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INTRODUCTION
Ibrutinib is an anticancer drug that targets B-cell malignancies. The 
IUPAC name of  Ibrut in ib  is  1-[ (3R)-3-[4-amino-3-(4-
phenoxyphenyl)-1H-pyrazol [3,4-d] pyrimidin-1-yl] piperidin-1-yl] 

1prop-2-en-1-one . Ibrutinib is a potent, irreversible inhibitor of 
Bruton's tyrosine kinase (BTK). It forms a covalent bond with a 
cysteine residue in the active site of BTK (Cys481), leading to its 

2inhibition . The inhibition of BTK plays a role in the B-cell receptor 
signaling and thus, the presence of Ibrutinib prevents the 

3,4phosphorylation of downstream substrates such as PLC-γ . 
Preclinical studies have shown that Ibrutinib effectively inhibits the 
proliferation and survival of malignant B cells in vivo, as well as cell 

5-7migration and substrate adhesion in vitro . The latter effect has been 
8-10shown to produce regression in xenograft mouse models . Ibrutinib 

was FDA-approved in 2013 for the management and treatment of 
11chronic lymphocytic leukemia and mantle cell lymphoma . 

Structurally, it consists of a fused aminopyrimidine-pyrazole core with 
12a piperidine substitution on pyrazole . More importantly, an 

acrylamide group is presently attached to piperidine nitrogen, 
responsible for its irreversible inhibitory action on Bruton's tyrosine 

13kinase . In the molecular modeling-based structural analysis of 
ibrutinib bound to BTK, the visible contacts include the H-bond 
interaction between the 4-amino group of ibrutinib and hinge residue 

14Glu475 . Similarly, another H-bond interaction occurs between N3 of 
pyrazolo[3,4-d]pyrimidine nucleus and Met477. Hydrophobic 
interactions with Leu408, Met449, Ile472, and Leu542 along with 

15vander Waals interaction with Asp539 are also observed . More 
importantly, the acrylamide group lies closer to the thiol group of 
Cys481 supporting the covalent interaction. H-bond and hydrophobic 
contacts are essential for the proper orientation leading to the covalent 

16modication between acrylamide and Cys48 .

Fig. 1: Structure of Ibrutinib

As per literature survey, Ibrutinib was estimated individually by few 
methods like simple HPLC , Ultra HPLC, HPLC-MS method 
validation of ibrutinib. The objective of the work is to develop RP-
HPLC method for estimation of Ibrutinib in tablet dosage form with 
simple, rapid, accurate and economical methods and validated for 
system suitability, linearity, accuracy, precision, robustness and 
stability of sample solution as per ICH guidelines. 

Experimental Method
Chemical & Reagents: Ibrutinib was obtained from Sura 
Laboratories, Hyderabad, India and the tablet formulation Imbruvica 
(Brand name) is purchased from Janssen Cilag International Nv. All  
the reagents such as methanol, acetonitrile used were of analytical 
grade of Merck company. 

Instrumentation and Chromatographic Conditions: A HPLC 
system (Waters, Model 2996) with software, Empower 2, tted with 
Phenomenex Luna C18 (4.6 x 150mm, 5m) and PDA detector (at 
250nm) was used for the complete analysis. Isocratic run with a ow 
rate 1ml/min was preferred for resolving the drug.

Preparation of Mobile Phase: Accurately measured 250 ml (25%) of 
HPLC Methanol and 750 ml of HPLC Water (75%) were mixed and 
degassed in a digital ultra-sonicater for 15 minutes and then ltered 
through 0.45 µ lter under vacuum ltration.

Preparation of Standard Solution: Accurately weighed 10 mg of 
Ibrutinib working standard was transferred into a 10ml of clean dry 
volumetric asks, added about 7ml of methanol and sonicated to 
dissolve and removal of air completely. Finally, the volume was made 
up to the mark with the same solvent methanol. Further 0.5ml of the 
above Ibrutinib stock solution was pipetted into a 10ml volumetric 
ask and diluted up to the mark with methanol. The average retention 
time was found to be 2.380 min.

Preparation of Sample Solution and Assay: An equivalent weight of 
10 mg of Ibrutinib was transferred into a 10mL clean dry volumetric 
ask and added about 7mL of diluent and sonicated to dissolve it 
completely to make up the volume up to the mark with the same 
solvent. Further 0.5ml of Ibrutinib above stock solution was pipetted 
into a 10ml volumetric ask and diluted up to the mark with the diluent. 
The three replicate injections of standard and sample solutions were 
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injected and calculated the assay value.

Forced Degradation Studies
The specicity of the method can be demonstrated by applying stress 
conditions using acid, alkaline, peroxide, photolytic and thermal 
degradations. The sample was exposed to these conditions and the  
main peak of the drug was studied for peak purity which indicated the 
method effectively separating the degradation products from the pure 
active ingredient. 

Acid Degradation Studies: To 1 ml of Ibrutinib stock, 1 ml of 5N HCl 
was added and reuxed for 1 hr at 60 ºC. The resultant solution was 
neutralized with 1 ml 5N NaOH and made up the nal volume with 
diluent. The solution was cooled to the room temperature and ltered 
through 0.45μm membrane lter. A sample of 10μl was injected into 
the HPLC system, and the chromatograms were recorded to assess the 
stability of the sample.

Alkali Degradation Studies: To 1 ml of stock solution of Ibrutinib, 1 
ml of 5N sodium hydroxide was added and reuxed for 30 min at 60 ºC. 
The resultant solution was neutralized with 1 ml of 5N HCl and made 
up the nal volume with diluent. The solution was cooled to the room 
temperature and ltered through 0.45μm membrane lter. A sample of 
10μl was injected into the HPLC system, and the chromatograms were 
recorded to assess the stability of the sample.

Oxidation Degradation Studies: To 1 ml of stock solution of 
Ibrutinib, 1 ml of 30% hydrogen peroxide (H O ) was added separately. 2 2

The solution was kept for 2hr 30 min at 60ºC. For HPLC study, the 
resultant solution was diluted up to the mark with diluent. The solution 
was cooled to the room temperature and ltered through 0.45μm 
membrane lter. A sample of 10μl was injected into the HPLC system, 
and the chromatograms were recorded to assess the stability of the 
sample.

Dry Heat Degradation Studies: A volume of 1 ml of standard drug 
solution was placed in the oven at 60ºC for 4h to study dry heat 
degradation. For HPLC study, the resultant solution was made up to 
nal volume with diluent. The solution was cooled to the room 
temperature and ltered with 0.45μm membrane lter. A sample of 
10μl was injected into the HPLC system, and the chromatograms were 
recorded to assess the stability of the sample.

Photo Degradation Studies: The photo stability of the drug was 
studied by exposing the stock solution to UV light for 2 days or 200 

2Watt-hours/m  in photo stability chamber. For HPLC study, the 
resultant solution was diluted to obtain (40μg/mL and 20μg/mL) 
solution and ltered through 0.45μm membrane lter. A sample of 
10μl solution was injected into the system, and the chromatograms 
were recorded for the assessment of sample stability.

Method Validation: The developed method was validated as per ICH 
Q2 (R1) and USFDA guidelines. The method was validated for the 
parameters such as linearity and range, specicity, accuracy, precision, 
robustness, ruggedness, limit of detection (LOD), and limit of 
quantitation (LOQ). The specicity was determined by injecting 
samples of blank, placebo (except Ibrutinib), standard solution, and 
sample solution from the formulation. 

Stability-indicating Tests: After performing the chromatographic run 
with several solvent mixtures, the mobile phase consisting of 
methanol: acetonitrile (25:75 v/v) was found to furnish sharp, well-
dened peaks with good symmetry. The percentage degradation and 
percentage recovery data for stress degradation studies are 
summarized in Table-1. From the forced degradation conditions, it was 
observed that the degradation of Ibrutinib is higher in alkaline and 
lesser in thermal conditions. As per ICH guidelines, the limit of 
acceptable forced degradation is less than 20%. In the proposed 
method, the degradation of Ibrutinib was less than 20%, which 
represents the stability-indicating method.

RESULTS AND DISCUSSION   
Method development and optimization of chromatographic 
conditions: To achieve satisfactory separation of Ibrutinib, different 
solutions at various pH conditions and solvents of different 
proportions were tested as binary and tertiary eluents. However, the 
mobile phase was adjusted with Methanol and Acetonitrile at a ratio of 
25:75v/v with a run time of 6 min to achieve good satisfactory results at 
a ow rate of 1.0 mL/min measured at a detection of 250 nm. The 

optimized chromatogram and optimized conditions are mentioned in 
Fig. 2.

Fig. 2: Typical Optimized Chromatogram Of Ibrutinib

System Suitability
The system suitability test was performed to check whether the 
complete testing system was suitable for the required application. The 
standard solution was injected for ve times and the area for all ve 
injections in HPLC were measured. Peak area, retention time, 
theoretical plates and tailing factor were measured. The experimental 
result shows that the parameters tested were within acceptable limit for 
% RSD of peak area, theoretical plates and tailing factor.

Method Validation
Linearity: The plot of Concentration (x) versus the Average Peak Area 
(y) data of Ibrutinib is a straight line.
y = mx + c     Slope (m) = 605
                     Intercept (c) = 19359
          Correlation Coefcient (r) =   0.999

Fig 3: Linearity Graph Of Ibrutinib

Validation Criteria: The response linearity is veried if the 
Correlation Coefcient is 0.999 or greater as shown in Fig 3. 
Correlation Coefcient (r) is 0.99, and the intercept is 19359. These 
values meet the validation criteria.

Precision: The repeatability was performed by taking standard 
solution which is injected for ve times and measured the area for all 
ve injections in HPLC. The % RSD for the area of ve replicate 
injections was found to be within the specied limits. The same study 
was performed by two different analysts to determine the inter-day 
precision in which standard solution was injected for six times and 
measured the area for all six injections in HPLC. The % RSD for the 
area of six replicate injections was found to be within the specied 
limits. The % RSD values for system and inter- day precision study  
was 0.176 % and 0.204 % respectively, which conrms that the method 
was sufciently precise.

Accuracy: The three replicate injections of individual concentrations 
(50%, 100%, 150%) were injected under the optimized conditions. 
Later the chromatograms were recorded and measured the peak 
responses. Difference between the peak areas obtained for fortied and 
unfortied solutions were used to calculate percentage recovery of 
drugs. The recovery data indicates that excellent recoveries observed 
despite the presence of the degradation product of the drugs.

Specificity: The specicity was established by injecting the sample 
solutions of the drugs in presence of their degradation products and 
determining the peak purity. The complete separation of the drugs from 
their degradation product was noticed. The average retention times for 
the degraded products were furnished.

Limit Of Detection And Limit Of Quantification: The LOD and 
LOQ of the drug were determined by using a signal to noise ratio of 3 
and 10 respectively. The LOQ was veried by injecting 6 replicates at 
its concentration. The limit of detection (LOD) and limit of 
quantication (LOQ) were 2.4 µg/mL and 6.34 µg/ml respectively. 
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Low value of LOD and LOQ indicate the method is sensitive.

Robustness: The separation of drug and degradation products is 
achieved after changing the ow rate from 0.9-1.1 mL/min, variation 
of mobile phase i.e., Methanol: Acetonitrile was taken in the ratio and 
30:70, 20:80 instead of 25:75, column from different manufactures and 
solvents of different lots.

Analysis Of Marketed Sample: The amount of Ibrutinib tablets 
expressed as percentage of label claim and they were in good 
agreement i.e; suggesting no interference from the excipients of the 
tablet. The percentage assay results were found to be 99.8%.

Table 1 : Summary Of Forced Degradation Studies Of Ibrutinib

Table 2: Summary Of Validation And System Suitability 
Parameters

CONCLUSION
In the present investigation, a simple, sensitive, precise and accurate 
RP-HPLC method was developed for the quantitative estimation of 
Ibrutinib in bulk drug and pharmaceutical dosage forms. This 
technology made use of a reasonably priced solvent system. The % 
RSD readings were within limits, and the method was found to be 
precise. The RP-HPLC method produced good results as per the ICH 
guidelines. System suitability parameters were studied by injecting the 
standard six times and results were well under the acceptance criteria. 

2 Linearity study was carried out between 30-70g/ml levels, R value was 
found to be as 0.999. The method was successfully validated according 
to USFDA guidelines for all the parameters which were found within 
acceptance criteria. The developed method may be useful for routine 
analysis of Ibrutinib tablets or for assay of Ibrutinib tablets from 
stability batches.
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Degradation Conditions % Degradation of Ibrutinib
Acid 2.15
Base/Alkaline 3.24
Oxidative 0.592
Photolytic 0. 729
Thermal 0.256

Parameters Ibrutinib
Linearity 30-70µg/ml
Correlation Coefcient 0.999
LOD (µg/mL)
LOQ (µg/mL)

2.4µg/ml
6.34µg/ml

Accuracy (%) 100.54%
System Precision 0.17653%
Intermediate Precision 0.204563%
Robustness Robust
Assay (%   mean assay) 99.80%


