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ABSTRACT KEYWORDS
A stability indicating RP-HPLC method was developed and validated as I brutinib;
per international chemical harmonization guidelines, and adopted for the Assay;
assay of Ibrutinib in bulk and tablet dosage forms. The chromatographic Validation;
separation was carried out by using Waters (Alliance) HPLC 2695 series Stability and Quality control.

system equipped with UV-Visible spectrophotometer as detector. Mobile
phase composed of 0.1% Orthophosphoric acid buffer and acetonitrile in
theratio 70:30 %v/v was allowed to flow through Inertsil ODS 100mm x 4.6
mm, 5um column at a flow rate of 0.8ml/minute, maintaining the column
temperature at 30°C. About 20ul of standard or sample solution was in-
jected into the column and the components were detected at a wavelength
of 320nm. System precision and method precision of the proposed method
was evaluated as %RSD and found to be 1.7252 and 1.0583 respectively.
Accuracy of the developed method as percent of mean recovery at three
different concentrations 50, 100 and 150% with respect to target concen-
tration was determined and found to be 100.68, 100.90 and 100.33 respec-
tively. The peak area was found to be proportional to concentration of
I brutinib withinthelinearity limits 3.5-21.0ug/ml, slope, intercept and cor-
relation coefficient were determined by linear regression analysis. The
devel oped method was found to be robust and rugged and was applied for
quality control analysis of pharmaceutical formulations. The stability of
the drug under different degradation conditions was examined and found
to be stable. The proposed method was found to be simple and suggested
for an alternative method in quality control in any quality control laborato-
ries.  © 2016 Trade Sciencelnc. - INDIA

INTRODUCTION of chronic lymphocytic leukaemial¥. It isan orally-

administered, sl ectiveand covalent inhibitor of the

Ibrutinib is an anticancer drug targeting B-cell ~enzyme Bruton’s tyrosine kinase (BTK)22. Ibrutinibis
malignancies (Blood Cancer Treatment Medicines). It currently underdevelopment by Pharmacyclics, Inc
wasapproved by the USFDA (2013) andused forthe and Johnson & Johnson’s Janssen
trestment of mantle cell lymphoma and for the treatment  Pharmaceutical division for additional B-cell
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malignancies including diffuse large B-cell
lymphoma and multiple myeloma. The systematic
(IUPAC) nameof lbrutinibisgiven by 1-[ (3R)-3-[4-
Amino-3-(4-phenoxyphenyl)-1H-pyrazolo [3, 4-d]
pyrimidin-1-yl] piperidin-1-yl] prop-2-en-1-one. The
molecular formula and molecular weight are
C,H,,N.O,and 440.497 grams per molerespectively.
Itissolublein polar solventslikewater methanol and
acetonitrile. ItisavailableasImbruvicacapsulesfor ord
adminigtration containing 140 mgibrutinib astheactive
ingredient. Each capsule aso contains the inactive
ingredientssuch ascroscarmell ose sodium, magnesium
Searate, microcrystalinecdlulose, sodiumlauryl sulfate.
Thecapsuleshel containsgedtin, titanium dioxideand
black ink. Themolecular sructureof Ibrutinlbwasgiven
inFigurel.

Figurel: Thesructureof Ibrutinib

Anextensiveliterature survey wascarried out and
found three LC-M SM S methodsfor the s multaneous
determination of lbrutinib in combination with
lendidomideg*® and methocarbamol® inrat plasma But
no other methodswerefound for the determination of
Ibrutinib and itsformulations. Asthereisno HPLC
method in the literature, the author made some
investigationsto devel op anovel RP-HPL C method
for theassay of Ibrutinibin pureand formulations. The
main objectives of the present investigation are, the
developed method should be a sensitive, selective,
precise, accurate, ssimple, rapid and economic. The
proposed method should be applicableto determine
the quality of bulk product and to determine assay of
formulaions.

MATERIALSAND METHODS

Reagentsand chemicals
[ brutinib reference compound was obtained from
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Spectrum Labs, Hyderabad, Telangana state and
formulations (Imbruvica 140mg capsules) were
procured fromtheloca market. HPL C grade acetonitrile
and analytical grade chemicals such as ammonium
phosphate, orthophosphoric acid, hydrochloric acid,
sodium hydroxide and hydrogen peroxide used were
procured from Merck Co, Mumbai, India.

Instrumentation

A waters (Alliance) HPLC 2695 series system
consisting of 4 pump auto sampler with 5 rackswith
temperature control; auto injector hascapacity toinject
Sulto 500ul, UV-Vis detector with PDA. The data were
acquired viaEmpower-2 dataacquisition software.

Prepar ation of solutions

e Mobilephase

About 1.0ml of orthophosphoric acid (OPA) was
accurately measured and transferred into 21000ml of
volumetric flask, added about 900ml of milli-Q water
and degassed to sonicateand findly madeup thevolume
with water. 0.1% Orthophosphoric acid buffer and
acetonitrileweremixed together intheratio 70:30 %ov/
v by adding 300ml of acetonitrile solvent to 700mL of
0.1%0PA buffer solution, sonicated for five minutes
and used asmobile phase.
e Preparation of [ brutinib sandard

Anamount of 140mg of 99.8% pureAPI product
[brutinib wasaccurately weighed and transferred intoa
100ml dleendry volumetricflask, added 20ml of diluents
(methanol), sonicated for 30 minutes and made up to
thefina volumewith diluents. Then 1.0ml of abovestock
solution wastransferred into a10ml volumetric flask
and then madeup to thefina volumewith diluent.
e Samplepreparation

Averageweight of five capsuleswere determined,
and one capsule equivaent to 140mg of lbrutinib was
transferred into a100ml clean dry volumetric flask,
added 20ml of diluents (methanol), sonicated for 30
minutes and made up to thefina volumewith diluents.
Then the solutionwasfiltered and about 1.0ml of above
stock solution wastransferred into a10ml volumetric
flask and then made up to thefina volumewith diluent.

M ethod developement
Anaytica method devel opment, optimizationand
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validation are key elements of any pharmaceutical
analysis. The objective of analytical HPLC method
development is to identify, quantity or purifying
compoundsof interest. HPLC method devel opment
generally involvesthe sel ection of the HPLC method
andinitid sysem, sdection of initid conditions, sdectivity
optimization, sysemopti mization and method vaidation.
When developing an HPLC method, thefirst stepis
alwaysto consult theliteratureto ascertain whether the
separation has been previousy performed and if so,
under what conditions - this will save time doing
unnecessary experimenta work. Thekey points kept
inmind while devel oping HPL C method wasto keep
the method as ssimpl e as possible, choosing the most
common columns and stationary phases, using binary
mobilephasesbeforegoingtoternary andfindly thinking
about the factors that are likely to be significant in
achieving the desired resolution. HPLC method
development isinfluenced by the nature of theanalytes,
depending on the overall requirements and nature of
the sample and analytes. The selection of stationary
phase, mohilephase, buffer, organic solvent and mobile
phase composition during method development are
based on the molecular weight, molecular structure,
functiond group, pKavaue, UV spectrumand solubility
of the Ibrutinib. Sincethe Ibrutinib wasanon-ionic
compound soluble in polar solvents, and having
molecular weight 440.497g/mole, areversed phasehigh

—— Full Paper

performance liquid chromatography (RP_HPLC)
method waschosen for thepresentinvestigation. Inthis
method, the analyte is distributed between bonded
stationary phase and polar mobile phase during the
separation.
Optimization

Optimization of the proposed method was carried
out by changing oneof the chromatographic conditions
such ascolumn, composition of mobilephase, injection
volume, flow rates, column temperature and detection
wave ength keeping dl other constant. Chromatograms
were recorded for each variation; system suitable
parameterssuch asnumber of theoretical plates, tailing
factor and resol ution, and chromatographi c parameters
such asretention time, peak areaand peak height were
obtained.
e Optimized chromatogr aphicconditions

Finally about 20 ul of working standard solution
wasinjectedinto Inertsil ODS 100mm x 4.6 mm, Sum
HPL C column maintained at atemperature of 30°C,
the componentswere separated by using mobile phase
of 0.1% orthophasphoric acid buffer and acetonitrilein
theratio 70:30%v/v at aflow rateof 0.8ml/min (Isocratic
mode). About 20 ul of standard or sample solution was
injected into the column and the components were
detected at awavelength of 320nmusingaUV-Visble
detector.
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Figure2: Atypical chromatogram of blank solution for I brutinib
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M ethod Validation

Method Vdidation, aone-time process performed
after the method devel opment to demonstrate whether
themethod isscientifically sound and that servesthe
intended analytical purpose or not. Themost widely
gpplied validation characteristicsareaccuracy, precison
(repeatability and intermediate precision), specificity,
detection limit, quantitation limit, linearity, range,
robustnessand sability of andyticd solutions Anaytica
methods used in quality control should ensure an
acceptable degree of confidence that results of the
andyssof rawv maerids, excipients, intermediates, bulk
productsor finished products, areviable.

e Specificity

Specificity isdefined astheability of themethod to
accurately measuretheandyteresponseinthepresence
of all potential sample components such as placebo
formulation, synthesis intermediates, excipients,
degradation products and processimpurities. Other
potentia samplecomponentsaregenerated by exposing
theanalyteto stress conditions sufficient to degradeit
to 80-90% purity. To demonstrate specificity, the
response of theanaytein test mixtures containing the
analyte and all potential sample components is
compared with the response of asolution containing
only theandyte. Inthe present investigation about 201
of blank (analyte free solution), working standard
(analyte) and sampl e sol utions (placebo formul ation)

were injected separately into the column and
chromatograms were recorded under the optimized
chromatographic conditions and were presented in
Figure2, Figure 3 and Figure4 respectively.
e Precison

Precision (repeatability of themeasurementsor test
results) of atest method is expressed as percent of
standard deviation (%RSD) of anumber of replicate
measurements. To find the system precision, about 20
ul of working standard solution was injected into the
HPL C system six times; chromatogramswererecorded
and peak area of each chromatogram was evaluated
from the software. In the determination of method
precision, six standard sol utions of samebatch product
were prepared, and about 20 ul of each solution was
injected into the HPL C system, chromatogramswere
obtained under the optimized conditionsand pesk area
of each chromatogram was determined.
e Linearityandrange

The linearity of atest procedureisits ability to
produce resultswithin agiven rangethat aredirectly
proportional to the concentration of anayte in the
sample. Therangeistheinterval between the upper
andlower levelsof theandytetha havebeen determined
with precision, accuracy and linearity us ng themethod
aswritten. Inthe present investigation, linearity was
established by preparing aseriesof six sandard solutions
over therange of concentration 3.5-21.0 ug/ml and
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Figure3: Atypical chromatogram of wor king standar d solution for 1brutinib
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Figure4: Atypical chromatogram of placebo solution for Ibrutinib

chromatograms were obtained under the optimized
conditions by injecting each of the solutiontwiceinto
the system and thus chromatographic parameterswere
eva uated. A cdlibration plot was congructed by plotting
mean peak areaagainst concentration of Ibrutinib and
was represented by Figure 5.
e Limit of detection and limit of quantitation
Thelimit of detection (LOD) andlimit of quantitation
(LOQ) are determined by analysis of samples with
known concentrations of analyte and by establishing

4000000

theminimum leve a which theanaytecanberdiably
detected or quantified with acceptabl e accuracy and
precisonrespectively. Inthepresent investigation sgnd-
to-noiseratio isdetermined by comparing measured
signasfrom sampleswith knownlow concentrations of
analyte with those of blank samplesand establishing
minimum concentration at which the analyte can be
reliably detected. A signal-to-noise ratio of 3:1 is
considered acceptable for estimating LOD (with
Relative Standard Deviation (RSD) d” 10%) whereas
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Figure5: A calibration plot of mean peak area against concentration of I brutinib
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for LOQ signal-to-noiseratio of 10:1 is considered
appropriate (with Relative Standard Deviation (RSD)
d” 3%). In the present investigation, a series of low
concentration solutionswere prepared, retentiontime,
theinstrument response (peak area) wasrecorded asa
function of time and signal-to-noise ratio was
determined. Typical LOD and LOQ chromatograms
weregivenin Figure6 and Figure 7 respectively.

o Accuracy

Thetermaccuracy isusudly applied to quantitetive
methods. Itisusudly determined by measuringaknown

amount of sandard materid under avariety of conditions
but preferably in the formulation, bulk material or
intermedi ate product to ensurethat other components
do not interferewiththeanaytica method. Inthe present
Investigation, spiked sampleswerepreparedintriplicate
at threelevelsacrossarange of 50-150% of thetarget
concentration. Then the percent recovery was
ca culated. Theaccuracy criterion for an assay method
is that the mean recovery will be 100+2% at each
concentration acrosstherange of 80-120% of thetarget
concentration.
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Figure6: Atypical chromatogram of LOD solution for I brutinib
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Figure7: Atypical chromatogram of L OQ solution for Ibrutinib
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e Robustness

Therobustness, ameasureof itscgpacity toremain
unchanged by smal but deliberate variationsin method
parameterslike polarity of thesolvent, pH of thebuffer
solution, temperature and wavelength. Therobustness
of test method is demonstrated by carrying out
intentional method variationslike mobile phaseflow
changes and column oven temperaturevariations. The
%RSD of areas and retention times from repeated
injectionswere not morethan 2%.

e Ruggedness

Ruggedness of the proposed method (intermediate
precision) wasdemonstrated by two anaysts, usngtwo
HPLC systemsand eva uated therd ative per cent purity
data across the two HPLC systems at three
concentration level s (50%, 100%, 150%) that covered
the assay method range (3.5-21.0pug/ml). The mean,
standard deviation and RSD acrossthe systemsand
andystswerecd culated fromtheindividud relative per
cent purity mean values at 50%, 100% and 150% of
thetest concentration. The %RSD of ruggednesswas
lessthan 2% and hence the method was rugged.

Sability studies

Samples and standards should be tested their
stability during a period of at least 24 hours and
component quantitation should be determined by
comparison with freshly prepared standards. For the
assay method, thesample solutions, standard solutions
and HPL.C mobile phase should be stablefor 24 hours
under defined storage conditions. For bulk
pharmaceuticds, stress conditionssuch as heat (50-60
°C), light (600 FC of UV), acid (0.1 M HCI), base
(0.1 M NaOH) and oxidant (3% H,0,) are typical.
For formulated products, hest, light and humidity (70-
80% RH) are often used. Theresulting mixturesare
then analysed, and the analyte peak isevaluated for
peak purity and resolution from the nearest € uting pesk.
Acceptable stability is <2% change in standard or
sampleresponse, relaiveto freshly prepared standards.
e Preparation of Ibrutinib sandard

An amount of 14g of 99.6% pure API product
Ibrutinib wasaccurately weighed and transferredinto a
100ml cleendry volumetricflask, added 20ml of diluents
(methanal), sonicated for 30 minutesand made up to
thefind volumewith diluents. Then 1.0ml of abovestock

—= Fuyll Paper

solution wastransferred into a10ml volumetric flask
and then madeupto thefina volumewith diluent.
e Acid/BaseHydrolysis

Transferred an amount of reference sample
equivaent to 14 mg of Ibrutinibinto 200 ml RB flask,
added 50 ml of freshly prepared 0.1 N HCI (or 0.1N
NaOH) and kept asidefor 24 hours, then filtered the
solutionthrough 0.4 micronfilterintoal00 ml volumetric
flask and neutralized with 0.1 N NaOH (or 0.1N HCI)
and made up to themark with diluent. Then about 1.0
ml of filtratewasdiluted to 10 ml with mobile phase.

e Oxidation

In oxidative degradation, an amount of reference
sampleequivalent to 14 mg of lbrutinib wasaccurately
weighed and transferred into 100 ml RB flask, added
50 ml 3.0% hydrogen peroxide and kept asidefor 24
hours, then filtered the sol ution through 0.4 micronfilter
intoa100 ml volumetric flask and made uptothe mark
withdiluent, now 1.0 ml of filtratewasdiluted to 20 ml
with mobile phaseand used for analysis.

e Heat/UV Exposure

Inthestudy of thermal degradation, an amount of
the sample equivalent to 14 mg of lbrutinib was
accurately weighed and transferredintoacleanand dry
Petri dish, spread it throughout the plate, and placed it
inahot air ovenat 100°C or UV chamber for 24 hours.
After 12 hours, transferred the sample into 100 ml
volumetric flask, added 50 ml of diluents, sonicated for
10 minutesand diluted with diluents, further filtered the
solution, and thendiluted 1.0 ml of filtrateto 20 ml with
mobile phase.

e Water hydrolysis

Anamount of reference sampleequivalentto 14
mg of lbrutinib wastransferred into 100 ml RB flask,
added 50 ml of distilled water and kept aside for 24
hours, then filtered the sol ution through 0.4 micronfilter
intoa100 ml volumetric flask and made uptothe mark
withdiluent. Thenabout 1.0 ml of filtratewasaccuratdy
transferred into 10 ml volumetric flask and madeup to
themark with mobile phase.

About 20 ul of each of the above solutions was
injected into the column separately, the chromatograms
were obtained under the optimized chromatographic
conditionsand the percent of degradationwasca culated
from the peek areaof freshly prepared standard solution

— Fnalytical CHEMISTRY
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Figure8: Atypical chromatograminthestudy of acidic degradation for I brutinib
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Figure9: Atypical chromatograminthestudy of basicdegradation for I brutinib

and degradation solution. The chromatogramsinthe
study of acedic, basic, peroxide, thermd, photolyticand
agueous degradation were presented from Figure 8to
Figure 13 respectively.

ASSAY

Anamount of lbrutinib working standard or capsule
equivalent to 140 mg of Ibrutinib wastransferredinto
100 ml volumetricflask, and about 50ml of diluent was
added, sonicated for fiveminutesto dissolve, diluted to

find volumeand filtered through 0.4 micronmembrane
filter. Then, about 1.0 ml of thefiltrate wastransferred
into 10 ml volumetric flask and diluted to volumewith
diluent. About 20ul of 14ug/ml standard or samplewas
injected, chromatograms were obtained under the
optimized conditionsand percent of assay wasca culated.

THEORY AND CALCULATIONS

Chromatographicparameters
The chromatographic parametersthat are affected
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Figure13: Atypical chromatograminthestudy of aqueousdegradation for Ibrutinib

by the changes in chromatographic conditions are
resol ution, peak asymmetry or peak tailing factor and
column efficiency or band broadening.

e Resolution (R)

Resolution is the parameter describing the
separation power of the complete chromatographic
system relative to the particular components of the
mixture. Theresolution (R)) of two neighbouring pesks
isdefined astheratio of the distance between two peak
maxima. Itisthedifference betweentheretentiontimes
of two solutes divided by their average peak width.

R.=2(t,—t)/W, +W,
t, and t, are retention times of the first and second
adjacent bands ;W, and W, are baseline band widths.
Therearethreefundamenta parametersthat influence
theresol ution of achromatographi ¢ separation capacity
factor, sdlectivity and column efficiency
e Peak asymmetry/peak tailing

Peak with poor symmetry canresultin (i) inaccurate
plate number and resol ution measurement (i) imprecise
quantization (iii) degraded resol ution and undetected
minor bands in the peak tail (iv) poor retention
reproducibility. Peak asymmetry factor can beused as
acriterion of column performance. Thepesk haf width,
b, of apeak at 10% of the peak height, divided by the
corresponding front haf width, a, givestheasymmetry
factor. A_ =b / a. For a well-packed column, an
asymmetry factor of 0.9to 1.1 should be achievable.

e Column efficiency/band broadening

Efficiency (N) of a column is measured by the
number of theoretical plates. It isameasure of band
spreading of apeak. Similar theband spread, higher is
the number of theoretical plates, indicating that good
column and system performance. Column with N
ranging from 5,000 to 1,00,000 plates/meter areideal
for agood system. Efficiency iscalculated using the
formula,

N=16R?/W?
Wherg, R istheretentiontimeand W isthe peak width.

Satistical parameters

e Standard deviation (SD) and % relative
standard deviation (% RSD)

Standard deviationisthe squareroot of the sum of
sguaresof deviationsof individud resultsfor themean,
divided by onelessthanthenumber of resultsintheset.
Precison (referstothereproducibility of measurement
within aset, i.e., to the scatter of dispersion of aset
about itscentral value) of n- replicate measurementsis
expressed intermspercent of relativestandard deviation
whichisthe standard deviation expressed asafraction
of the, mean, i.e. S/x. Itissometimesmultiplied by 100
and expressed asapercent rel ative standard deviation.
It becomesamorereliableexpresson of precison. The
mean, standard deviation (SD) and percent of relative
standard deviation (%RSD) aregiven by thefollowing
formulae.

—— Fnalytical CHEMISTRY
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Mean = SUM of X valuessNumber of X vaues

SD = SORT (SUM of (X -Mean)?)/(Number of
values-1))

%RSD = (SD/Mean)*100

e Linear regression analysis

In the instrumental methods of analysis, the
concentration of asample cannot be measured directly,
but it can be determined by measuring a physical
property whichisproportiona to concentration of the
andyte. Thecalibration betweeny =g (x) isdirectly
useful andyiddsby inversion of theandytica caculation
function. Thecalibration function can be obtained by
fitting an adequate mathematical model through the
experimental data. The most convenient calibration
functionislinear, goesthroughtheoriginandisgpplicable
over awidedynamicrange. For themgority of andyticd
techniquestheanalyst usesthe calibration equation. Y
=a+ bx. Least-squaresregression anaysiscan beused
to describethe relationship between response (y) and
concentration (x). Onemust now find the estimates of
intercept (a) and slope (b).
b=(n*SUM of X Y -SUM X*SUM Y )/(n* SUM X 2(SUM X )*?)
a=(SUM Y,*SUM X > SUM X *SUM of XY )/(n* SUM X >
(SUM X))
e Correation coefficient (r)

Pearson’s correlation coefficient (r) is used to
establishwhether thereisalinear rd ationship between
two variablesxi andyi. Thevaueof r must lie between
+1and-1; theneareritto=+l, values close to +1 indicate
positive correlation and values close to -1 indicate
negative correlation. Vaues of r that towards zero
indicatethat x andy arenot linearly related.

R=(SUM of ((X-Mean of X)*(Y -Mean of Y))/(n-1))/(SUM of
(X-Mean of X)* (Y -Mean of Y)?)/(n-1)?)

RESULTS
System suitable parameters

Chromatograms for standard and sample were
recorded and chromatographic parameters such as
retentiontime, number of theoretica plates, tailingfactor,
area of the peak and peak height were obtained and
found to be within the acceptablelimits. The system
suitable parameters and chromatographic parameters
werepresentedin TABLE 1.

Halytical CHEMISTRY o

TABLE 1: System suitable parameters of the developed
method for Ibrutinib

Retention Peak USP Plate U.S.P

S.No. ) Tailing

time area count
factor
Blank -- -- --
Standard 2.520 2343436 5117 1.26
Sample 2.518 2344059 5176 1.30
Specificity

In the study of specificity, the number of peaks
and area of each peak of blank or test was compared
with standard and found no additional peaks.
Retention time and peak area of standard or sample
werefound to be 2.520 min (2.518min) and 2343436
(2344059) respectively. The chromatograms of blank
and sample were compared with standard
chromatogram and found no additional peaks except
Ibrutinibin sample.

Precision

Inthestudy of precision, system precision and the
method precision wereinvestigated by performing six
determinations of the same batch of product. Mean
standard deviation and % RSD vaueswereevaluated
by using Microsoft Excel Sheet. Theresults show that
the system and method precision obtained by one
operator in one laboratory were found to be 1.7252
and 1.0583% RSD for Ibrutinib pesk arearespectively.
Theresultsof system precision and method precision
werepresentedin TABLE 2.

TABLE 2: Resultsof system precision and method precision
for Ibrutinib

S.No. System precision M ethod precision
Peak area Peak area

1 2343736 2360289
2 2407223 2398704
3 2385524 2402164
4 2461589 2424166
5 2393948 2366953
6 2359365 2412533

Mean 2391898 2394135

SD 41266.20 25338.1

% RSD 1.7252 1.0583

SD : Standard deviation, %RSD: Percent relative standard
deviation
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Linearity

In the present study, linearity was studied in the
concentration range of 3.5-21.0 ug/ml (50—150% of
thetheoretica concentrationinthetest preparation, n=3)
and thefollowing regression equation was found by
plotting the peak area (y) versus the Ibrutinib
concentration (X) expressedin pg/ml, y=17618x+435.2
(rH=0.9997. Thedemongtration coefficient (r?) obtained
for the regression line demonstrates the excellent
relationship between peak areaand concentration of
Ibrutinib. The experimental resultsof linearity studies
werepresentedin TABLE 3.

TABLE 3: Resultsof Linearity studiesof the proposed method
for lbrutinib

S.No. Concentration of 1brutinib Peak area*
1 3.50 599387
2 7.00 1208609
3 10.50 1911138
4 14.00 2488155
5 17.50 3049768
6 21.00 3695021
Slope 176177.3
I ntercept 435.79
Correlation coefficient 0.9997

* Average of three determinations

LOD and LOQ

Inthepresent investigation, LOD and LOQ values
of the proposed method for Ibrutinib were
experimentaly determined by recording chromatograms
of LOD and LOQ working standard solutions and
foundto be0.03 and 0.10 pg/ml respectively. The results
werepresentedin TABLE 4.

TABLE 4: Reaultsof LOD and LOQ valuesfor Ibrutinib

S.No. Concentration Retgntmn Peak Sgnal
time area /Noise
Blank 0.00 2.500 -- -
LOD
standard 0.03 pg/ml 2.518 21725 251
LOQ
sandard 0.10 pg/ml 2.519 92448 9.91
Accuracy

Inthe proposed, method accuracy was eval uated
by using standard addition method at three concentration
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level s (50%, 100% and 150%) with respect to precison
concentration, and mean percent of recovery was
determined at each concentration fromtheareaand the
resultsweregivenin TABLES.

TABLE 5: Resultsof accuracy studiesfor I brutinib

Amount  Amount of Amount

Concg/télation Added Taken Recover ed ri?::)(\:/?;
pg/ml pg/ml pg/ml
50%
1 7.0 14.0 6.966 99.52
2 7.0 14.0 7.116 101.66
3 7.0 14.0 7.059 100.85
100%
1 14.0 14.0 14.249 101.78
2 14.0 14.0 13.986 99.90
3 14.0 14.0 14.141 101.01
150%
1 21.0 14.0 20.910 99.58
2 21.0 14.0 21.090 100.43
3 21.0 14.0 21.204 100.97
Ruggedness

The study of ruggednesswas demonstrated by the
experimentscarried out withdifferent indruments, different
columnsand ondifferent days. Themean, SD and %RSD
of ruggednessresultswere presentedin TABLE6.

Robustness

The study of robustness carried out intentional
variationsin chromatographic parameterssuch asflow
rate and mobile phase composition and the results of
robustness studies were reported in TABLE 7. The
method was robust for change in flow rate buffer
variation and columntemperature.

TABLE 6: Resultsof ruggednessstudiesfor Ibrutinib

S.No. Day-1 Day-2 Instrument-1  Instrument-2
Peak area  Peak area Peak area Peak area
1 2359872 2424586 2375864 2347952
2 2424584 2454697 2425493 2469741
3 2398432 2349853 2354865 2365894
4 2425846 2445876 2435974 2424946
5 2349531 2398532 2325974 2395495
6 2389426 2389543 2359486 2425842
Mean 2391282 2410515 2379609 2404978
sb 31899.83 39150.32 42872.59 44492.08
%RSD 1.3340 1.6241 1.8017 1.8500
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TABLE 7: Resultsof study of robustnessstudiesfor Ibrutinib

SNo. Variation Ret_ention Peak USP Plate USP Tailing
time area count fador
1 Optimi zed conditions 2.520 2343436 5117 126
Less flowrate 2517 2415789 5214 128
Sample  Moreflowrate 2.524 2384765 5146 123
Less organi c composition 2521 2358746 5151 124
More organi c compostion 2517 2453164 5143 121
Sability studies
DISCUSSION

Stahility of the devel oped method wasstudied under
different stressed conditions like 0.1N HCI, 0.1N
NaOH, 3%H.,O,, thermal (60°C) and photol ytic (600
FC of UV). The percent of degradation and thus
stability of the lbrutinib was determined from the area
of the chromatographic pesks, and fromtheca culations
it wasfound that the drug was stable and the percent of
degradation wasfoundto beinfrom 0.8to 7.44%, and
theresultswerepresentedin TABLE 8.

An isocratic RP-HPLC assay method was
devel oped for thedetermination of Ibrutinibinbulk and
pharmaceutical dosage forms. A Waters (Alliance)
HPL C System (2695 series), Inertsil ODS 100mm x
4.6 mm, 5um HPLC column, UV-Visible detector,
320nm as detection wave ength, 0.1% orthophosphoric
acid buffer and acetonitrilein theratio 70:30 %v/v as

TABLE 8: Resultsof degradation studiesfor I brutinib

Degradation parameter Peak area Per cent found Per cent degradation

Standard 2391898 100

Adddegradaion 2222842 92.56 744
Base degraddion 2278930 94.89 51
Peroxide degradation 2287236 95.24 4.76
Thermal degradation 2293904 95.51 4.49
UV degradation 2336922 97.31 2.69
Water degradati on 2382498 99.20 0.8

mobile phase, 0.8ml/min asflow rateand aninjection
volume 20ul were adopted in the proposed method.
The devel oped method was optimized by changing one
of the chromatographic conditions keeping other
parameters constant. The developed method was
validated as per the ICH guidelinesand appliedinthe
study of assay and stability determination. Theproposed
method wasfound to be simple, sensitiveand rapid,
and can beused in quality control of bulk drugsand
formulations.

CONCLUSIONS

A simple isocratic RP-HPLC method was
developed for the determination of Ibrutinib in
pharmaceutica formulations. Theproposed method was
foundtobesimple, precise, accurate, robust and rugged.

Halytical CHEMISTRY o

Thereforethemethod can beused for routineanaysis
inquality control laboratories.
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