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In present study, a novel, simple, robust, stability-indicating, highly sensitive and specific reverse phase
ultra-performance liquid chromatographic method was established and validated for the determination
of ibrutinib using acquity charged surface hybrid C-18 (100 mmx2.1 mm, 1.7 pm) column with a mobile
phase consisting of mixture of Eluent-A phosphate buffer, 0.1 % triethylamine, (pH 6.0) and Eluent-B
acetonitrile with flow rate 0.3 ml min'. The detection was monitored at 215 nm using photodiode
array detector. Linearity was observed from 25 to 250 ng ml"! (correlation of coefficient was 0.9999)
with equation, y=100.1880x-130.8966. The observed limit of detection and limit of quantitation were
25 ng ml! and 50 ng ml’ respectively. Ibrutinib was subjected to stress conditions comprising hydrolytic
(acid, alkali and neutral), oxidative, photolytic and thermal degradation as per International council for
harmonisation Q1 guidelines. The results showed that substantial degradation were observed in acid, base
and peroxide degradation condition and resistant to neutral, photolytic and thermal degradation. This
is first highly sensitive stability-indicating ultra-performance liquid chromatography method capable of
separating ibrutinib and its ten degradation products at nano gram (ng) level. The method was validated
as stated by International council for harmonisation guidelines.
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Ibrutinib, a United States Food and Drug Administration
approved drug, chemically known as 1-[(3R)-3
-[4- Amino-3-(4-phenoxyphenyl)-1H-pyrazolo [3, 4-d]
pyrimidin-1-yl] piperidin-1-yl] prop-2-en-1-one is
a white to off-white solid powder soluble in polar
solvents like acetonitrile, methanol and water. It is
irreversible and elective small molecule which is used
in the management of patients with chronic lymphocytic
leukemia by binding perpetually to a protein, Bruton’s
tyrosine kinase (BTK), that inhibits B cell antigen
receptor (BCR) signaling in human B cells via specific
active-site occupancy!!l. Ibrutinib leads to inhibition
of BTK enzymatic activity by making a covalent bond
with a cysteine residue in the BTK active sitel*.
Structure of ibrutinib is shown in fig. 1.
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Ibrutinib is useful in the management of Waldenstrom’s
macroglobulinemia, lymphocytic leukemia and is
second-line drug for treatment of chronic graft, marginal
zone lymphoma versus host disease and mantle cell
lymphomal*7. It decreases chronic lymphocytic cancer
cell chemo taxis and prevents cellular linkage followed
by stimulus at the B-cell receptor®!%. This anticancer
drug is giving fairly good results and is currently under
development by few big pharmaceutical divisions like
Johnson’s & Johnson’s Jansen and Pharmacyclics Inc.
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Fig. 1: Structure of Ibrutinib

Very few High performance liquid chromatographic
(HPLC)!'-161 methods are available and no ultra-
performance  liquid  chromatographic =~ (UPLC)
methods are available till date for determination and
quantification of ibrutinib in pharmaceutical dosage
forms and bulk drugs. Only one HPLC method!"" is
reported yet in which the authors have separated and
identified six known impurities and eight genotoxic
impurities, degradation products, unknown impurities,
blank peaks and also placebo peaks. The method had
a total run time of 85 min. A method development
by HPLC is reported for determination of genotoxic
impurity hydrazine hydrate using old conventional
HPLC column (Inertsil ODS-3V)!#, Recently, a highly
sensitive High resolution mass spectrometry (HRMS)/
Mass spectrometry (MS)/ Time-of-flight secondary ion
mass spectrometry (TOF) was reported by Lovekesh
et al., for identification and characterization of ten
degradation products and their degradation pathway
formed during stress study!".

HPLC is now an outdated technology in terms of
sensitivity and cost effectiveness. The present study
aims at development and validation of accurate,
rapid, highly sensitive and economical reverse phase
ultra-performance liquid chromatographic (RP-UPLC)
method as per International council for harmonisation
(ICH) guidelines®”. The study is also aimed at forced
degradation studies of ibrutinib to generate degradation
products (DPs) under vigorous stressed conditions.

MATERIAL AND METHODS

Chemicals and reagents:

Pharmaceutical grade ibrutinib standard was procured
from MSN Laboratories limited, Hyderabad, as gift
sample. Acetonitrile (99.9 %) was procured from JT
Baker. Potassium dihydrogen o-phosphate, ortho-
phosphoric acid (OPA) purity 85 %, sodium hydroxide
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(NaOH), hydrogen peroxide (30 %) and hydrochloric
acid were purchased from Merck life sciences. The
solutions used in the study were filtered through
0.22 pum filter paper (Millipore, India). Purification of
water used for preparation of solution was done by
Milli-Q-Plus system.

Equipment:

The Waters acquity H Class UPLC system coupled
with quaternary solvent manager (QSM), sample
manager and photo diode array (PDA) detector was
used. All weighing operations were carried out on
analytical balance (Mettler Toledo, Switzerland). Other
instruments used in the study were Photo stability
chamber (thermo lab scientific instruments, India),
sonicator (Equitron, 5 L), hot air oven (Medline
Scientific, India) and digital pH meter (Metrohm, India).
Empower PRO 2.0 software was used for monitoring
and integration of chromatographic peaks.

UPLC chromatographic conditions:

Various parameters were taken into consideration
while developing and optimizing the chromatographic
separation conditions including mobile phase,
stationary phase, flow rate and detector wavelength.
Chromatographic separation was done using reverse
phase gradient mode of elution with ACQUITY CSH
C-18 (100 mmx2.1 mm, 1.7 pm) column using mobile
phase that contains phosphate buffer, triethylamine
(pH-6) and acetonitrile at flow rate of 0.3 ml min’!
and column temperature was 45°. Mobile phase was
prepared freshly and was sonicated and filtered through
0.22 pum filter paper. PDA was used and detection was
performed at 215 nm with injection volume 5 pl. The
optimized chromatographic conditions are shown in
Table 1.

Diluent preparation:

Water and acetonitrile in equal proportion
(50:50) v/v were used as diluent throughout the study.
All the solutions prepared were sonicated and filtered
through 0.22 pum filter paper prior to injection in UPLC.

Sample solution:

A stock solution of strength 1 mg ml! was prepared with
diluent. Ten milligram of drug substance transferred in
10 ml volumetric flask and it was dissolved in diluent.
This stock solution was then diluted further in order to
get nominal concentration of 100 pg mL-". This solution
is further diluted in order to perform various parameters
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TABLE 1: CHROMATOGRAPHIC CONDITIONS FOR OPTIMIZED METHOD

Column ACQUITY UPLC CSH C-18 (100 mmx2.1 mm, 1.7 pm)

Eluent A 20 mm potassium dihydrogen phosphate, 0.1 % v/v triethylamine, pH adjusted to 6.0 with
uen dilute Orthophosphoric acid solution

Eluent B Acetonitrile

Elution type Gradient

Injection volume 5ul

Flow Rate 0.3 ml min*

Detector, Wavelength PDA, 215 nm

Column Temperature 45°

Auto sampler Temperature 10°

Run time 15 min

Diluent Water: Acetonitrile (50:50) v/v

Nominal concentration 100 pg ml’

PDAis photo diode array detector

like precision, limit of detection (LOD), linearity, limit
of quantitation (LOQ).

Forced degradation studies:

Studies on forced degradation were performed in
order to understand the chemical stability, degradation
pathways and DPs of drug substance and drug products.
Itinvolves exposure of drug substance under hydrolytic,
photolytic, oxidative and thermal degradation
conditions. These studies depict the specificity and
stability-indicating ability of method. Ibrutinib was
exposed to different stress conditions as stated by
International Conference on Harmonization (ICH)
guidelines?'?2. PDA detector was used to ensure peak
purity of ibrutinib and its DPs produced during stress
study. Stress studies were done by initially preparing
1 mg ml! stock solution of drug substance. Sample of
acid hydrolysis was neutralized with sodium hydroxide
and sample of alkaline hydrolysis was neutralized with
hydrochloric acid. Before performing analysis, these
solutions were filtered through 0.22 pum filter paper.

Hydrolytic degradation:

Hydrolytic degradation covers wide range of pH
(acidic, basic and neutral). Functional groups that
may undergo hydrolysis are esters, amides, alcohol,
aryl amines, carbamates etc. The analyte was exposed
separately with 5 ml of 1 M HCL, 5 ml of 1 M NaOH
and water maintained at 80° for 8 h. After desired
time, treated sample were allowed to attain the room
temperature and then neutralized with acid and base.
Further diluted with diluent in order to achieve final
analyte concentration of 100 pg ml'.

Oxidative degradation:

Though many agents that oxidize such as radical
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initiators (e.g., AIBN, azobisisobutyronitrile) and metal
ions can be used to perform studies on degradation but
hydrogen peroxide is most widely used for oxidation
degradation. The oxidative degradation of drug
substance includes an electron transfer mechanism to
form reactive cations and anions. Sulfides, phenols
and amines are liable to electron transfer oxidation
to give sulfones, sulphoxide, hydroxylamine and
N-oxides. Sample was treated with hydrogen peroxide
(10 % H,0,) and kept at room temperature for 8 h. The
stressed sample was further diluted with diluent in order
to achieve a final concentration of 100 pg ml.

Degradation due to photolysis:

Photolytic stability was done to study the influence
of light when drug substance is exposed to ultraviolet
(UV) or fluorescent conditions. Functional groups like
carbonyl, N-oxide, aryl chloride, nitro aromatic, weak
O-H and C-H bonds, polyenes and sulfides are likely
to introduce drug photosensitivity. Adequate amount of
drug was kept in petri-dish and exposed to an overall
illumination of 1.2 million Ix h of fluorescent and a
combined near UV energy of 200 W h/m? light in photo
stability chamber. After desired time period, sample was
taken out from chamber to prepare a final concentration
of 100 pug ml"! with diluent.

Degradation due to thermal conditions:

Thermal degradation studies were carried as per ICH
Q1A guidelines suggested at accelerated conditions.
Arrhenius equation is used to study the consequence of
temperature on thermal degradation of a drug substance.
The eqn. is k=Ae-Ea/RT where A is frequency
factor, k is specific reaction rate, R is gas constant
(1.987 cal/deg mole), Ea is energy of activation and T is
absolute temperature.
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Sufficient amount of drug substance was kept in petri-
dish and exposed to dry oven at temperature 105 © for
24 h. After desired time period, sample was taken out
to prepare the final concentration of 100 pug ml' with
diluent.

Method validation:

The developed method was validated as per the
guidelines of ICH Q2 (R1). Various parameters like
selectivity/specificity, accuracy/recovery, linearity,
precision, detection limit, quantitation limit, robustness
and stability of analyte in solution were performed for
the method validation. All the validation parameter and
their acceptance criteria as stated by ICH guidelines are
shown in Table 2.

System suitability:

System suitability testing is a vital part of many
analytical procedures. Standard analyte solution of
ibrutinib at concentration of 150 ng ml"' was injecting
six times. System suitability was tested by calculating
the parameter like USP tailing factor, theoretical plate
count and percentage relative standard deviation
(Percentage RSD). The percentage RSD of area from
six replicate injections was calculated.

Specificity and selectivity:

The ability of analytical method to determine the
response of pure drug substance in the presence of
potential impurities and DPs formed during stress study
is called specificity. The specificity was examined by
analyzing mixtures of the acidic, basic and oxidative
degradation products with known concentrations of
ibrutinib. Specificity parameter was performed by
establishing the desired USP resolution between the

ibrutinib peak and nearest DP peak formed during the
degradation study and establish the resolution of all
DPs from each other. PDA detector was used to check
the peak purity of ibrutinib peak and DPs peak in order
to check the method selectivity.

Linearity:

The calibration curve was prepared by plotting
response of ibrutinib against their respective
concentration of analyte. Linearity of the method was
calculated by analyzing standard solutions at seven
different concentration levels covering the range of
25-250 ng ml! keeping the injection volume constant
in all injections. The correlation coefficient (1?),
y-intercept and slope of ibrutinib were calculated.

Precision:

System precision was assessed in terms of inter-day
precision (reproducibility) and intra-day (repeatability).
Precision study was done by injecting three different
concentrations (50, 150 and 250 ng ml!) in triplicate
in RP-UPLC on same day and next day. The value
of percentage RSD and standard deviation (SD) was
assessed for both intra-day and inter-day precision.

Accuracy/Recovery:

The accuracy of method is the closeness of test results
obtained by that method when compared with the true
values. Method accuracy was assessed by performing
recovery studies for the pure drug by standard addition
process. Known concentration of drug substance
(150 ng ml") was added to three different concentration
level (QL, 100 and 150 %). Control sample and recovery
samples were injected in triplicate and percentage
recovery were calculated at each level.

TABLE 2: METHOD VALIDATION PARAMETERS AND ACCEPTANCE CRITERIA

Parameter

Experiment

Acceptance criteria

System precision

Method precision

Six replicate injections of ibrutinib (100 pg ml") standard solution RSD should not more than 2.0 %
Sample at three different concentration (QL, 100 % and 150 %)

RSD should not more than 2.0 %

prepared and analyzed in triplicate as per developed method

Limit of detection
and quantitation

Control sample in triplicate and spiked at QL, 100 % and 150 %

Accuracy/Recovery . L
concentration in triplicate
By changing flow rate
Robustness By changing column temperature

By changing Percentage B composition
Solution stability

Determination of LOD and LOQ based on slope of linearity

Solution stability at different interval 0, 12 and 24 h

Correlation coefficient (r?)
should not be less than 0.999
Percentage Recovery should be
in between 98-102 %

USP resolution between closely
eluted impurities should not less
than 2.0

RSD should not more than 2.0 %

DL is detection limit, QL is quantitation limit and RSD id relative standard deviation.
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Limits of detection (LOD) and limit of quantification
(LOQ):

LOD and LOQ capability determine the sensitivity of
method. Calibration curve method was used to establish
LOD and LOQ. Series of dilute solution having known
concentration were injected to determine the LOD and
LOQ values. Signal to noise ratio was calculated for
LOD and LOQ. Percentage RSD of the peak area was
calculated at QL concentration level.

LOD= (3xstandard deviation of y-intercept)/(slope of
calibration curve)

LOQ= (10xstandard deviation of y-intercept)/(slope of
calibration curve)

Robustness:

The measurement of capacity of method of analysis
to remain unaffected by little but deliberate changes
in developed experimental conditions 1is called
robustness. This parameter provides an indication
that developed method is robust and rugged. Different
variables like flow rate, temperature of column and
change in proportion of mobile phase were evaluated
in robustness study. Specificity solution containing
ibrutinib drug substance and its DPs was injected in
actual condition as well as in all variable condition to
check the robustness of developed method conditions.
Effect on system suitability parameter like United
States Pharmacopeia (USP) resolution between closely
related compounds and USP tailing were observed in
initial condition and in each deliberate variation.

Solution stability:

Solution stability was established at room temperature.
These solutions were injected serially at respective
time intervals and the stability of these solutions was
evaluated till 24 h. The comparison of these solutions
was evaluated against the freshly prepared sample
solution.

RESULTS AND DISCUSSION:

The main purpose of stability-indicating method
development was to achieve the separation and
quantification of ibrutinib and its impurities (process
related or degradation impurities). The absorbance
maximum of the drug substance and its DPs is 215 nm.
Therefore, detection was performed out at wavelength
215 nm. Depending upon the physicochemical
properties, solubility, molecular weight and structure of
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ibrutinib, different systematic trials such as selection of
stationary phase, buffer selection, organic modifier and
different pH conditions were taken for development of
robust, linear, precise and accurate UPLC method for
estimation of ibrutinib.

Various UPLC columns (stationary phase) were tried
for separation of ibrutinib peak and its DPs such as
AQUITY HSS C-18 (2.1 mmx100 mm, 1.8 um),
AQUITY BEH C-18 (2.1 mmx100 mm, 1.7 pm),
AQUITY CSH C-18 (2.1 mmx100 mm, 1.7 pum),
AQUITY BEH phenyl (2.1 mmx100 mm, 1.7 pum)
and AQUITY CSH phenyl hexyl (2.1 mmx>100 mm,
1.7 pm). Based on various parameters like USP
resolution between closely related compounds (DP-III
and DP-IV), USP tailing and theoretical plate count,
AQUITY CSH C-18 (2.1 mmx100 mm, 1.7 um) was
selected as a suitable column.

Many different buffers like formate, phosphate, acetate,
ammonia covering pH having range from acidic to basic
were tried based on the pKa value. It was observed that
in acidic pH of around 2 to 3, DPs were merged with
each other using different buffers and in basic pH 8
to 10, peak shape was distorted. Best separation was
observed at at acidic pH (pH-6) with phosphate buffer
but tailing observed due to free silanol effect. Tailing
of peak was improved after addition of triethylamine
in buffer. Therefore, potassium dihydrogen phosphate
buffer along with triethylamine was selected as buffer
for analysis. Both acetonitrile and methanol were
evaluated as organic solvents for mobile phase. The
study was observed better resolution and peak shapes
with acetonitrile when compared with methanol.
Therefore, acetonitrile was utilized as an organic
modifier for the analysis.

Various gradient trials were taken in order to achieve
best peak shape and separation of all DPs with ibrutinib
in very short run time. The detection was carried out
at 215 nm wavelength based on absorbance maxima of
ibrutinib. Different column temperature and flow rate
trials were also taken in order to get desired peak shape
and resolution. The optimized columns temperature was
45 °C with flow rate of 0.3 ml min™! in order to achieve
good peak shape and separation between closely eluted
peaks. The final optimized UPLC method using The
typical retention times of DP-I, DP-II, DP-III, DP-1V,
DP-V, DP-VI, DP-VII, DP-VIII, DP-IX and DP-X were
about 4.11, 4.58, 5.45, 5.70, 6.00, 6.48, 8.00, 8.57, 9.63
and 10.42 min. respectively. The optimized method
was capable of separating all DPs with ibrutinib and for
estimation of ibrutinib at very low level.
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The average theoretical plate count of six injections
was 86870 and average USP tailing of six injections
was 0.9 (<1.8) and percent relative standard deviation
(Percentage RSD) of area of ibrutinib peak in six
replicate injection of system suitability solution was
0.47 (<5.0). Method was suitable for use as all the
parameters were within limit. The results of system
suitability parameter were summarized in Table 3.

| y
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Fig. 2: UPLC Overlay chromatogram of ibrutinib with
concentration 25 ng ml, 50 ng ml", 100 ng ml*,120 ng ml*,150
ng ml”, 200 ng ml' and 250 ng ml"!

Linearity performed at range from 25 ng ml"! to 250 ng ml"!

TABLE 3: SYSTEM SUITABILITY EVALUATION

Seven different concentration of ibrutinib standard were
used to analyze the linearity of the method covering
the range of 25 to 250 ng ml'. Slope, coefficient
of correlation (r?) and intercept for ibrutinib were
100.1880,0.9999, and -130.8966 respectively. Linearity
data are shown in Table 4. Overlay chromatogram and
calibration curve of ibrutinib are shown in fig. 2 and
3 respectively. Chromatograms of linearity study are
given in supplementary fig. S1- S7. Percentage RSD
values for intra-day and inter-day precision studies were
and 0.40-0.81 % and 0.38 %-0.79 % respectively. Intra-
and inter-day precision of UPLC method of ibrutinib
is presented in Table 5. The percentage recovery was
found to be in the range of 99.9 %-101.8 %. The
recovery results indicate that the method is precise and
also found that there was no intervention due to the
presence of DPs. The results are shown in Table 6.

Robustness study was performed by creating small,
deliberate variations in the temperature conditions (£5°),
flow rate (£0.02 ml min') and change in initial buffer
composition in gradient and found to be unaffected
upon these deliberate variations in parameters. Results

Sr. No Peak Name Retention Time (min) Area USP plate count USP tailing
1 Ibrutinib 7.55 15020 84771 0.9
2 Ibrutinib 7.54 14861 85221 0.9
3 Ibrutinib 7.54 14974 83998 0.9
4 Ibrutinib 7.54 14894 87250 0.9
5 Ibrutinib 7.53 15031 91499 0.9
6 Ibrutinib 7.54 14908 88480 0.9
Mean 7.54 14948 86870 0.9
Std. Deviation 0.01 70.48 2812.03 <0.01
Percentage RSD 0.08 0.47 3.24 <0.01

RSD is relative standard deviation. Six injections at concentration level of 150 ng mL" were injected and Percentage RSD of area calculated

TABLE 4: LINEARITY DATA FOR IBRUTINIB

Concentration (ng ml') Peak Area  Slope (m) Intercept Value (b) Correlation coefficient (R?)
25 2351

50 4835

100 9969

120 11795 100.1880 -130.8966 0.9999

150 15058

200 19870

25 24874

Seven different concentrations were used in order to get the calibration curve plot of ibrutinib

TABLE 5: INTRA-DAY AND INTER-DAY PRECISION STUDY OF DEVELOPED METHOD OF IBRUTINIB

sample No Concentration Intra-day Precision Inter-day Precision

(ng ml") Mean+SD RSD (%) Mean2+SD RSD (%)
1 50 4812+32.25 0.67 4534+36.60 0.81
2 150 14848+55.8 0.38 14000+81.51 0.58
3 250 24658+193.63 0.79 23327+93.72 0.40

aMean of three replicate

Triplicate injection at three different concentrations were injected for three consecutive

Days and percentage RSD calculated
963
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are tabulated in Table 7. LOD and LOQ of ibrutinib
were found to be 25 ng ml"! and 50 ng ml, respectively.
Signal to noise ratio for LOD was more than 3 and for
LOQ was more than 10. Results of LOD and LOQ are
given in Table 8 and Table 9 respectively. Percent RSD
of ibrutinib was found less than 1.0 % and there was
no significant change observed in peak area indicates
solution and mobile phase stability up to 24 h.

In optimized UPLC methods, all DPs formed were well
separated with drug substance indicates that method is
specific. PDA was used to ensure the peak purity. Purity
angle of each DP including ibrutinib was less than purity
threshold. There was no interference of any other peak
of DP, impurity, or matrix observed which ensure the

TABLE 6: RECOVERY DATA OF IBRUTINIB (N=3)

Spiked Found

. . Recovery
Concentration Concentration (ng RSD (%) %)
(ng mL") ml', Mean? + SD) )
50 (QL) 49.95+30.39 0.20 99.9
150 (100 %) 152.70+67.28  0.20 101.8
250 (150 %) 253.5+32.62 0.10 101.4

aMean of three replicate
Three different concentrations with triplicate injections

Ibrutinib Linearity Curve
30000

25000 /

20000 = o

10000
5000

1]
0 50 100 150 200 250 300

Fig. 3: Calibration curve plot of ibrutinib
y= 100.1880x-130.8966, R?>=0.9999, 1? is correlation coefficient.
Slope (m), intercept value and regression equation calculated.

TABLE 7: ROBUSTNESS DATA OF IBRUTINIB AND
ITS DEGRADATION PRODUCTS

Parameter Value R, (min) R, T

0.28 7.64 3.1 1.3

Flow rate (mL/min) 0.30 7.40 3.4 1.3

0.32 7.17 3.5 1.3

40 7.45 3.5 1.3

column . 45 7.40 34 1.3
temperature (%)

50 7.37 3.2 1.3

Percentage 22 8.05 3.2 1.3

Eluent B initial 25 7.40 3.4 1.3

composition 28 6.93 3.5 1.3

Rt=retention time of ibrutinib peak, R_ = resolution between closely
related degradation products (DP-IIl and DP-IV), T_= tailing factor
of ibrutinib peak

Concentration level used for robustness study was 100 pyg mL-1.
Three factors were

slightly changed (Flow rate, Column temperature and Percentage B
initial composition)
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selectivity of method. Assay study of stressed samples
performed in order to perform the mass balance study.
Assay results were more than 98.0 % in every stressed
condition. Specificity chromatogram of ibrutinib and
its ten DPs are given in fig. 4. Method specificity and
peak purity data are given in Table 10. The max plot
chromatogram of ibrutinib and all the DPs are given in
supplementary fig. S8- S18. Neutral degradation study
was carried out different time interval such as 0 min,
1 h, 4 h and 8 h. At each interval, before injection,

Table 8: Limit of Detection (LOD) Evaluation

Sr. No. Peak Name Betentlp n Area S/N
time (min.)
1 Ibrutinib 7.40 2350 6
2 Ibrutinib 7.40 2339 6
3 Ibrutinib 7.39 2351 6
Mean 7.40 2347 6
Std. Deviation 0.01 6.66
ercentage
gso g 0.08 0.28
S/N is signal to noise ratio
TABLE 9: LIMIT OF QUANTITATION (LOQ)
EVALUATION
Retention
Sr. No Peak Name . . Area S/N
time (min)
1 Ibrutinib 7.40 4782 33
2 Ibrutinib 7.39 4807 30
3 Ibrutinib 7.39 4846 33
4 Ibrutinib 7.40 4840 30
5 Ibrutinib 7.38 4796 28
6 Ibrutinib 7.39 4835 28
Mean 7.39 4818 30
Std. Deviation 0.01 26.30
Percentage RSD 0.10 0.55

S/N is signal to noise ratio

TABLE 10: METHOD SPECIFICITY AND PEAK
PURITY DATA

Degradation Relative Purity Purity Resolu-
products Retention time angle threshold tion
DP-I 0.56 0.547  3.775

DP-II 0.62 0.386  2.954 6.0
DP-III 0.74 1.660 17.120 12.4
DP-IV 0.78 4.236  26.431 3.7
DP-V 0.81 0.691  6.526 3.9
DP-VI 0.88 8.048 44.667 7.9
Ibrutinib 1.00 0.277  0.607 12.2
DP-VII 1.09 11.107 90.000 9.0
DP-VIII 1.17 0.624  7.218 7.5
DP-I1X 1.31 0.485  2.445 13.4
DP-X 1.42 10.788 90.000 9.8

2Mass balance =Percemtage Assay+percentage Sum of all impurities
+percentage Sum of all degradants

Purity angle and purity calculated for each degradation product
formed

Indian Journal of Pharmaceutical Sciences 964



www.ijpsonline.com

sample was filtered through 0.22 um filter. The drug
substance was found to stable in neutral degradation
condition. The results are given in Table 11 and fig. S19.

Acid degradation study was carried out different time
interval such as 0 min, 1 h, 4 h and 8 h. At each interval,
stressed sample was neutralized with 1M NaOH
and filtered through 0.22 pum filter before analysis.
Only one degradation product (DP-I, Rt 4.1 min) of
18.0 % was formed during acid hydrolysis. The results
are given in Table 11 and fig. S20. Alkaline degradation
study was carried out different time interval such as
0 min, 1 h, 4 h and 8 h. At each interval, stressed sample
was neutralized with 1M HCI and filtered through
0.22 pm filter before analysis. Five major DP’s
(Rt 4.1, 4.6, 6.0, 8.6 and 9.6 min) of 28.10 % were
formed during alkaline hydrolysis. The results are
given in Table 11 and fig. S21.

Oxidative degradation study was carried out different
time interval such as 0 min, 1 h, 4 h and 8 h. At
each interval, stressed sample was filtered through
0.22 pm filter before analysis. Five major DP’s

(Rt5.5,5.7,6.5,8.0and 10.4 min) 0f 17.00 % were formed
during oxidative degradation. The results are shown in
Table 11 and fig. S22. Ibrutinib drug substance was
found to stable when exposed to photo stability chamber
(1.2 million lux h) and UV light. There was no
signification degradation observed. The results are given
in Table 11 and fig. S23-24. Thermal degradation study
was carried out by keeping 100 mg sample in duplicate
in Petri dish and sealed. One petridish exposed to dry
oven at a temperature of 105° for 24 h and other kept
as control. After desired time period (24 h), stressed
sample and control sample was diluted with diluent to
produce a concentration of 100 pg ml' and filtered with
filter paper before injection. Ibrutinib was found to be
stable under thermal (105° for 24 h) stress conditions.
The results are given in Table 11 and fig. S25.

A novel, linear, accurate, specific, reliable and specific
stability-indicating UPLC method was developed and
fully validated for the determination of ibrutinib in the
presence of its DPs. It is first reported highly sensitive
UPLC method capable of separating ibrutinib and its ten
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Fig. 4: Specificity chromatogram of ibrutinib and ten degradation products

DP-1 peak with t, of 4.1 min, DP-2 peak with t, of 4.6 min, DP-3 peak with t, of 5.4 min, DP-4 peak with t, of 5.7 min, DP-5 peak with
t, of 6.0 min, DP-6 peak with t, of 6.5 min, ibrutinib peak with t, of 7.3 min, DP-7 peak with t, of 8.0 min, DP-8 peak with t, of 8.6 min,

DP-9 peak with t, of 9.6 min and DP-10 peak with t, of 10.4 min.

TABLE 11: FORCED DEGRADATION STUDY OF IBRUTINIB

Stress Condition Assay of ibrutinib (%)

Observation 3Mass Balance (%)

Untreated Sample 99.34

Neutral degradation 99.24 No major degradation observed 99.35
Acid degradation 81.39 Unknown degradant of 18.0 % was observed 99.39
Basic degradation 71.14 Five unknown degradation products of 28.10 % were 99.24

formed.

Oxidative degradation 82.65 Five unknown degrada]};c;rr:]ep;oducts of 17.00 % were 99.65
Photolytic degradation 99.52 No major degradation observed 99.61
UV degradation 99.55 No major degradation observed 99.55
Thermal degradation 99.48 No major degradation observed 99.59

aMass balance=Percentage Assay+Percentage Sum of all impurities+Percentage Sum of all degradants

Mass balance activity at different stress conditions were performed.
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DPs up to nano gram level. The drug under investigation
was found to be more sensitive to acidic, basic and
peroxide degradation conditions as it degraded by
18.0 28.10 % and 17.0 % respectively. Ibrutinib is
found to be stable when exposed to neutral hydrolysis,
photolytic and thermal degradation conditions.
Validation of the RP-UPLC method as per the ICH
guidelines demonstrates that the method is highly
sensitive, linear, rapid, robust and stability-indicating.
Therefore, work may be useful for estimation of ibrutinib
in bulk and pharmaceutical dosage form and also very
useful in further identification and characterization of
different DPs when exposed to stress condition.
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