
INTRODUCTION
Imatinib mesilate is used to treat acute lymphoblastic leukemia 
in pediatrics and adults. It is also called as Philadelphia 
chromosome positive. Imatinib mesilate is used along with 
chemotherapy in adults it used in the treatment of hyper 
eosinophilic syndrome or chronic eosinophilic leukemia. It is 
preferably used in newly diagnosed chronic phase cancer in 
children and in adults.1,2 

Reviewed number of literatures there are several methods 
available for the determination of imatinib mesilate. In 
these methods either only single or double impurities can be 
determined, some are only able to determinate the individual 
imatinib mesilate and some are using liquid chromatography–
mass spectrometry (LCMS).3-5 Reviewed number of literatures 
but no single method is available to separate five specified 
impurities in single chromatographic method.6,7 Imatinib acid 
impurities, imatinib N-oxide impurity, imatinib impurity-A, 
imatinib impurity-B, and imatinib desmethyl impurity are well 
separated in this developed method. This is reverse phase UV 
detection method with very simple mobile phase and small 
run time method. 

MATERIALS AND METHODS
Equipment used: Water HPLC 2695 equipped with UV and 
PDA detector 2998, Lab-India pH meter used for separation and 

XB ridge C18, 250 x 4.6 mm, 3.5 μm column used to achieve 
the separations, flow rate is 1.5 mL/min with gradient mode and 
Mettler Toledo balance is used for all method validation study.
Reagents and Chemicals
Ammonium acetate, ammonia, acetonitrile and methanol 
chemicals and reagent used for preparation buffer preparation.

Chromatographic conditions9: Separation was done by 
using mobile phases such as ammonium acetate, pH 9.5, and 
a 40:60 v/v combination of acetonitrile and methanol. The 
X-bridge C18 column (250 x 4.6 mm, 5 µm) was selected 
because to its 18% carbon weight, which helps in separation 
and gradient. The flow rate is 1.5 mL/min, and the selected 
spectrum range is 264 nm. The column temperature is 30°C, 
with an injection volume of 10 µL. The imatinib mesilate elutes 
at about 18 minutes, and the total run time is 45 minutes.
Preparation of Mobile Phase

Mobile phase-A10

Dissolve about 3.85 g/L of ammonium acetate in water. Adjust 
pH 9.5 ± 0.05 with ammonia solution. Filter through 0.45 µ 
filter.
Mobile phase-B
Prepare a mixture of acetonitrile and methanol in a ratio of 
40:60, (% v/v)
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Diluent
Prepare a mixture of water and acetonitrile in a ratio of 50:50 
(% v/v) (Table 1).
System suitable solution
Prepared 0.5 mg/mL solution imatinib mesilate (Figure 1) 
system suitability CRS containing impurities.11

Preparation of standard solutions
Weigh an amount of 30 mg of imatinib mesilate standard and 
transfer to a 25 mL volumetric flask. Dissolve with 20 mL of 
diluent and dilute to volume with diluent, then mix.
Sample solution preparation12

Weigh exactly 20 tablets and crush into fine powder. From the 
fine powder 100.0 mg of imatinib powder was transferred in to 
a 100 mL volumetric flask. Add 70 mL of diluent and sonicate 
for 20 minutes while shaking intermittently. Cool the flask to 
room temperature, then dilute to volume with diluent and mix.

Table 1: Gradient program: Mobile phase-A9

Time (Minutes) 0 25 35 40 45

Mobile phase-A (% v/v) 58 58 20 58 58

Mobile phase-B (% v/v) 42 42 80 42 42

Table 2: System suitability of imatinib mesilate

Parameter Imatinib mesilate

USP Tailing factor 1.1

All impurities peak resolution with 
respect to each other

More than 1.5

%RSD of Area 0.6

Table 3: RRT and RRF of impurities in system suitability of imatinib 
mesilate

Name of the component ~ RRT RRF LoQ in % LoD in %

Imatinib 1.00 1.00 0.03 0.01

Imatinib acid impurity 0.10 0.04 0.05 0.02

Impurity-A 0.13 0.36 0.05 0.02

Impurity-B 0.15 0.85 0.05 0.02

N-Oxide impurity 0.37 0.33 0.03 0.01

Desmethyl impurity 0.58 1.03 0.03 0.01

Figure 2(a): Chromatogram of blank

Figure 2(b): Chromatogram of standard

Figure 2(c): Chromatogram of spiked sample

 

Figure 2(d): Structure and name of impurities

(Name left to right, the name of impurities and impurity-A, B, Acid 
impurity. Desmethyl impurity & N-oxide impurity)

Q3

Figure 1: Imatinib mesilate: C30H35N7O4S8
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Table 5: Result of precision study

S. No. Spl prep-1 Spl prep-2 Spl prep-3 Spl prep-4 Spl prep-5 Spl prep-6 %Average Overall %RSD

Acid Impurity 98.9 99.1 97.6 97.9 99.2 96.9 98.2 1.0

Impurity-A 101.9 103 100.8 100.2 102.5 99.4 101.3 1.4

Impurity-B 97.6 95.5 91.1 90.9 95.5 95.0 94.3 2.9

Desmethyl impurity 100.6 100.4 100.3 100.8 100.5 100.7 100.6 0.2

N-Oxide impurity 98.3 98.1 98.6 98.7 98.5 98.6 98.5 0.2

Enhancement of RP-HPLC method
This method developed considering imatinib acid impurity, 
impurity-A, impurity-B, N-oxide impurity and desmethyl 
impurity. The selection of the mobile phase’s pH is considering 
the nature and elution of impurities based on the number of 
trials. The imatinib mesilate having four pka values, i.e., 1.52, 
3.73, 2.56 and 8.07. Different pH ranges such as pH 3.0, 6.5 and 
mobile phase with ion pairs, buffers such as phosphate has been 
evaluated for the better separation of impurities but overall the 

pH 9.5 found more suitable. Different combination of buffer 
with acetonitrile has been evaluated, in this combination of 
methanol and acetonitrile plays important role. The ambient 
column temperature and 30°C have been evaluated, and 30°C 
was found to be more suitable than ambient temperature. 
The gradient plays an important role for the separation of all 
analytes with 18 minutes, however long eluting unknown peaks 
were observed hence the run time kept about 45 minutes. The 
method is suitable and the separation of above impurities is 

Table 4: Linearity results for imatinib mesilate

Parameters Impurity-A Impurity-B N-oxide impurity Desmethyl impurity Acid impurity Imatinib assay

Slope 8639.26 20552.40 38053.47 24839.74 1060.68 26179.66

Intercept -141.11 -2819.30 -4243.45 -2252.95 89.47 211278.4

%Y-Intercept -0.55 -4.73 -3.62 -1.92 2.60 0.80

Correlation (R) 1.000 0.999 0.996 0.996 0.997 1.000

R2 1.000 0.999 0.996 0.996 0.997 1.000

Figure 3: Linearity results for imatinib mesilate
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achieved in short run. This is unique method that separate the 
all impurities in single run. Further, forced degradation study 
performs to check the addition degradation peaks. Initially the 
European pharmacopeia method verified the above impurities 
however in this method the degradation impurities peak due to 
oxidation stress sample are found merged in N-oxide impurity. 
Various gradient, column temperatures, mobile phases, change 
in gradient has been evaluate. Finally, a suitable method is 
achieved with XBridge 250 x 4.6 mm, 5 µm column. The 
final mobile phase is pH 9.5 acetate buffer, and the mixture of 
acetonitrile and methanol is found most suitable. 
Validation Study
Validation of this method done using ICH Q2 (B) guidelines.13

System suitability
Blank (diluent) solution, standard solution five replicates 
injected as per above chromatography to establish the system 
suitability. Refer Tables 2 and 3 for results.
Specificity
The method’s specificity was demonstrated by injecting 
blank, standard, and spiked sample solutions containing all 

Table 6: Result for accuracy

Acid impurity

% Level* Added qty in (µg/mL) Found qty in (µg/mL) Recovery in % Average recovery % %RSD

LoQ 0.512 0.507 99.0 101.2 1.9

100% 2.048 2.025 98.9 98.2 1.0

150% 6.144 6.255 101.8 100.6 1.14

Impurity-A

% Level Added qty in (µg/mL) Found qty in (µg/mL) Recovery in % Average recovery % %RSD

LoQ 0.499 0.510 102.2 101.2 0.9

100% 1.996 2.033 101.9 101.3 1.4

150% 5.987 6.116 102.2 100.6 1.1

Impurity-B

% Level Added qty in (µg/mL) Found qty in (µg/mL) Recovery in % Average recovery % %RSD

LoQ 0.490 0.515 105.1 106.0 1.7

100% 2.073 2.024 97.6 94.3 2.9

150% 6.219 6.179 99.4 101.0 1.0

Desmethyl Impurity

% Level Added qty in (µg/mL) Found qty in (µg/mL) Recovery in % Average recovery % %RSD

LoQ Level-1 0.302 0.301 99.7 98.8 1.1

100% Level-1 3.020 3.038 100.6 100.6 0.2

150% Level-1 9.060 9.083 100.3 100.3 0.2

Desmethyl Impurity

% Level Added qty in (µg/mL) Found qty in (µg/mL) Recovery in % Average recovery % %RSD

LoQ Level-1 0.292 0.305 104.5 96.8 4.1

100% Level-1 1.834 1.802 98.3 98.5 0.2

150% Level-1 6.101 5.865 96.1 96.1 0.4

Table 7: Robustness results for imatinib mesilate

Parameter Change %Difference in assay of 
imatinib mesilate

Wavelength (nm)
262 0.1

266 0.1

Column 
temperature (°C)

25 0.7

35 1.3

pH
9.3 1.1

9.7 0.7

*Further there is no any significant variation observed in the impurities 
result as all result found below 0.05%

contaminants as well as particular impurities. Placebo solution 
injected to prove the specificity of the method for dosage form. 
All imatinib peak and their impurities were resolved well with 
each other. there is any interference was not detected owing to 
the blank and placebo at the retention time of imatinib mesilate 
peak and specified impurities. The chromatograms of blank, 
standard solution and spiked sample is given in Figures 2a, 2b 
2c and 2d. respectively. 
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Table 8: Forced degradation results for imatinib mesilate tablets

Name of the solution
Finished sample API

Total impurities (%) %Assay Mass balance Total impurities (%) %Assay Mass balance

Control sample 0.09 100.5 NA 0.06 99.9 NA

Base stress sample
(2.0N NaOH/2 mL/80°C for 1-hour) 0.46 100.6 100.7 0.28 100.8 101.2

Acid stress sample
(2.0N HCl/2 mL/80°C for 2 hours) 10.60 92.6 102.7 10.86 93.4 103.7

Oxidation stress sample
(KMNO4/2 mL/80°C for 1-hour) 0.90 98.3 98.7 0.47 99.8 100.4

Thermal stress sample
(80oC/48 hours) 0.26 101.8 101.6 0.06 100.6 100.8

Photolytic stress sample
(200-watt hours/m2± 1.2 m Lux hour) 0.14 100.3 99.9 0.04 100.6 100.7

Water hydrolysis
(H2O/10 mL/80°C for 1-hour) 02 97.1 96.8 0.06 99.8 100.1

*Used empower software and PDA detector for determination of peak purity i.e Purity threshold should be greater than purity angle.

Table 9: Filter suitability study

Sample Centrifuged spiked sample filtered with 0.45 µm 
PVDF filter 2 mL discarded volume 

Spiked sample filtered with 0.45 µm 
nylon filter 2 mL discarded volume 

Imatinib acid impurity 0.203 0.211 0.205

Impurity-A 0.165 0.166 0.163

Impurity-B 0.087 0.085 0.090

N-oxide impurity 0.322 0.322 0.321

Desmethyl impurity 0.282 0.279 0.279

Single max unknown 0.012 0.012 0.012

Total impurity 1.10 1.10 1.10

Difference from Initial

Imatinib acid impurity NA 0.008 0.002

Impurity-A NA 0.001 -0.002

Impurity-B NA -0.002 0.003

N-oxide impurity NA 0.000 0.001

Desmethyl impurity NA 0.003 0.003

Single max unknown NA 0.00 0.00

Total impurity NA 0.00 0.00

Assay 99.9 100.0 100.4

Difference of assay NA 0.1 0.5

Linearity
Imatinib and its impurities linearity range covered from 0.3 to 
6 ppm for impurities and for assay up to 1985 ppm. Calculated 
the correlation coefficient, slope and y-intercept for all imatinib 
and its impurities. Refer to Table 4 and Figure 3 for all the 
results.
Precision
The spiked sample was prepared by spiking all the specified 
impurities. Further intermediate precision performed by 

preparing similar preparation as precision. Precision and 
intermediate precision perform for impurities and for assay i.e. 
content of imatinib. All results found satisfactory. In Table 5 
summarizes the results.
Accuracy
The accuracy study performed using individual impurity 
standards and against imatinib using RRF. Both the recoveries 
found well within acceptance criteria and comparable. The 
recovery was performed for the assay from 50 to 150% of the 
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Table 10: Solution stability study for RS

Sample Initial After 
27 hrs

After 
37 hrs

After
47 hrs

Imatinib acid impurity 0.193 0.188 0.197 0.199

Impurity-A 0.179 0.181 0.180 0.182

Impurity-B 0.189 0.179 0.181 0.181

N-oxide impurity 0.243 0.256 0.255 0.258

Desmethyl impurity 0.275 0.271 0.273 0.276

Single max unknown 0.02 0.02 0.02 0.02

Total impurities 1.11 1.15 1.16 1.17

Difference from Initial

Imatinib acid impurity NA 0.005 -0.004 -0.006

Impurity-A NA -0.002 -0.001 -0.003

Impurity-B NA 0.010 0.008 0.008

N-oxide impurity NA -0.013 -0.012 -0.015

Desmethyl impurity NA 0.004 0.002 -0.001

Single max Unknown NA 0.00 0.00 0.00

Total impurities NA 0.01 0.00 -0.01

Table 11: Solution stability study for assay

Assay sample solution at room temperature

Time interval % of assay %Difference 

Initial (hours) 100.7 NA

After 14 100.9 0.2

After 42 100.7 0.0

After 52 101.3 0.6

After 62 101.6 0.9

Figure 4: Chromatogram of sample

Table 12: Result of pharmacy market sample11

Product Strength/LC Recovered in mg %Assay

GLEEVEC 400 396 99.0

target concentration. The accuracy results are captured under 
Tables 6 and 7.
Robustness
The robustness study is performed by identifying the critical 
parameter during the development phase. Change in buffer pH, 
change in column temperature and change in wavelength are 
the identified parameters on which the robustness study was 
conducted by using spiked sample. The results are compared 
with controlled samples, i.e., unaltered condition spiked sample 
results. All results were found to be comparable with unaltered 
conditions. The results are captured in Table 8.
Forced degradation study
Acid stress, base stress, oxidation stress, thermal stress, 
photolytic stressed and water hydrolysis stressed condition 
blank, placebo, API and dosage form sample prepared using 
above sample preparation procedure and injected under 
the system. Calculated the %degradation, peak purity and 
mass balance. The degradation peaks from each known and 
unknown impurities are found well resolved. The peak purity 

found passes, which is verified by the empowering software. 
Refer Table 9 for result of forced degradation.14-17

Filter validation
Evaluated the 0.45 µ PVDF and nylon filter for both assay and 
impurities. The result compared against a centrifuged sample 
and the difference found well within acceptance criteria. The 
results are captured in Table 10.
Solution stability
The solution stability was established using a spiked sample 
solution and a controlled assay solution. Evaluated the system 
suitability followed by the %impurities and %assay with 
respect to initial results. For result refer Tables 11 and 12
Assay of marketed formulations
This method determined the assay and impurities of 
local pharmacy sample. The results found suitable. The 
chromatogram for results refer to Table 12 and Figure 4.

RESULTS 
A high carbon load column with extended pH stability (Xbrigde 
C18, Wates) is selected for better stability and resolution of 
peaks (35–37). Mobile phase combination of acetate buffer 
pH 9.5 and mixture of methanol and acetonitrile with gradient 
elution plays important role in separation. The retention time 
18.0 minutes is nominal considering the impurities separation 
and total run time 45 minutes. This method is capable of 
estimating the assay of imatinib and its related impurities. 
The chromatogram suitability parameters are summarized in 
tables. The sensitivity of method is less than 0.05% which is 
very good considering the 0.05% is disregard limit in many 
pharmacopoeial methods.

All method validation parameter results found well 
within pre-defined acceptance criteria. The developed 
method fully validated without any discrepancy. Further the 
forced degradation study and degradation peaks found well 
separate from known and unknown impurities, hence it can be 
concluded that the method is stability indicating method. The 
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acetate buffer pH 9.5 ± 0.05 and mixture of acetonitrile and 
methanol are found most suitable mobile phase with column 
XBridge C18, 250 X 4.6 mm, 5 µ in gradient mode separation. 
pH of mobile phase plays important role to separate all the 
impurities. Preferably acid impurity is highly polar and it elutes 
early. In this method the acid impurity peak is well resolved 
from other peaks. The method validation results proved that 
given method is selective, accurate, specific, precise and robust. 
Filter study and solution stability study performed. The nylon 
and PVDF both filters found suitable for sample filtration. This 
method is capable to quantify the five specified impurities and 
assay of imatinib within single method.
System suitability
Blank (diluent) solution, standard solution five replicates 
injected as per above chromatography to establish the system 
suitability. Refer Tables 2 and 3 for results. 

CONCLUSION
The validation study was performed as per ICH guideline 
and All result found well within acceptance criteria. [9]. It is 
concluded that this method can be utilized to determine the 
assay and related impurities on imatinib mesilate from dosage 
form. The method accurate, precise, specific and robust. 
Further the methzod is stability indicating. 
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