
 

© 2025 Journal of Carcinogenesis | Published for Carcinogenesis Press by Wolters Kluwer-Medknow 

Journal of Carcinogenesis, ISSN: 1477-3163 

2025; Vol 24: Issue 6s, https://carcinogenesis.com/ 

 

 

 

 pg.154 
 

 

Determination of Potential Genotoxic NDSRI (Nitrosamine Drug Substance Related 

Impurity) in Ticagrelor – Antiplatelet Medications: (Q) SAR Assessment, HPLC-

ESI-MS/MS Method Development and Validation 

Sandip Vadariyaa,1, Jigar Patelb*, Haresh Patela, Hitin Hirparac  

aAnalytical Research Development, Cohance Lifesciences Limited API R&D Centre, Ankleshwar, 393002, India 

1Department of Industrial Chemistry, Institute of Science & Technology for Advanced Studies and Research (affiliated to 

the CVM University), Vallabh Vidyanagar, Anand, 388120, Gujarat, India 

bResearch and Development Department, Cohance Lifesciences Limited API R&D Centre, Ankleshwar, 393002, India 

*Correspondence Author: Jigar Patel 

*Deputy Director (Technical), Sophisticated Instrumentation Centre for Applied Research and Testing – SICART, Vallabh 

Vidyanagar, Anand, 388120, India, ORCID ID: 0000-0002-8769-0299, E-mail: pramukhprit@gmail.com 

 

ABSTRACT 

Regulatory agencies, including the FDA, have identified that commonly used amine-based Active Pharmaceutical 

Ingredient (API) synthesis processes may lead to the unintentional formation of nitrosamine impurities, which are classified 

as potentially genotoxic. Although N-nitrosamines are not deliberately introduced during drug manufacturing, they can 

form as impurities or degradation products under certain processing or storage conditions. The challenge in nitrosamine 

determination arises from their extremely low acceptable daily intake (ADI) limits, lack of strong chromophores, and the 

continuously expanding list of controlled nitrosamines, necessitating highly sensitive and selective analytical methods. 

This study describes the development and validation of a highly sensitive Liquid Chromatography-Tandem Mass 

Spectrometry (LC–MS/MS) method for the trace-level quantification of N-nitroso-ticagrelor in ticagrelor API. 

Chromatographic separation was achieved on a Supelco Ascentis Express C18 column (10 cm × 4.6 mm × 2.7 μm) using 

a gradient elution with 0.1% v/v formic acid in water and methanol at a flow rate of 0.8 mL/min, with a total run time of 

30 minutes. Detection was performed using a triple quadrupole mass spectrometer with electrospray ionization (ESI) in 

positive mode and multiple reaction monitoring (MRM). 

The method was validated in accordance with ICH guidelines. The calibration curve demonstrated excellent linearity with 

a correlation coefficient (r) of 0.9922. The limits of detection (LOD) and quantification (LOQ), determined using the signal-

to-noise approach, were 0.0031 ppm and 0.0093 ppm, respectively. Method recoveries & accuracy were within 70–130%, 

and all validation parameters met the predefined acceptance criteria. This validated method enables sensitive, accurate, and 

regulatory-compliant quantification of N-nitroso-ticagrelor, supporting risk assessment and quality control of ticagrelor 

API. 
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1. INTRODUCTION 

 

Ticagrelor is known by its IUPAC name (1S,2S,3R,5S)-3-[7-[[(1R,2S)-2-(3,4-difluorophenyl)cyclopropyl]amino]-5-

(propylthio)-3H-[1,2,3]triazolo[4,5-d]pyrimidin-3-yl]-5-(2-hydroxyethoxy)cyclopentane-1,2-diol and it is a P2Y12 

platelet inhibitor used in patients with a history of myocardial infarction or who have acute coronary syndrome (ACS) to 

prevent future myocardial infarction, stroke, and cardiovascular death [1]. Ticagrelor, also known as AZD6140, was first 

described in the literature in 2003 [2-3]. Ticagrelor is an ADP derivative developed for its P2Y12 receptor antagonism [3]. 

It is marketed by AstraZeneca as Brilinta in the US [4] and as Brilique or Possia in the EU [5]. Ticagrelor received EMA 
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approval on December 3, 2010 [5], and FDA approval on July 20, 2011 [4]. It functions as a P2Y12 receptor antagonist 

[6]. The P2Y12 receptor couples with Gαi2 and other Gi proteins, which inhibit adenylyl cyclase. Gi-mediated signaling 

also activates PI3K, Akt, Rap1b, and potassium channels [7]. The downstream effects of these activities promote 

hemostasis and lead to platelet aggregation [7]. Antagonism of the P2Y12 receptor reduces the formation of occlusive 

thromboses, thereby decreasing the risk of myocardial infarction and ischemic stroke [7].  

 

N-nitrosamines are a class of chemical compounds known for their carcinogenic properties, posing significant health risks 

to humans. These compounds have attracted attention in the pharmaceutical industry due to their accidental presence in 

certain medications, raising concerns about patient safety and regulatory standards. N-nitrosamines are not intentionally 

added to drugs but can form as impurities or breakdown products during manufacturing or storage under specific conditions 

[8-10]. The appearance of N-nitrosamines in drugs gained widespread concern in the industry and among regulators after 

several high-profile recalls of contaminated medications. Nitrosamine drug-related impurities (NDSRIs) are potentially 

potent carcinogens, with even low levels of exposure raising long-term health concerns. Pharmaceutical contamination 

with N-nitrosamines can occur through various mechanisms involving the presence of vulnerable amines and nitrosating 

agents under particular conditions, such as using contaminated raw materials during drug synthesis, manufacturing 

processes, or the degradation of drugs or excipients caused by high temperature, humidity, or light exposure [9]. In 

response, agencies like the U.S. Food and Drug Administration (FDA), the European Medicines Agency (EMA), and other 

global health authorities have established strict guidelines to control N-nitrosamines in drugs. These include risk 

assessments, setting acceptable limits for impurities, testing, monitoring pharmaceutical products, and implementing 

mitigation strategies by manufacturers [10]. Analytical techniques such as LC-MS [11-13], HPLC [14-19], and 

spectrophotometry [20-22] are employed to detect genotoxic impurities, organic impurities, and degradation products in 

APIs and formulations. These methods enable rapid and accurate detection of ticagrelor, supporting clinical research, 

quality control, and the identification of the medication in biological matrices and pharmaceutical products. The present 

work involves the development and validation of an analytical method for the identification and quantification of N-nitroso-

ticagrelor in API in accordance with regulatory guidelines. Lower-level detection for NDSRI impurity analytical methods 

has various challenges facing the separation; the similar structure to the API or fragment makes it very difficult to develop 

a specific, lower detection, accurate, and stable method [27-37]. 

 

1.1 Root of synthesis (ROS) of Ticagrelor and N-nitroso-ticagrelor formation 

1.1.1 ROS: 

Stage-I: KSM to Crude GRE-I 

 

 
 

Stage-II: GRE-I to GRE-IIa 
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Stage-III: GRE-IIa to GRE-IIb 

 
Stage-IV: GRE-IIb to Ticagrelor 

 

 
Fig. 1 Root of synthesis of ticagrelor 

 

1.1.2 N-nitroso-ticagrelor formation: 

Based on ROS evaluation (Figure 1), a secondary amine is present in the structure of ticagrelor, and NaNO₂ is used in the 

process, so the amine reacts with nitrite or nitrate, which is present at a residual level, leading to N-nitroso-ticagrelor 

formation [8-10, 24]. Figure 2 shown the formation of NDSRI. 

 

 
Fig. 2 Formation of N-nitroso-ticagrelor in ticagrelor. 

 

1.2 QSAR Prediction and Limit establishment based on Acceptable intake (AI): 

QSAR studies for N-nitroso-ticagrelor aim to predict the biological activity and potential toxicity of this compound based 

on its chemical structure. The QSAR analysis of N-nitroso-ticagrelor indicates positive predictions from Derek and Sarah, 

ICH M7 class 3, and an overall positive in silico result. The AI of 1500 ng/day and CPCA score was 5, as published by 



Determination of Potential Genotoxic NDSRI (Nitrosamine Drug Substance Related Impurity) in Ticagrelor – 

Antiplatelet Medications: (Q) SAR Assessment, HPLC-ESI-MS/MS Method Development and Validation 

© 2025 Journal of Carcinogenesis | Published for Carcinogenesis Press by Wolters Kluwer-Medknow 

 

 pg. 157 
 

 

EDQM [23]. Figures 3 and 4 display the ICH M7 prediction data. Table 1 is represent the limit calculation.  

 

Table 1: Limit of N-nitroso-ticagrelor in ppm 

Impurity Name AI  CPCA 
Maximum Daily 

Dose (MDD) 
*Limit (ppm)  

$ Limit consideration 

for Method 

validation 

N-nitroso-ticagrelor 1500 5 180 mg/day NMT 8.33 0.1 ppm 

 

*Limit (ppm) = AI/MDD (AI= Acceptable intake, MDD = maximum daily dose of an API (in mg) 

 

 
Fig. 3 QSAR report of N-nitroso-ticagrelor 

 

 
Fig. 4 Classification card of N-nitroso-ticagrelor 

 

2. MATERIAL AND METHOD 

 

a. Materials, Chemicals, Instruments, and Column used 

Ticagrelor and N-nitroso-ticagrelor (potency: 94.5%) standards were used in-house (Cohance Lifesciences Limited, India, 

formally ZCL chemicals). Impurity & samples, chemicals and reagents, and instrument, details are described in Tables 2 

to 4, respectively. 
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Table 2: Impurity and sample details. 

Sr. No. Material Name 
Lot. No./ A.R. No. / 

Batch. No. 
Source % Potency / Purity 

1 N-nitroso-ticagrelor APS/I/GRE-II/946/101 (RS) ZCL Chemicals Ltd. 94.5 

2 Ticagrelor GRE3200119 ZCL Chemicals Ltd. NA 

3 Ticagrelor GRE3200219 ZCL Chemicals Ltd. NA 

4 Ticagrelor GRE3200319 ZCL Chemicals Ltd. NA 

5 Ticagrelor GRE3200419 ZCL Chemicals Ltd. NA 

 

Table 3: Chemicals and Reagents 

Sr. 

No. 
Chemical/Reagent 

Lot. No. / A.R. No. / 

   Batch. No. 
Make Grade 

1 Formic acid 173879 Fisher chemical LCMS  

2 Methanol 206054 Fisher chemical LCMS 

3 Water NA Milli Q NA 

Table 4: Instrument details 

Sr. No. Instruments Make Model 

1. LCMS Shimadzu LCMS-8040 

2. Balance Mettler Toledo XS205 

3. Ultrasonic Bath Sonicator PCI analytics 9L250H/DTC 

                                            

b. Chromatographic Method Conditions: 

2.2.1 LC operating condition: 

HPLC instruments with a PDA detector were used for method development and method validation. 1% formic acid in 

water as reservoir A and acetonitrile used as reservoir B in gradient mode with 30 minutes total run time and 0.8 mL/min 

flow rate are sufficient for the separation of ticagrelor and N-nitroso-ticagrelor. The Supelco Ascentis Express C18 

analytical column with 4.6 mm (internal diameter), 10 cm (length), and 2.7 µm (particles) was found suitable in terms of 

peak shape and sensitivity. Column oven compartment temperature to be set to 40°C. Autosampler temperature maintained 

at 25°C (ambient). The injection volume of 50 µl is considered. Water and methanol in the ratio of 20:80 (v/v) were used 

as a diluent. 

 

2.2.2 MS-MS operating condition: 

Triple quadrupole LC-MS-8040 (Shimadzu) with ESI ion source was evaluated for method development and validation. 

Positive mode Multiple Reactions Monitoring (MRM) was selected for the identification and quantification of N-nitroso-

ticagrelor. Table 5 represents the final method. APCI and ESI ion sources are introduced for the ionization, but ESI with 

positive MRM transition is found to be best for the identification and quantification of N-nitroso-ticagrelor. 

 

2.3 Impurity standard and sample preparation: 

2.3.1 0.004 ppm of N-nitroso-ticagrelor preparation: 

The first 100 ppm stock of N-nitroso-ticagrelor impurity was made in methanol, and after using this solution, a 0.004 ppm 

standard solution was prepared in a mixture of water and methanol in the ratio of 20:80 (v/v). The external standard method 

is used for the quantification of NDSRI impurity. 

 

2.3.2 Test solution preparation: 
40000 ppm Ticagrelor API sample prepared in a 5 mL volumetric flask in the same diluent mixture.   

 

2.4 Development and Method validation: 

The method trial utilized reverse-phase LC-MS/MS because of its excellent resolution, sensitivity, and consistent 

reproducibility. The study aimed to develop a quantitative LC-MS/MS technique for measuring N-nitroso-ticagrelor. 

Initially, different columns, mobile phase compositions, and gradient program durations were screened to optimize the 

setup. Based on the initial findings, the experiments proceeded using a gradient program with a flow rate of 0.8 mL/min, 

as detailed in Table 5. 

 

Table 5: Final optimized condition 

Chromatography System parameter 

M. Phase A: 0.1 % formic acid in water 

M. Phase B: Methanol 

Flow Rate: 0.8 ml/min 

Injection Volume: 50 µl 
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Auto Sampler: 25 °C  

Column Temperature: 40 °C 

Run Time: 30 minutes 

Analytical Column: Supelco Ascentis express C18 (10cm x 4.6 mm x 2.7µ) 

Gradient Program: 

 

Time (Minute) Mobile phase-A (%) Mobile phase-B (%) 

0.01 90 10 

3.0 75 25 

8.0 60 40 

15.0 40 60 

20.0 15 85 

23.0 15 85 

23.1 90 10 

30.0 90 10 
 

MS/MS System parameter: 

MRM  

Precursor  

m/z 

Product  

m/z 

Dwell time 

(msec) 
Q1 Pre Bias (V) CE Q3 Pre Bias (V) 

552.05 371.20 100.0 -20 -20 -18 

552.05 183.10 100.0 -20 -30 -19 

552.05 141.00 100.0 -20 -41 -14 
 

 

Interface (Ion source): 

 

ESI 

Nebulizing flow: 3.00 L/min.  

DL temperature: 280 °C 

Heat block temperature: 400 °C 

Drying gas flow: 15 L/min  

Interface voltage: 4.5 KV  

Waste valve programming: 

 

Time (min) Command Value 

0.01 FCV 0 (Waste) 

15 FCV 1 (MS) 

20.5 FCV 0 (Waste) 
 

 

The analytical method validation was performed following the USP nitrosamine general chapter [24-25] and ICH Q2 [26]. 

Its appropriateness was confirmed by assessing various parameters, including system suitability, specificity, precision, 

limit of detection (LOD), limit of quantification (LOQ), accuracy, and linearity. 
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Fig 5: Mass spectra of N-nitroso-ticagrelor in positive mode 

 

3. RESULTS AND DISCUSSION 

 

The current work aimed to validate a method for quantifying N-nitroso-ticagrelor in ticagrelor. The validation was 

conducted by preparing a standard solution of 0.004 ppm mg/mL of N-nitroso-ticagrelor. The N-nitroso-ticagrelor was 

quantified with a limit of 0.1 ppm with respect to the sample solution (ticagrelor). 

 

3.1 System Suitability: 

The system suitability was assessed by a % RSD of six replicate standard solutions, % RSD observed 4.38 %. 

 

3.2 Specificity (Interference from blank and impurities): 

The specificity of this method was proven by injecting the blank solution, standard solution, sample solution (unspiked), 

and spiked sample solution (at specification level). The acceptance criteria set is that the analyte peak should be well 

separated from blank peaks. There is no interference observed in the blank and sample solution. Therefore, the method is 

considered specific. The MRM chromatograms of the blank, standard, sample solution, and spiked sample solution in 

Figure 6 and in Table 10 represent the % interference. 

 

 
Fig 6: MRM overlay chromatogram of blank solution (a), standard solution (b), and Sample solution (c) and spiked 

sample solution (d). 

 

3.3 LOD and LOQ Determination and Precision at LOQ Level Solution: 

A known concentration solution was diluted from a prepared standard solution, and LOD and LOQ were determined by 

calculating the signal-to-noise ratio and found to be 107 and 123, respectively. The acceptance criteria set for S/N for LOD 

is NLT 3 and for LOQ is NLT 10. The LOQ precision observed was below 5% RSD of six replicate injections. The results 

of LOD & LOQ proved that the method is precise at the LOQ level. The MRM chromatogram of LOD & LOQ is 

represented in Figures 7 and 8. LOD and LOQ values are tabulated in Table 10. 
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Fig7: MRM chromatogram of LOD solution 

 

 
Fig 8: MRM chromatogram of LOQ solution 

3.4 Linearity and Range: 

Linearity was determined at six levels over the range of LOQ to 150% wrt sample conc. (0.009 ppm to 0.15 ppm). A 

standard stock solution of analyte peak was prepared and further diluted to attain concentration levels with respect to sample 

concentration and with respect to specification levels. Each linearity preparation was injected into a single. The area of 

each level and a graph of area versus concentration in ppm were plotted for N-nitroso-ticagrelor. The correlation coefficient, 

y-intercept, slope of the regression line, and residual sum of squares were calculated and recorded in Table 6. Figure 9 

represents the linearity plot, and Figure 10 represents the overlay. 

 

Table 6 Linearity of N-nitroso-ticagrelor 

Linearity Level (%) 

Concentration 

wrt test (ppm) 
Peak area 

(X-Axis) (Y-Axis) 

LOQ  0.0093 7560 

50%  0.0465 31450 

80%  0.0744 52875 

100% 0.0930 64151 

120% 0.1116 77857 

150% 0.1395 110865 

Slope of the regression line 767897.5670 

y-intercept -3234.8035 

Residual sum of squares 5039.1250 

Correlation Coefficient (r) 0.9922 

r2 0.9844 
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Fig 9 Liearity plot 

 

 
Fig. 10 Overlay MRM Chromatogram of LOQ to 150% Level 

 

3.6 Accuracy (Recovery): 

The accuracy of the analytical method for the analyte was established at three levels in the range of LOQ, 100%, and 150% 

with respect to the specification level of the analyte. Samples were spiked with N-nitroso-ticagrelor at LOQ, 50%, 100%, 

and 150% levels relative to the sample concentration. Analyze each spiked sample in triplicate. Calculate the percentage 

recovery and its %RSD for the spiked samples with respect to the standard solution. Three preparations of an accuracy 

sample shall be made at each concentration level as described. The acceptance criteria are set between 70.0% and 130.0% 

for all levels. The range of accuracy is 89.68% to 118.0%. The percentage recovery and %RSD values are presented in 

Table 7. The accuracy results across all concentration levels complied with the acceptance criteria, thereby demonstrating 

the reliability and accuracy of the method.  

 

Table 7 Recovery of N-nitroso-ticagrelor 

% Level Preparation 
Impurity (ppm) Recovery 

(%) 

Mean Recovery 

(%) 
% RSD 

Added Found 

LOQ 

1 

0.0100 

0.0114 114.00 

116.67 1.98 2 0.0118 118.00 

3 0.0118 118.00 

100% 

 

1 

0.1025 

0.0976 95.22 

92.46 2.82 2 0.0944 92.10 

3 0.0923 90.05 

150% 

1 

0.1550 

0.1416 91.35 

91.50 2.08 2 0.1449 93.48 

3 0.1390 89.68 
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3.7 Method Precision (Repeatability): 

The precision (method precision) was established by analyzing six samples spiked with impurities at the specification level 

with respect to sample concentration. The N-nitroso-ticagrelor impurity content was calculated in ppm for each individual 

preparation, and the mean and %RSD were determined and are presented in Table 8. The acceptance criterion for method 

precision, as per regulatory guidelines, is a recovery range of 70–130%. The %RSD obtained from six replicate preparations 

was 2.72%, confirming that the method demonstrates acceptable precision. 

 

Table 8 % RSD of Method precision 

Sample No. 
Impurity found (ppm) 

N-nitroso-ticagrelor 

Set-1 0.0976 

Set-2 0.0944 

Set-3 0.0923 

Set-4 0.0920 

Set-5 0.0973 

Set-6 0.0924 

Mean 0.0943 

%RSD 2.72 

 

3.8 Solution Stability:  
Solution stability was evaluated by injecting both the sample solution and the spiked sample solution at the specified 

concentration level. The solutions were stored in an autosampler at 25 °C and reinjected after 7, 13, and 15 hours. The peak 

areas of N-nitroso-ticagrelor were compared with the initial values, and area ratios were calculated. As the area ratios at all 

time points remained within the acceptance range of 0.85–1.15, the solutions were considered stable for up to 15 hours. 

 

Table 9 Spiked sample solution stability data 

Time (HR: MIN) Area of N-nitroso-ticagrelor   Area ratio 

Initial 75006 NA 

7:08 67636 0.90 

13:16 75853 1.01 

15:49 80968 1.08 

 

3.8 Batch Analysis:  
Four different commercial samples were analyzed using the validated method to quantify N-nitroso-ticagrelor. The 

impurity was not detected in any of the commercial API samples, remaining well within regulatory limits, thereby 

confirming that the API is safe for human use. 

 

Table 10. Method validation summary 

Parameter   Acceptance criteria Results 

System precision % content (n = 6, % RSD < 20.0) % RSD: 4.38 

Specificity  Interference from blank and impurities 

 

There is no interference between blank and 

other impurity peaks with the N-nitroso-

ticagrelor peak. 

LOD S/N value (≥3) 

LOD in ppm  

107 

0.003 ppm 

LOQ  S/N value (≥10) 

LOQ in ppm  

123 

0.009 ppm 

Precision  % content (n = 6, % RSD < 20.0) % RSD: 4.32 

Linearity and Range 

 

correlation coefficient (r) (>0.990) (r): 0.9922 

(r2): 0.9844 

Slope: 767897.5670 

Intercept: -3234.8035 

Accuracy  Between 70.0 % and 130.0 %. 

 

LOQ: 116.67 / % RSD: 1.98% 

100 %: 92.46 / % RSD: 2.82% 

150 %: 91.50 / % RSD: 2.08% 

Method Precision 

 

% content (n = 6, % RSD < 20.0) % RSD: 2.72 

Solution Stability 

 

The area ratio value at all-time intervals 

should be between 0.80 to 1.20. 

Sample & Spiked solution stable up to 15hrs 

at 25 °C. 
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6. CONCLUSION 

 

Based on ROS evaluations, it is strongly possible to generate NDSRI impurities due to the use of NaNO₂ in the 

manufacturing process of ticagrelor. Ticagrelor contains a secondary amine functional group, which under nitrosating 

conditions can react with nitrosating agents to form N-nitroso-ticagrelor, making it a potential N-nitrosamine drug 

substance-related impurity (NDSRI). This research presents a simple, rapid, and sensitive method for trace-level 

identification and quantification of N-nitroso-ticagrelor in API. The method was validated as per regulatory guidelines and 

found within the acceptance criteria. In accordance with regulatory guidelines, although the calculated identification 

threshold for the NDSRI impurity is 8.33 ppm, a more conservative specification limit of 0.1 ppm was established, based 

on a worst-case acceptable intake (AI) value of 18 ng/day. The developed method was validated according to ICH 

guidelines as cost-effective and time-efficient. All validation parameters were within the acceptability limits according to 

ICH criteria. The quantification of N-nitroso-ticagrelor impurity in the commercial API was found to comply with 

regulatory guidelines, leading to the conclusion that the API is safe for human consumption. 
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