed by topoisomerase I, DNA, and either
irinotecan or SN-38. Mammadian cdlscannot efficiently
repair these double-strand breaks.

Irinotecan serves asawater-sol uble precursor of
thelipophilic metabolite SN-38. SN-38isformed from
irinotecan by carboxylesterase-mediated cleavage of
the carbamate bond between the camptothecin moiety
andthedipiperidino sidechain. SN-38isapproximately
1000 times as potent asirinotecan as an inhibitor of
topoisomerase| purified from human and rodent tumor
cdl lines. Invitro cytotoxicity assaysshow that the po-
tency of SN-38relativeto irinotecan variesfrom 2- to
2000-fold. However, the plasmaareaunder the con-
centration versustime curve (AUC) valuesfor SN-38
are 2% to 8% of irinotecan and SN-38is 95% bound
to plasma proteins compared to approximately 50%
bound to plasmaproteinsfor irinotecan. The precise
contribution of SN-38 to the activity of irinotecanis
thusunknown. Both irinotecan and SN-38 existinan
activelactoneformand aninactive hydroxy acid anion
form. A pH-dependent equilibrium existsbetween the
two formssuchthat an acid pH promotestheformation
of the lactone, while amore basic pH favorsthe hy-
droxy acidanionform.

OH,
Figurel: Irinotecan hydrochloride

Administration of irinotecan hasresulted in antitu-
mor activity in mice bearing cancersof rodent origin
andinhuman carcinomaof varioushistol ogica types.

Irinotecanissupplied asasterile, paeydlow, clear,
aqueoussolution. Itisavallableintwo sngle-dosesizes:
2 mL-fill viadscontain 40 mgirinotecan hydrochloride
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and 5 mL-fill vials contain 100 mg irinotecan hydro-
chloride. Eachmilliliter of solution contains 20 mg of
irinotecan hydrochl oride (on the basis of thetrihydrate
salt), 45 mg of sorbitol NF powder, and 0.9 mg of lactic
acid, USP. The pH of the solution hasbeen adjusted to
3.5 (range, 3.0to 3.8) with sodium hydroxide or hy-
drochloricacid. Irinotecanisintended for dilution with
5% DextroseInjection, USP (D5W), or 0.9% Sodium
Chloridelnjection, USP, prior to intravenousinfusion.
The preferred diluent is5% Dextrose Injection, USP,
Reported andytical method of irinotecan hasbeen
used to quantify lactonefromirinotecanindifferent buffer
solutions. Kramer and Thiesen*4 eval uated the physi-
cochemical stability of irinotecan injection concentra-
tionand diluted infusion solutionin polyvinyl chloride
bags. The method was shown to be stability indicating
by accelerated was about 15 min. All reported method
evauated elther stability of irinotecanindifferent solu-
tion or checked the compatibility of theirinotecan with
different infusion solution. Henceattention hasbeenfo-
cused to devel oped HPL C method to understand deg-
radation path of theirinotecan aswell asfor anadysisof
stability samplesto establish the sdf lifeof thedrug.

Figure4: Camptothecian

EXPERIMENTAL

Apparatus
A Shimadzu LC 10A HPLC system provided with

Au Tudian Yournal



ACAIlJ, 10(10) 2011

A.K.Srivastava et al.

667

an automatic injector, aUV detector and acolumn
oven was employed. The chromatographic analysis
wasperformed on Hypersil C18, Hyper bond (300mm
X 3.9mm) 10.0p column with column oven tempera-
ture of 25°C.

A linear isocrdti c d utionwasemployed sarting with
72% A and 28% B up to 30 min. Mobile phase A was
0.005 M Heptance sulphonicacidand 0.05 M Dibasic
phosphate buffer of pH 3.0. Mobile phase B was ac-
etonitrile. Theflow ratewas 1.0 ml/minandtheinjec-
tionvolumewas10uL. UV detection was performed
a 254 nmand peskswereidentified with retentiontimes
ascompared with standards and during method devel -
opment by spiking.

Chemicals

Standard of irinotecan HCl and impuritiesaswell
asinjection and placebo of the specidty were provided
by Cancer Hospitd , Gwalior, Heptance sulphonic acid
and dibasi c phosphate buffer from J. T. baker Limited,
Dimethylformamide, Orthophosphoricacid and metha:
nol from Qualigens, Acetonitrilefrom S. D. fine chemi-
caslimited. HPLC gradewater from Merk limited.

Optimization of HPL C method

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

Sandard solution and samplepreparation

Sampleswere dissolvedin solvent A: acetonitrile
72:28 (viv), being solvent A: 0.005 M Heptance
sulphonic acid and 0.05 M Dibasi ¢ phosphate buffer
and adjust pH-3.0 with ortho phosphoric acid. For
quantitation Pipette2mL of irinotecaninjectionin 100mL
volumetricflask, dissolved and rinsewith methanol and
make up the volumewith mobile phase. Further dilute
thissolutionto get fina concentration of 40ug/mL.

A stock solution of irinotecan was prepared with
about 40mg of irinotecan wasweighedin 100 mL volu-
metric flask, dissolved in methanol and make up the
volumewith mobilephase. This solutionwasdiluted
guantitatively with the same mobile phaseto get final
concentration of 40pg/mL of irinotecan.

System suitability check

System suitability®™ was checked with standards
chromatograms. Standard solutionwasinjectedinsix
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replicate. Thetailing factor of irinotecan peak wasnot
morethan 2.0 column efficiency was not lessthan 4348
theoretical plates. Relative standard deviation of area
of irinotecan peak for six replicateinjections of stan-
dard solution was 0.10%.

Validation

Method validationisthe process of provingthat an
analytical method isacceptablefor itsintended pur-
pose. For pharmaceuti calsmethods, guidelinesfromthe
united state pharmacopoeia(USP), Internationa Con-
ference on Harmonization (ICH)!™ and the Food and
drug administration (FDA)® provideaframework for
performing such vaidation.

Sdl ectivity!>' wastested by injecting the placebo
of thepharmaceutical specialty and checkingthat there
was no interference peak and by spiking thedrug 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 was confirmed with migration time as compared
with those of pure standards and by spiking.

For irinotecan methods, linearity!'>** is determined
by preparing standard solution a five concentration lev-
elsover arangefrom 32.49 pg/mL to 48.74 pg/mL.
Linearity wastested by adding proportional weight of
the placebo to each flask. The correlation coefficient,
sdopeandintercept were determined. Thedataispro-
videdinTABLE 1.

TABLE 1: Linearity data

3. Par ameter
No.

1. Linearity  32.49 pg/mL to 48.74 ug/mL. R?=1.0000
2. Slope 10403
3. Intercept 888.21

Concentration Result’s

For pharmaceutica studies, themost widely used
approach totest accuracy istherecovery study, which
isperformed by spiking analytein blank matrices. It
wastested in the samelinearity assay whichis 32.49
ng/mL and 48.74 pg/mL. The percent recovery was in
therange of 99.55% to 101.04%.

LOD & LOQ of irinotecan was determined and
precision was established at the predicted concentra-
tion. % Relative standard deviationswasfound within
Limit for LOQ at 2.50ug/mL with %RSD=0.45%. The
dataisprovidedin TABLE 2.
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Intra-assay precision datawere obtained by repest-
edly analyzing the sampl eswhich wasindependently

TABLE 2: Precisionat LOQ level.
Concentration Injection Area

prepared according to the method procedure. Datato ng/mL, Volume _Count M RSP
eval uateintermediate precision were obtained by re- 54131
peating theintra-assay experiment on adifferent day 54597
withanewly prepared mobilephaseandsamples. Rdla 2.50ug/mL 20uL 54163 54392 0.45%
tive standard deviation of resultswas0.85%. Thedata 54263
isprovidedin TABLE 3. 54807
TABLE 3: Intermediateprecison data
Sr.No Equipment Analyst Reagent Assay Mean RSD
Water, HPLC grade (Milli Q)
Acetonitrile, Qualigens, B.No-NL1470600H2
1 Instrument-1 Analyst-1 NaHPO,:Qualigens, B.No-NL78995802 20.57mg/mL

Ortho Phosph Acid, Qualigens, B.No-26825905H
1-Heptanesulphonic acid (J.T Baker), B.No-L05634

Water, HPLC grade (Milli Q)

Acetonitrile, J.T Baker, B.No-NL1470600H2

2 Instrument-2  Analyst-2

Na,HPO,:Qualigens, B.No-NL 78995802

20.84mg/mL  20.77mg/mL  0.85%

Ortho Phosph Acid, Qualigens, B.No-26825905H
1-Heptanesulphonic acid (J.T Baker), B.No-L05634

Water, HPLC grade (Milli Q)

Acetonitrile, Qualigens, B.No-NL1470600H2

3 Instrument-3  Analyst-3

Na,HPO,:Qualigens, B.No-NL 78995802

20.90mg/mL

Ortho Phosph Acid, Qualigens, B.No-26825905H
1-Heptanesulphonic acid (J.T Baker), B.No-L05634

RESULT AND DISCUSSION

A typica chromatogram of irinotecanisshownin
Figure 1 and peak purity of the sampleswasa so de-
termined by areanormadization method. Throughout this
study the peak purity was confirmed by photo diode
array detector (PDA), which incorporates 512 diodes
over UV-VIS spectral rangeto evaluate UV spectra
across the peak of interest hence the method is spe-
cific. Presented method issenstiveenough andisfound
tobelinear intherangeof 32.49 ug/mL to 48.74 ng/mL
with r? 1.0000. Accuracy of the method was estab-
lished by recovery, therecovery valuesarewithinthe
acceptablelimit at different concentration level (50%,
100% and 150% of specification). Over all recovery
rangesfrom 99.55%to 101.04% and thisindi catesthat
themethod isaccurate. Repesatability, reproducibility
and intraday precision were performed as system pre-
cison, method precisonintermediate precisonand rug-
gednessand va ues obtai ned werewe | withinlimit, the

different vauesof validation data. Limit of quantitation
of themethod was 2.50pg/mL and limit of detection
was0.50ug/mL.

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

Inorder to vaidatethestability indicating power of
theandytica procedure, irinotecan Sandard and sample
weretreated with acidic, basic, oxidative media, heat
and light. For thermal stressing irinotecan injection
samplewaskept at temperature 120°C for 110.0 Hrs
inovenand andyzed a regular interval. For light stress-
ingirinotecan injection samplewas placed under white
fluorescent light at therate of 300-kilo lux per Hoursat
15°C for 25 days and analyzed at regular interval of
time. For Acid and Base stressing 5 mL of irinotecan
injection wasdiluted with 0.1N HCI and 0.1N NaOH
in 50 mL volumetric flask. From this stock 2 mL of
samplewastakenin 10 mL volumetric flask and neu-
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Figure5: Chromatogram of irinotecan, 7-Ethyl-10-hydr oxy
camptothecin, camptothecin and 7-Ethyl-10-Hydrocy
camptothecin.
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tralized with respectiveacid and base and make up with
mobile phase sothat it can beneutralized beforeinjec-
tioninto the chromatograph. For peroxide stressing 5
mL of irinotecaninjectionwasdiluted with 3% H,O, to
50 mL. Fromthis2 mL samplewastakenin 10 mL,
neutralized and injected.

Thestressed sampleswereanayzed onHPLC. The
purity of thesampleswas a so determined by areanor-
malization method. Throughout thisstudy the pegk pu-
rity wasconfirmed by photo diodearray detector (PDA),
which incorporates 512 diodesover UV-VIS spectral
rangeto evaluate UV spectraacrossthe peak of inter-
est. Onesthese datahave been acquired through pro-
cessing algorithms access, we can conclude whether
peaksare consistent with asingle compound or not.

TABLE 4: Robustnessdata

Sr. No Column

Mobile Phase

1.0 C-18, Inertsil ODS3, 5u (250 X 4.6) mm Buffer:ACN (70:30) 1.2 ml/min
Buffer:ACN (72:28) 0.8 ml/min
3.0 C-18, Hyperbond, 10u (300 X 3.9) mm  Buffer:ACN (73:27) 1.0 ml/min

2.0 Microbondapack, 10u (300 X 3.9) mm

Flow rate Temperature Wavelength Assay of Irinotecan
40°C 256nm 20.86 mg/ml
35°C 252nm 20.76 mg/ml
30°C 258nm 20.91 mg/ml

CONCLUSION

The presented work describing areverse phase
HPL C method for the determination of irinotecanis
specific, accurate, rugged, precise, linear and can be
appliedfor the quantification of irinotecanin different
drug products. Validated method permitsthe separa-
tion and identification of four impuritiesof irinotecan.
Themethod was successfully applied for the determi-
nation of irinotecanininjectablesand canbegppliedto
other drug products and drug substances with small

modificationand optimization.
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