
Natural Resources for    
Human Health 
eISSN: 2583-1194 

1467 

 Natural Resources for Human Health (NRFHH) 

https://nrfhh.com 

Original Research 

Received 12 May 2026 

Revised 20 June 2026 

Accepted 12 July 2026 

 
Natural Resources for Human 

Health 2026, Vol. 6 (8s): 1467–1475 

 

KEYWORDS: 

Dapagliflozin propanediol 

monohydrate, N-Methyl-N-

Nitrosopyridin-4-amine (DMAP-

nitroso), Validation, LCMS/MS. 

DMAP-NITROSO Impurity Method 

Development and Validation in Dapagliflozin 

Propanediol Monohydrate Drug Substance 

Sri Siva Kumar Gubbala1, K. Gowri Shankar Rao2, Tummuri 

Sudheer Reddy3, Paul Douglas Sanasi4 

1,2,3,4Andhra University, Department of Engineering Chemistry, AU College of 

Engineering, Visakhapatnam-530003, India. 

 

ABSTRACT: N-Nitrosamine, the probable carcinogen has been reported with an type-

II diabatic drug. dapagliflozin propanediol monohydrate, N-Methyl-N-Nitrosopyridin-4-

amine (DMAP-nitroso) impurities play a vital role in the pharmaceutical in the separation, 

purification and cleaning process for manufacturing of dapagliflozin propanediol 

monohydrate drug Substance. According to the FDA and EMA guideline (EMA Q&A 

document EMA/40981/2020), the drug manufacturing process are potential root cause 

of N- Nitrosamine impurity. Hence, monitoring of N-Nitrosamine for manufacturing of 

dapagliflozin propanediol monohydrate drug substance. A sensitive LCMS/MS an 

essential analytical tool for low level N-Nitrosamine quantification in dapagliflozin 

propanediol monohydrate drug substance, method development by multiple reaction 

monitoring mode (MRM). A novel method was developed to optimize the critical 

parameters of LCMS/MS according to the dapagliflozin propanediol monohydrate 

samples. The method validation was performed through the following parameters, 

specificity, sensitivity, linearity, accuracy, precision and stability. The quantification of N-

Methyl-N-Nitrosopyridin-4-amine (DMAP-nitroso) in dapagliflozin propanediol 

monohydrate drug substance ranged from 0.18 ppm to 2.12 ppm with respect to the 

sample concentration of 1 mg/mL with good sensitivity in LOQ level.  Hence, it will be 

useful to quantify the trace level DMAP-nitroso in dapagliflozin propanediol 

monohydrate drug substance.    

 

1. INTRODUCTION 

N-Methyl-N-Nitrosopyridin-4-amine (DMAP-nitroso) are organic chemical compounds that may be present in low level in a 

variety of products that people are exposed to every day in air, water, consumed products such as processed meat, alcoholic 

beverages, cosmetics and cigarette smoke all contain N-Nitrosamines. N-Nitrosamines (NAs) have been classified as ‘probable 

human carcinogens’ by international Agencies. Research on Cancer were listed as a respective “cohort of concern” of mutagenic 

carcinogens (in addition to aflatoxin like compounds and alkyl azoxy compounds) in the international council for harmonization 

of technical requirements for pharmaceuticals for human use (ICH) guidance for industry M7(R1). In 2018, the nitrosamine N-

Nitroso diethyl amine (NDEA) and N-Nitroso dimethyl amine (NDMA) were detected in several active pharmaceutical 

ingredients (APIs) used in the treatment of hypertension, diabetic and related medicines. After thorough investigations, 

regulatory agencies have outlined that the formation of nitrosamines is possible in the presence of secondary, tertiary, quaternary 

amines and nitrite salts under acidic reaction conditions. The starting materials, intermediates, reagents, solvents, catalysts, active 

pharmaceutical ingredient (API), or API degradants may participate in reactions and form nitrosamines in certain processing 

conditions. Contaminated reaction materials in the manufacturing process such as recycled solvents are potential root cause of 

nitrosamines in drug substances. Excipients and packing materials may contain nitrosamine precursors to generate nitrosamines 

in drug products. Regulatory agencies have guided manufacturers to follow risk assessment, acceptable intake (AI) limits and 

multiple analytical test procedures to control nitrosamines. As a non-profit, public standards setting organization, the USP has 

been making continuous efforts to protect public health and strengthen, the global medicine supply chain. In response to the 
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nitrosamine crisis, USP has been providing support to manufacturers and regulators with tools and solution for testing, assessing 

risk and identifying potential sources related to nitrosamines. Specifically, USP has released several nitrosamine reference 

standards and published anew United states Pharmacopeia National Formulary (USPNF), General chapter <1469> nitrosamine 

impurities to support the industry in analysing monitoring nitrosamines in the drug supply chain. T current study is aimed at 

providing solution for determining multiple nitrosamines at trace levels in the NDSRIs in Dapagliflozin propanediol 

monohydrate. 

Controlling nitrosamines in drug substance will help in eliminating or reducing the process of nitrosamines in drug product and 

in turn improves the quality of the dug product, Chemical name and structure of Dapagliflozin propanediol monohydrate in 

Figure-1.  

 

Figure 1: (1S)-1,5-Anhydro-1-C-[4-chlore-3-[(4-ethoxypheny1) methy1] pheny1]-D-glucitol(S)-propane-1,2-diol (1:1) 

monohydrate 

Current year, impurities especially Nitrosamine analysis and control strategies development in final products become an 

epicentre in the pharmaceuticals and regulatory authorities. Active pharmaceutical ingredients. The risk of carryover into the 

drug substance should be assessed for identified impurities that are present in starting materials / intermediates and impurities 

that are reasonably expected by products in the route of synthesis from the starting material to the drug substance. 

4-Dimethylaminopyridine is a key reagent used in the preparation of dapagliflozin propanediol monohydrate. It can form N-

methyl-N-nitrosopyridin-4-amine (DMAP-nitroso), a structurally related N-nitrosamine impurity. The chemical name and 

structure of this impurity are shown in Figure 2. The acceptable limit of 1.8 μg/g was calculated using the threshold of 

toxicological concern (TTC) approach, based on a maximum daily dose of 80 mg and lifetime treatment duration, in accordance 

with ICH M713 and EMEA guidelines. 

 

The goal of this research study is to develop a sensitive, selective, accurate, reproducible and simple method to analyse these 

N-Nitrosamine impurities in Dapagliflozin propanediol monohydrate drug substance. For the sensitivity of impurity level, we 

have chosen LCMS/MS technique. To the best of our knowledge, N-methyl-N-nitrosopyridin-4-amine (DMAP-nitroso) 
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determination of by LCMS/MS in Dapagliflozin propanediol monohydrate drug substance has not been reported in literature 

till date. This paper describes the development, optimization of LCMS/MS method for the determination of subjected 

impurities and method validated accordance with ICH guidelines. 

Table-1: Mass spectrometer conditions (MRM1 transitions, CE and Dwell time). 

Name of the Nitrosamine 
Quantifier (MRM1 and Collision 

energies) 

Dwell time 

(msec) 

N-methyl-N-nitrosopyridin-4-amine (DMAP-nitroso) 138.00 > 108.15 (CE= -14.0) 100 

 

MATERIAL AND METHODS 

Chemicals and Reagents 

N-methyl-N-nitrosopyridin-4-amine (DMAP-nitroso) was prepared Raghava Life Science Pvt. Ltd., Hyderabad, India. 

Dapagliflozin propanediol monohydrate commercial batches from Raghava Life Sciences Pvt. Ltd., Unit-I, Kamareddy, 

Telangana, India. 

Instrument and Analytical Parameters 

Analysis was carried out on a Shimadzu triple quadruple LCMS/MS system, LCMS/MS-8045 with Nexera X2 HPLC system 

having LCMS solution. Separations were carried out on a Zorbax SB-Phenyl, (250 × 4.6) mm, 5 µm, column from waters 

corporation. Flow rate: 0.8 mL/min, Injection volume: 5µL, Column oven temperature: 40 ºC, Sample cooler temperature: 15 

ºC, Mobile phase-A was prepared 0.1% formic acid in water and Mobile phase-B is methanol, Diluent: Methanol. 

Elution mode is gradient, run time is 20 min. 

Table-2: Gradient elution 

Time (min) % Mobile Phase-A % Mobile Phase-B 

0.01 75 25 

3.0 75 25 

10.0 5 95 

14.0 5 95 

15.0 75 25 

20.0 75 25 

 

Blank solution: 

Inject diluent as a blank. 

Preparation of Impurity Stock Solution-I: 

Weigh accurately about 25.0 mg of DMAP-Nitroso into 25 mL volumetric flask and add about 

10 mL of diluent sonicate to dissolve and dilute to volume with diluent and mix well. 

Preparation of Impurity Stock Solution-II: 

Dilute 0.2 mL of above Impurity Stock Solution-I into 25 mL Volumetric flask and dilute to volume with diluent and mix well. 
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Preparation of Impurity Stock Solution-Ill: 

Dilute 0.14 mL of above Impurity Stock Solution-II into 25 mL Volumetric flask and dilute to volume with diluent and mix 

well. 

Standard solution: 

Dilute 1.0 mL of above Impurity Stock Solution-Ill into 25 mL Volumetric flask and dilute to volume with diluent and mix well. 

Sensitivity solution: 

Dilute 2.5 mL of above standard solution into 25 mL Volumetric flask and dilute to volume with diluent and mix well. 

Sample solution: 

Weigh about 25 mg of Dapagliflozin propanediol monohydrate sample into a 25mL volumetric flask add 10 mL diluent sonicate 

to dissolve and make up to volume with diluent. 

RESULTS AND DISCUSSION 

Method validation 

The developed and optimized method was then validated for the following parameters. 

• Specificity 

• Limit of Detection (LOD) and Limit of Quantitation (LOQ) 

• Linearity 

• Accuracy 

• Precision (System Precision and Method Precision) 

• Stability of Sample Solution 

The results of each of the above validation experiments indicated the conformity to the stipulated acceptance criteria and these 

experimental results have been discussed in this research article. 

Specificity:  

The Specificity parameter was performed by preparing and injecting Blank (diluent) once, Sensitivity Solution in single, Standard 

solution six replicates, individual impurity solution in single and Test preparation (un spike) in single into LC-MS/MS system 

as per the test method. Prepared Test solution spiked with impurity at specification level and injected into the LC-MS/MS 

system. 

Evaluated the effective separation between the blank and impurity from the principal peak (Dapagliflozin). 

LCMS/MS total ion chromatogram. Typical LCMS/MS total ion chromatograms of specificity experiments are shown in in 

Figure-3 and Figure-4  

 

    Figure 3     Figure 4 
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LOD and LOQ  

The sensitivity for detection can be demonstrated by determining the limit of detection (LOD) and limit of quantitation (LOQ). 

LOD/LOQ values of desired analytes were determined from based on response of analytes. The predicted concentrations of 

LOD and LOQ for these contents were verified for precision by preparing the solutions containing impurities at about 

predicted concentrations. Each of these solutions six times injected into the LCMS/MS system.  

Table-3: LOQ Precession statistical data 

 

 

Figure 5 

Linearity 

The linearity was to be determined by injecting the standard solution in duplicate ranging from LOQ to 120% level of the 

standard concentration. Prepare the required solutions as per seirs of dilutions. 

Plotted the graph of average area response of the duplicate injections for the concentration verses concentration on Y and X 

axis respectively and evaluated the correlation coefficient, Y Intercept, Slope of the regression line and Residual sum of square. 

. The linearity, LOD and LOQ experiments data is shown in Table 4 & Figure-6. 
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Table 4: Linearity, LOD & LOQ experiments data 

N-methyl-N-nitrosopyridin-4-amine 

(DMAP-nitroso) (µg/mL) 
Area Statistical analysis 

0.18 11697 Slope 69755.55 

0.44 26938 Intercept -716.21 

0.88 67435 Residual sum of squares 5364 

1.41 96860 Correlation Coefficient 0.99523 

1.76 114648 Limit of Detection (ppm) 0.06 

2.12 151620 Limit of Quantification (ppm) 0.18 

 

 

Figure-6: Linearity graph for DMAP-Nitroso 

Accuracy 

The recovery parameter was performed by preparing the triplicate preparation from the sample as per test method and spiking 

each of the test preparation at LOQ, 50%, 100% and 120% of the targeted concentration (Specification) for impurity. Prepared 

and injected the Blank in single, system suitability solution and each recovery level solution in single. Separately prepared and 

injected the control test preparation (without spiking) in single. Calculated the % of Impurity and subtracted the amount 

achieved from the recovery data and reported % impurity recovered. Calculated the amount recovered and % recovery for each 

test preparation for each of the level and calculated the % RSD for the triplicates of each level and for all recovery and calculated 

each level. The results are mentioned below recovery results are shown in Table-5. 

Table-5: Accuracy data of N-methyl-N-nitrosopyridin-4-amine (DMAP-nitroso) 

% Level / Sample ID Amount Added (µg/g) Amount Found (µg/g) % Recovery 

LOQ Level Sample - 1 0.18 0.18 100 

LOQ Level Sample - 2 0.18 0.17 94.44 

LOQ Level Sample - 3 0.18 0.2 111.11 

Statistical Analysis  

Mean 101.8 %RSD 8.3 
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50% Level Sample - 1 0.92 0.85 92.39 

50% Level Sample - 2 0.92 0.82 89.13 

50% Level Sample - 3 0.92 0.84 91.3 

Statistical Analysis  

Mean 90.9 %RSD 1.8 

100% Level Sample - 1 1.83 1.77 96.72 

100% Level Sample - 2 1.83 1.6 87.43 

100% Level Sample - 3 1.83 1.56 85.25 

Statistical Analysis  

Mean 89.8 %RSD 6.8 

120% Level Sample - 1 2.2 2.07 94.09 

120% Level Sample - 2 2.2 2.14 97.27 

120% Level Sample - 3 2.2 2.08 94.55 

Statistical Analysis  

Mean 95.3 %RSD 1.8 

 

Precision: 

Prepared and injected the Blank (diluent) once, Sensitivity Solution in single, Standard solution six replicates, six different Spike 

Sample preparation from the single homogeneous sample as per the test method and injected each of the preparation into the 

LC-MS/MS system as per test method. Calculate the % RSD of impurity as per the test method. 

The results are mentioned below Table-6a&Table-6b. 

 

Solution stability 

For the determination of stability of the standard and sample solutions, Dapagliflozin propanediol monohydrate drug substance 

spiked N-methyl-N-nitrosopyridin-4-amine (DMAP-nitroso) at specification level was prepared as per methodology and 

analysed initially and at different time intervals by keeping the solutions at room temperature (~ 25°C) conditions. to determine 

stability acceptance criteria, the following difference has been considered, “Percentage difference between the area obtained at 

initial and different time interval should be no more than 30.0” for N-methyl-N-nitrosopyridin-4-amine (DMAP-nitroso). 
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Therefore, the stability of sample solution at room temperature (~ 25°C) can be considered stable for 22 hours. The 

experimental data is tabulated in Table 9.  

Table 7: Solution stability experiments data. 

 

CONCLUSION:  

The LCMS/MS method was developed, optimized and validated for the determination of with N-methyl-N-nitrosopyridin-4-

amine (DMAP-nitroso) contents at trace level in Dapagliflozin propanediol monohydrate drug substance and the results of 

various validation parameters proved that the method is specific, sensitive, precise and accurate and the method can be 

introduced into routine testing.   
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