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Abstract 
Highly sensitive liquid chromatography-tandem mass spectrometry (LC-MS/MS) 
method has been developed for the simultaneous determination of five po-
tential genotoxic impurities in ranolazine active pharmaceutical ingredient. 
Chromatographic separation achieved using Poroshell C18 PFP 150 × 3.0 mm 
2.7 µ column and 0.1% formic acid in water as Mobile phase A and 0.1% for-
mic acid in methanol as mobile phase B using gradient elution and a flow rate 
of 0.4 ml/min with a run time of 18 minutes. Mass spectrometric conditions 
were optimized using electrospray ionization in positive mode. Method 
shows excellent linearity from 0.05 - 5.0 ppm of the ranolazine test concen-
tration for all the five impurities. The correlation coefficient was observed 
greater than 0.99. Satisfactory recoveries were observed for all the five impur-
ities within the range of 102.9% - 112.3%. Method has been validated as per 
ICH recommended guidelines with a LOQ of 0.15 ppm achieved. The devel-
oped method was able to quantify all the five impurities at a concentration 
level of 1 ng/ml (0.5 ppm with respect to 2 mg/ml ranolazine). 
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1. Introduction 

Pharmaceutical impurities are the unwanted chemicals that remain with active 
pharmaceutical ingredients which may arise during synthesis or may be derived 
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from sources such as starting materials, intermediates, reagents, solvents, cata-
lysts, reaction by-products and can also form due to degradation of API. Poten-
tial genotoxic impurities (PGI) are the impurities that have potential to interact 
with genetic material and can cause DNA alteration or damages. During toxico-
logical assessment, these PGIs are proven to be genotoxic with established data 
for carcinogenicity. Several regulatory agencies like United States Food and Drug 
Administration (USFDA) [1] [2] and European Medicines Agency (EMEA) [3] 
and very recently International council of Harmonization of technical require-
ments for pharmaceuticals use (ICH) [4] have released guidelines regarding the 
regulatory issues related to the presence of genotoxic impurities in new drug 
substances and products. Threshold of toxicological concern refers to a thre-
shold exposure level of 1.5 µg/day was also established. It is of utmost impor-
tance to quantify these genotoxic impurities at trace levels which would require 
highly sensitive analytical techniques like LC-MS/MS to establish the safety of 
the drug product for human use. 

Ranolazine, a piperazine derivative sold under the trade name Ranexa, is a 
well-tolerated medication that selectively inhibits the late sodium current. Rano-
lazine is currently approved in the United States and Europe as a second-line 
agent in the management of chronic stable angina pectoris (CSAP) [5] One 
study also demonstrated that ranolazine was an effective anti-anginal in patients 
with stable coronary artery disease despite maximal doses of amlodipine [6]. In 
addition, ranolazine decreases angina episodes and increases exercise tolerance 
in individuals taking concomitant atenolol, amlodipine or diltiazem. Ranolazine 
indirectly prevents the calcium overload that causes cardiac ischemia [7]. 

The aim of the current research work is to quantify five potential genotoxic 
impurities observed in ranolazine drug substance at trace levels. During exten-
sive literature survey for analytical techniques for the determination of impuri-
ties in ranolazine, there were several chromatographic methods reported which 
are stability indicating for ranolazine drug substance and formulation [8] [9] 
[10] [11]. Several methods were reported for determination of ranolazine in bulk 
and tablet dosage form [12] [13] and some LC-MS/MS methods reported for de-
termination of ranolazine in biological matrices [14] [15] [16]. One LC-MS/MS 
method was reported for the determination of single genotoxic impurity 2-[(2- 
methoxy phenoxy) methyl] oxirane content in ranolazine drug substance [17]. 
There were no data in literature available for LC-MS/MS method for simultane-
ous determination of five genotoxic impurities in ranolazine. However, based on 
the results obtained from computational structural analysis for mutagenicity 
alerts, the possible genotoxic impurities were procured. Considering the maxi-
mum allowable dosage, the GTI concentration must be controlled in ranolazine 
at concentration lower than 0.5 ppm. In this paper, we present the highly sensi-
tive LCMSMS method development for the determination of all the five poten-
tial genotoxic impurities namely 2,6,-Dimethyl aniline, Related compound A, 
((2,6-Dimethyl)amino carbonyl methyl) chloride, Chlorohydrin impurity and 
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Dichloro impurity in Ranolazine which are represented in Figure 1. The valida-
tion of the method was performed with respect to specificity, Limit of detection 
(LOD), Limit of quantification (LOQ), linearity, repeatability, accuracy and ro-
bustness in accordance with ICH guidelines. 
 

 

Figure 1. Structures of Ranolazine API (a), 2,6,-Dimethyl aniline (b), ((2,6-Dimethyl)amino 
carbonyl methyl) chloride (c), Related compound A (d), Chlorohydrin impurity (e) and 
Dichloro impurity (f). 
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2. Experimental  

2.1. Reagents and Chemicals 

All the solvents and reagents used are of LC-MS grade with the highest purity 
of >99.8%. Water, Acetonitrile and Methanol were purchased from Honeywell 
(Charlotte, NC, USA). Formic acid was purchased from Fluka. Ranolazine and 
its five potential genotoxic impurities were procured from PS3 labs LLP, Hyde-
rabad, India. 

2.2. Mobile Phase Preparation 

Mobile phase A was prepared by addition of 1 ml of formic acid in 1000 ml of 
water and mobile phase B was prepared by addition of 1 ml of formic acid in 
1000 ml of Methanol. Both the mobile phases were degassed and stored at am-
bient temperature for further use. Fresh mobile phases prepared before each set 
of analysis. 

2.3. Preparation of Sample and Standard Solutions 

Weighed accurately 10 mg each of all five impurities and transferred in 10 ml 
volumetric flasks further dissolved in 100% acetonitrile to obtain final concen-
tration of 1000 µg/ml. A 10 µg/ml mixture of 5 impurities were further prepared 
by adding appropriate volumes of each stock and diluted with 80% Acetonitrile 
solution. Further dilution to 1 µg/ml mixture was performed. A series of calibra-
tion standards were prepared from 1 µg/ml to obtain the final concentrations of 
10, 5, 2.5, 1, 0.5, 0.25 and 0.1 ng/ml. 

Spike solutions for recovery experiment were prepared by weighing accurately 
20 mg of Ranolazine drug substance in 10 ml volumetric flask and then add ap-
propriate volume of 5 impurity mix stock to obtain a concentration of 1 ng/ml 
(0.5 ppm) and 0.3 ng/ml (0.15 ppm) with respect to test concentration of 2 
mg/ml of ranolazine. Experiment was performed in triplicate to ensure the re-
peatability. 

2.4. LC-MS/MS Operating Conditions 

Chromatographic analysis performed using 1290 Infinity II (Agilent technolo-
gies., Santa Clara, CA) UHPLC equipped with a binary pump, multisampler and 
diode array detector coupled with an Agilent 6470 (Agilent technologies., Santa 
Clara, CA) LC-MS/MS triple quadrupole with Agilent Jet stream (AJS) Electro-
spray Ionization interface. Chromatographic separation achieved on Poroshell 
C18 PFP 150 × 3.0 mm 2.7 µ column (Agilent technologies., Santa Clara, CA) 
and 0.1% formic acid in water as Mobile phase A and 0.1% formic acid in me-
thanol as mobile phase B using gradient elution at a flow rate of 0.4 ml/min with 
a run time of 18 minutes. The column oven temperature maintained at 40˚C and 
the autosampler temperature maintained at 10˚C with a injection volume of 10 
µl. The gradient program used as follows (time in min/%B): 0.00/2, 2.00/2, 
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7.00/50, 10.00/90, 14.00/90, 14.1/2, 18.00/2. 
Mass spectrometric conditions were optimized in ESI positive mode using 

MRM mode of acquisition for all the five impurities in the form of protonated 
molecular ions (M + H)+ at m/z 122.1, 181.1, 198.0, 217.1, 232, 0 respectively for 
2,6 Dimethyl aniline, Related compound A, ((2,6-Dimethyl)amino carbonyl methyl) 
chloride, Chlorohydrin impurity and Dichloro impurity. Ionization source was op-
erated with a capillary voltage 4500 V, Nozzle voltage 1500 V, Drying gas tem-
perature 300˚C, Drying gas flow 12 l/min, Nebulizer pressure 35 psi, Sheath gas 
temperature 350˚C, Sheath gas flow 10 l/min respectively. All parameters of LC 
and MS were controlled using Agilent Mass Hunter software version 10.1. 

2.5. Method Validation 

We could successfully validate the developed method in terms of Specificity, re-
producibility, linearity, LOD, LOQ, robustness and solution stability. All the va-
lidation parameters conducted using ICH guidelines. Initially to establish the 
sensitivity of the method individual solutions of the impurities injected at abso-
lute concentrations of 0.3 ng/ml (0.15 ppm wrt ranolazine 2 mg/ml test concen-
tration) and obtained the S/N ratio values. Further repeatability of the method 
was established at 1ng/ml (0.5 ppm wrt ranolazine 2 mg/ml test concentration) 
by injecting six consecutive injections from the same vial. Next, the linearity of 
the method was evaluated from 0.1 ng/ml to 10 ng/ml using seven different 
concentration levels. To calculate slope, intercept and regression coefficient val-
ues least square linear regression was employed. Recovery experiment was per-
formed in triplicate at two different concentration levels of 1 ng/ml (0.5 ppm wrt 
test) and LOQ (0.15 ppm wrt test) to establish the efficiency. Specificity of the 
developed method was assessed in presence of ranolazine API. Robustness of 
the method was tested by altering the mobile phase composition and column 
temperature conditions. Further, the analysis of solutions at different time in-
tervals was performed to establish the solution stability of all the five impuri-
ties. 

3. Results and Discussion 

3.1. Chromatographic Method Development 

This study was conducted to develop highly sensitive and selective analytical 
method that could separate and quantify all the five potential genotoxic impuri-
ties in Ranolazine API. 

To achieve good peak shapes and critical separation between ranolazine and 
impurities, several mobile phase pH and gradient conditions were evaluated but 
0.1% formic acid provided the better peak shapes and sensitivities. Few of the 
columns tested for separation between impurities and ranolazine. In Poroshell 
HPH 150 × 4.6 mm 2.7 µ column, there is coelution of impurities and API ob-
served with initial elution of API. When we tried with Poroshell PFP 150 × 3.0 
mm 2.7 µ column to increase the separation and induce selectivity, we could see 
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good separation between API and all five impurities. Both the methanol and 
acetonitrile were evaluated for mobile phase B and concluded with 0.1% formic 
acid in Methanol due to better separation efficiency. Different flow rates were 
checked and concluded with 0.4 ml/mi. Different column temperatures were 
checked and concluded with 40˚C. The retention times of impurities Dimethyl 
aniline, Related compound A, ((2,6-Dimethyl)amino carbonyl methyl) chloride, 
Chlorohydrin impurity and Dichloro impurity were observed to be 7.74, 10.56, 
10.22, 11.00, 11.002 min respectively and ranolazine eluted at 9.435 min. Repre-
sentative chromatograms for standard and spike samples with all five impurities 
provided in Figure 2 & Figure 3.  

3.2. Optimization of MS/MS Parameters 

Mass spectrometric conditions optimization aimed at developing simple, selec-
tive, highly sensitive and robust method for the determination of five impurities 
in Ranolazine API. 1.0 µg/ml impurity mix solution was used to carry out MSMS 
method development. During initial stages of development positive mode ioni-
zation was found to be more sensitive than negative mode due to the nature of 
the impurities, limiting the method development to positive ionization only. 
Compound dependent parameters like capillary voltage (V), Nozzle voltage (V) 
and fragmentor voltage (V) were optimized for each individual impurity to ob-
tain the desired response for parent ions which are captured in Table 1. Further 
collision energies were optimized by checking with different Collison cell vol-
tages to establish sensitive and reproducible MRM transitions for all the five 
impurities. The MS/MS spectra for all the five impurities at different collision 
energies were captured in Figures 4-8. 

4. Method Validation 

The optimized method was successfully validated as per ICH recommended 
guidelines and established all the critical parameters required to show the effi-
ciency of the method. 
 
Table 1. Optimized MS/MS parameters for all the five potential genotoxic impurities in 
positive ion mode. 

S. No Name of the Impurity 
Precursor ion 

(m/z) 
Production 

(m/z) 
Fragmentor 
voltage (V) 

Collison  
energy (V) 

1 Dimethyl aniline  122.1 105.1 80 16 

2 Related compound A 181.1 125.1 65 6 

3 
Dimethyl phenyl  

aminocarbonyl chloride  
198 122 70 20 

4 Chlorohydrin impurity 217.1 163 80 6 

5 Dichloro Impurity 232 160 120 20 
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Figure 2. 1 ng/ml (0.5 ppm) standard chromatogram for all the five potential genotoxic impurities. 

 

 
Figure 3. 1 ng/ml (0.5 ppm) spike chromatogram for all the five potential genotoxic impurities. 
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Figure 4. MS/MS spectra of dimethyl amine. 

 

 
Figure 5. MS/MS spectra of related compound A. 

 

 
Figure 6. MS/MS spectra of Di methyl phenyl aminocarbonyl chloride impurity. 
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Figure 7. MS/MS spectra of chlorhydrin impurity. 

 

 
Figure 8. MS/MS spectra of dichloro impurity. 

4.1. Specificity 

A single ranolazine with five impurity mix solution was prepared at specification 
level in the diluent. The spiked ranolazine solution was then subjected to LC- 
MS/MS analysis. The obtained results have shown that there is no interference of 
ranolazine API with all the five impurities Dimethyl aniline, Related compound 
A, ((2,6-Dimethyl)amino carbonyl methyl) chloride, Chlorohydrin impurity. 
The chromatogram acquired was captured in Figure 2. 

4.2. Linearity 

The linearity of the method was established from 0.1 ng/ml to 10 ng/ml (0.05 - 5 
ppm) for all five genotoxic impurities. The slope, intercept and regression coef-
ficient values were derived using least squares linear regression analysis of aver-
age peak areas versus concentration of impurities. Good correlation between 
peak areas and concentrations of impurities observed as can be seen in Table 2. 
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4.3. LOD and LOQ  

The LOQ and LOQ values for all the five impurities were determined based on 
S/N ratios of 10.0 and 3.0 respectively, by injecting known standard concentra-
tions and the results are captured in Table 2. Peak to peak algorithm used to de-
rive the S/N ratio values for all the five impurities. Reproducibility and recovery 
were also evaluated at LOQ level using triplicate injections.  

4.4. Accuracy and Recovery 

Accuracy referred as deviation from linearity was evaluated by injecting impuri-
ty mixture from LOQ which is 30% of specification limit and on 10 times the 
specification limit. The acceptance criteria for accuracy is between 70% - 130% 
for such a low concentration range. Accuracy values were observed at all levels 
for all the impurities within 10% which are well within the required acceptance 
criteria. The accuracy (as recovery) was further evaluated by standard addition 
method in triplicate at two concentrations at 0.15 ppm and 0.5 ppm levels in ra-
nolazine API. The acceptance criteria for recovery is 80% - 120%. The percen-
tage recoveries for all the impurities are presented in Table 3. 
 
Table 2. Linearity ranges, Correlation Coefficients, Signal to Noise ratios of LOQs and 
LODs for all the five impurities. 

S. No Name of the Impurity 
Linearity  

Range (ppm) 
Correlation 

coefficient (R2) 

S/N ratio  
(Peak to Peak basis) 

LOQ LOD 

1 Dimethyl aniline Impurity 0.05 - 5 0.9921 19.83 7.16 

2 RCA Impurity 0.05 - 5 0.9925 13.38 4.83 

3 
Di methyl phenyl aminocarbonyl 

chloride impurity 
0.05 - 5 0.9985 15.05 5.25 

4 Chlorohydrin impurity 0.05 - 5 0.9978 17.66 9.09 

5 Dichloro Impurity 0.05 - 5 0.9985 45.66 14.82 

 
Table 3. Recoveries of all the five impurities at LOQ and 0.5 ppm. 

S. No Name of the Impurity Recovery at LOQ Recovery at 0.5 ppm 

1 Dimethyl aniline Impurity 116.1 106.4 

2 RCA Impurity 102.8 112.3 

3 
Di methylphenyl aminocarbonyl  

chloride impurity 
103.0 102.9 

4 Chlorohydrin impurity 104.6 110.9 

5 Dichloro Impurity 112.2 112.2 
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4.5. Robustness 

To evaluate the method robustness, different conditions of the method including 
the flow rate of the mobile phase and column oven temperatures were intention-
ally changed. The optimized flow rate of the mobile phase was 0.4 mL/min and 
the same was altered from 0.36 to 0.44 ml/min. The effect of column oven tem-
perature on resolution was studied at 36˚C and 44˚C (altered by 4.0˚C). The re-
sults showed that there was no impact on chromatographic performance of all 
the impurities due to the mentioned changes proving the method robustness. 

4.6. Repeatability and Solution Stability 

The developed method was evaluated for repeatability by injecting six replicate 
injections at 1 ng/ml (0.5 ppm) mixture of five impurities and observed the %RSD 
after including one bracketing standard. The acceptance criteria for %RSD is less 
than 15%. The RSD values achieved for all the five impurities are less than 7% 
which are well within the acceptance criteria which are captured in Table 4. Re-
peatability chromatogram for all the five impurities captured in Figure 9. The 
solution stability study of ranolazine and five impurities was evaluated by plac-
ing spiked and unspiked sample solutions at 25˚C for 24 h and measured against 
freshly prepared standard solutions and there were no significant changes ob-
served for any of the impurities. Therefore, we confirmed the stability of impuri-
ties in sample solution for at least 24 hours. 
 

 
Figure 9. Repeatability overlay of seven injections including bracketing standard for all 
the five potential genotoxic impurities in Ranolazine. 
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Table 4. Repeatability data for all the five impurities at 1 ng/ml (0.5 ppm) including bracketing standard. 

 
S. NO 

Dimethyl aniline 
Impurity 

RCA Impurity 
Dimethyl phenyl 
aminocarbonyl 

chloride impurity 

Chlorohydrin 
impurity 

Dichloro  
Impurity 

Initial Replicates 

1 35825 2127 2867 4426 3805 

2 35597 2110 2567 4621 3635 

3 35866 2296 2581 4472 3714 

4 36557 2179 2879 4395 4083 

5 36797 2414 3038 4415 4203 

6 36404 2191 2999 4478 3912 

Bracketing standard 7 34417 2088 3015 4534 3986 

 
Average 35923.3 2200.7 2849.4 4477.3 3905.4 

 
STD DEV 794.2 116.6 199.3 78.7 202.7 

 
%RSD 2.2 5.3 7.0 1.8 5.2 

5. Conclusion 

In summary, the work presented here is novel in terms of simultaneous deter-
mination of multiple genotoxic impurities in ranolazine active pharmaceutical 
ingredient by single method using LC-MS/MS and there is literature available 
only for single impurity determination currently. We could also establish all the 
critical parameters to prove the method performance and done method valida-
tion as per ICH recommendations. The LOD and LOQ values determined for all 
five impurities are very low showing the high sensitivity performance of the me-
thod. The method is fully validated and presents good reproducibility, linearity, 
recovery and robustness. The method presented here could be very useful for the 
determination of five impurities in ranolazine during routine manufacturing 
process which will increase the throughput and could help in establishing the 
safety of the active pharmaceutical ingredient. 
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