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Nimje et al.: Method Development and Validation study of N-Nitrosodimethylamine in Ranitidine Tablets

N-nitrosodimethylamine is a carcinogenic agent accidentally found in ranitidine formulations. For the products 
to be safe for human use and quality control test, the estimation of N-nitrosodimethylamine in ranitidine is 
significantly important. The goal of this study was to use liquid chromatography with tandem mass spectrometric 
technique for the development and validation of N-nitrosodimethylamine in ranitidine drug and tablets. The 
proposed approach was utilized to estimate routine analysis of N-nitrosodimethylamine in ranitidine drug 
and tablets. The injection volume 20 µl and wavelength 254 nm was selected for N-nitrosodimethylamine and 
ranitidine quantification. Binary mobile phase in a gradient mode was used for the study. The mixture of solvent 
A (0.1 % formic acid in water) and solvent B (0.1 % formic acid in methanol) was used as the mobile phase. 
The flow rate of 0.6 ml/min in gradient mode with complete run time of 14 min was used for the analysis. For 
N-nitrosodimethylamine analysis multiple reaction monitoring transitions were 75.80/44.20 (quantitative 
analysis) and 75.80/58.20 (qualitative analysis). N-nitrosodimethylamine retention time was found at 1.25 min. 
For N-nitrosodimethylamine, the limit of detection was 0.3 ng/ml and limit of quantitation was found to be 1 ng/
ml. The linearity range for N-nitrosodimethylamine was decided as 1, 2, 5, 10, 20 and 50 ng/ml from its intensity 
response. The regression value observed in a linearity graph was 0.9999. The method was specific (no interference 
of any peak), validated for its accuracy (98.07 to 100.22±1.7565), precision (98.64 to 99.44±0.9083) and robustness 
(does not effect on developed method by slight change in flow rate and column temperature). In the validation 
investigation, the quality control levels lower quality control (4 ng/ml), middle quality control (8 ng/ml) and 
higher quality control (40 ng/ml) were used. Newly developed and validated method for N-nitrosodimethylamine 
in ranitidine by liquid chromatography with tandem mass spectrometry was accurate, precise and sensitive. The 
developed method was further used for routine analysis of N-nitrosodimethylamine in ranitidine drug and tablets.

Key words: N-nitrosodimethylamine, ranitidine, liquid chromatography-tandem mass spectrometry, validation 
study

Ranitidine (RAN) Hydrogen chloride (HCl) 
is a regularly prescribed over-the-counter 
medication for acid reflux and heartburn. By 
chance or accidently, the chemical contaminant 
N-nitrosodimethylamine (NDMA) has been found 
in pharmaceutical prescription items[1]. NDMA 
is a confirmed carcinogen contaminant[2-4]. Food 
and Drug Administration (FDA) tested valsartan, 
losartan, metformin and RAN for NDMA and other 
nitroso impurities in September 2019[5,6]. Exposure 
to NDMA is made more likely by the numerous 
components found in different formulations[7]. 
NDMA contaminant in very low concentrations 

(below 0.3 ppm) was reported to be found during 
the RAN production process[8]. United States 
FDA’s (US FDA) ongoing investigation indicates 
that a number of RAN brands may contain high 
levels of NDMA contamination as a result of high 
temperature storage or production methods[1]. 
Products containing RAN are available in the 
other markets but are withdrawn from US market 
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because of high levels of NDMA contamination[9]. 
FDA is working to make sure that the contaminants 
doesn't exceed above 0.3 ppm per day and will 
be safe for human use[10,11]. Various foods and 
water have both been shown to contain trace 
amounts of NDMA[12,13]. Therapeutic Goods 
Administration Laboratory has reported testing 
of 135 batch samples of RAN for NMDA, but no 
method for studying the creation and validation 
of NDMA in RAN has been documented[14]. 
Chemically RAN is N'-[2-[[[5-[(dimethylamino)
methyl]-2-furanyl]methyl]thio]ethyl]-N-methyl-
2-nitro-1,1-ethenediamine (C13H22N4O3S) and 
molecular weight is  314.4 g/mol[15-17]. NDMA 
C2H6N2O and molecular weight is 74.08 g/mol. 
Structure of RAN and NDMA are shown in fig. 
1. NDMA is a yellow oily liquid, volatile and 
susceptible to photolytic breakdown due to its 
absorption of ultraviolet light. NDMA is stored in 
cool, dark and well closed container at 2°-8°. Using 
head space analysis and liquid injection mode, 
Alshehri et al., reported an analytical method for 
NDMA in RAN product estimation by Headspace 
Solid-Phase Microextraction coupled with Gas 
Chromatography-Mass Spectrometry (HS-SPME-
GC-MS)[18]. In this study, it was found that as 
RAN is susceptible to high temperature, using Gas 
Chromatography (GC) for NDMA was problematic. 
As a method of extraction and introduction into 
the GC, Solid-Phase Microextraction (SPME) was 
evaluated in this work to determine its usefulness. 
Though HS-SPME-GC-MS is reported specifically 
for estimation of NDMA in RAN formulations, the 
availability of this highly sophisticated hyphenated 
technique limits the utility in routine analysis. The 
present work proposes Liquid Chromatography-
tandem Mass Spectrometry (LC-MS/MS) method 
as an alternative to the reported method for 
estimation of NDMA in RAN tablets. Yokoo et 

al., reported forced degradation investigation 
for RAN and its related impurities using High 
Performance Liquid Chromatography (HPLC)[19]. 
This study investigated the root cause of presence 
of NDMA in RAN by forced degradation study and 
found that not only RAN produced NDMA, but the 
impurities present in RAN also lead to presence of 
NDMA[19]. In the present study the quantification 
and validation of NDMA as an impurity has been 
performed using LC-MS/MS method.  A study 
published by US FDA reports quantification of 
NDMA using multiple reaction monitoring on a 
triple quadrupole mass spectrometer[20], however, 
no validation of analytical method for estimation 
of NDMA in RAN is reported. Angrish et al., 
reported the testing of NDMA in RAN[21]. In 
this study, LC-MS/MS parameters for method 
development and validation were reported as per 
US FDA procedure. Yamamoto et al., reported 
separation of NDMA from drug substances using 
Solid-Phase Extraction (SPE)-LC-MS/MS[22]. 
It includes sample pretreatment for NDMA 
removal in drug substances and drug products 
using SPE prior to Liquid Chromatography-Mass 
Spectrometry (LC-MS) analysis. Various drugs 
studies for separation of NDMA as impurity 
from RAN, metformin, nizatidine, valsartan and 
telmisartan was reported. The main objective of 
the present work was to develop simple, precise, 
accurate, fast and robust LC-MS/MS method for 
estimation of NDMA in RAN formulations. The 
proposed method was successfully validated as 
per International Council for Harmonisation (ICH) 
guidelines. Hence, the method can be applied for 
routine analysis in its quality control for RAN. 
This systematic study on identification of NDMA 
as an impurity in RAN will help to estimate the 
intrinsic stability of RAN drug and its formulation.

Fig. 1: Structure of (A): NDMA and (B): RAN
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flask. From these working stock solutions, 10 ng/
ml solution was prepared for analysis.  

Preparation of RAN standard solution and NDMA 
mixture:

The mixture of RAN standard solution and NDMA 
(100 µg/ml for RAN and 10 ng/ml for NDMA) was 
prepared using HPLC grade water as a diluent. 
The mixture was passed through a membrane filter 
(0.45 µm) after being sonicated for 10 min. 

Chromatographic and mass spectrometric 
conditions:

For the present work, the LC was performed on 
Thermo Hypersil Gold C18 column having column 
temperature 40°. The combination of 0.1 % formic 
acid in water (solvent A) and 0.1 % formic acid 
in methanol (solvent B) was selected as mobile 
phase in gradient mode of separation pattern 
(Table 1), with the flow rate 0.6 ml/min and total 
run time for mobile phase was 14 min throughout 
the analysis. For filtration of mobile phase, 0.45 
µm disposable membrane filter was used. Mobile 
phase was degassed by ultrasound sonicator for 
10 min before use in the analysis. The volume of 
injection was 20 μl and the detection was carried 
out by photodiode array detector. The atmospheric 
pressure chemical ionisation probe was employed 
in the positive mode of the multiple reaction 
monitoring scan under the mass spectrometric 
settings. The collision gas (6 psi), curtain gas (20 
psi), ion source gas 1 (40 psi) and nebulizer current 
4 mA was used. To conduct this study, a turbo 
ion spray interface running in positive ionization 
mode was used. Collision Energy 25 eV, collision 
cell exit potential 15 V, declustering potential 60 
V and entrance potential 10 V were used. The 
pressure of the drying nitrogen gas was 35 psi and 
temperature of 400° was used. MS parameters for 
quantitative analysis used are m/z 75.80/44.20 and 
qualitative analysis m/z 75.80/58.20 based on the 
mass spectra of NDMA (fig. 2).

MATERIALS AND METHODS

Materials:

The chemicals used for present work included 
formic acid (Merck life science private limited, 
India), water (Fisher scientific, India) of HPLC 
grade. The methanol LC-MS grade (J. T. Baker, 
Mumbai, India) was used throughout analysis. 
RAN active pharmaceutical ingredient and NDMA 
were procured from Clearsynth Lab, Mumbai, 
India. Tablet formulations A (Rantac 150, JB 
Chemicals and Pharmaceuticals Ltd., Mumbai, 
India) and B (Aciloc 150, Cadila Pharmaceuticals 
Ltd., Ahmadabad, India) were purchased from 
local market. The labeled claim of the RAN for 
each tablet was 150 mg.

Instrumentation:

Shimadzu Liquid Chromatography (LC) 20AD 
LC system and the 4000 QTrap mass spectrometer 
SCiex (MDS SCIEX) were utilised in the LC-
MS/MS procedure. All data collection and result 
processing were performed by the analyst 1.4.2 
software. The LC system is made up of the various 
components such as auto sampler SIL-HTC, 
degasser DGU20A3, column oven CTO-10AS VP, 
binary pump LC20AD and reservoir tray. Thermo 
Hypersil Gold C18 column with 3 µm particle size 
and 4.6×100 mm dimensions size was used for 
separation. 

Preparation of standard stock solutions:

A standard stock solution of RAN (1 mg/ml) was 
prepared by dissolving 10 mg of drug RAN in 5 
ml HPLC grade water. It was then transferred into 
15 ml glass centrifuge tube, mixed and volume 
made up to 10 ml with HPLC grade water. A vortex 
mixer was used to obtain a clear solution. A stock 
solution of NDMA (1 mg/ml) was prepared by 
dissolving accurately weighed 1 mg NDMA in 1 
ml HPLC grade water (diluent) in a volumetric 

Time (min) Pump A with solvent A (%) Pump B with solvent B value (%)

0.01 95 5

3 80 20

9 0 100

14 95 5

TABLE 1: LC GRADIENT PROGRAM FOR MOBILE PHASE 
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control. These were then spiked to the RAN and 
then injected in LC-MS/MS. With the use of the 
Analyst 1.4.2 application software, the calibration 
curve was plotted between the areas of peak vs. 
different concentrations. To resolve the target 
chemicals into a single peak, the signal to noise 
ratio of injections at progressively decreasing 
concentrations was taken into account while 
calculating LOD. The lowest amount of analyte 
in a sample that can be quantitatively quantified 
with enough precision and accuracy is LOQ of a 
specific analytical method. In order to calculate 
precision in terms of reproducibility, the Relative 
Standard Deviation (RSD) was measured after 
injecting NDMA into LC-MS/MS from various 
vials six times. Analyzing several injections from 
a single vial helped to study the test for method 
reproducibility. The experiment had six replicates 
of LQC and HQC for intraday precision and 5 
consecutive days over the period of a week for 
interday precision. The results were expressed 
in terms of relative Standard Deviation (SD). In 
conditions of change in mobile phase flow rate, 
ruggedness was found to be within the range of 
RSD. Solution stability was determined using the 
comparison between fresh solution and bench top 
solution (after 48 h) and auto sample solution (after 
48 h). As per the ICH guidelines, a recovery study 
for NDMA was performed by adding different 
concentrations of 10 ng/ml, 20 ng/ml and 30 ng/ml 
in the known standard solutions. Different levels 
50 %, 100 % and 150 % were used for recovery 
study.  

Preparation of RAN tablet solution:

For sample solution of RAN, 20 tablets having 
150 mg label claim (Rantac 150) were weighed 
accurately. Average weight was calculated and 
the tablets were crushed to finely ground powder 
using mortar and pestle. The sample solution of 
RAN (100 µg/ml) was prepared by dissolving 
equivalent to 1 mg of RAN tablet powder in 5 ml 
HPLC grade water.  It was then transferred into 
15 ml glass centrifuge tube, mixed and volume 
made up to 10 ml with HPLC grade water. The 
sample was shaken with mechanical wrist action 
shaker for 40 min. The sample was centrifuged for 
15 min at 4500 revolutions per minute (rpm) after 
extraction. The supernatant was filtered using a 
0.22 µm polyvinyl difluoride syringe filter. The 
first 1 ml was discarded. For LC-MS analysis, 
the filtered sample solution was transferred to an 
HPLC vial. 

Validation of proposed method:

Lower Quality Control (LQC), Middle Quality 
Control (MQC) and Higher Quality Control 
(HQC) of standard NDMA were prepared for the 
study of linearity, Limit of Detection (LOD), Limit 
of Quantitation (LOQ), ruggedness, precision 
in terms of repeatability, reproducibility and 
accuracy study using different concentrations. The 
concentrations selected were in the range of 1, 2, 
5, 10, 20, and 50 ng/ml. LQC set as 4 ng/ml as an 
internal quality control, MQC 8 ng/ml and HQC 
40 ng/ml for injecting in LC-MS/MS for quality 

Fig. 2: Mass spectra of NDMA
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RESULTS AND DISCUSSION

The main aim of the proposed LC-MS/MS method 
is to separate the related impurity from the RAN 
in the purchased marketed formulation of parent 
substance by Reversed-Phase High Performance 
Liquid Chromatography (RP-HPLC) and quantify 
NDMA by triple quadruple mass spectrometer. 
RAN is freely soluble in water and hence chosen 
for the separation. The mobile phase solvent A (0.1 
% formic acid in water) and solvent B (0.1 % for 
formic acid in methanol) were selected based on 
trial and error. The stationary phase C18 column 
(Thermo Hypersil Gold) with dimension 4.6×100 
mm, having particle size 3 µm and injection 
volume 20 µl was selected for NDMA and RAN 
quantification. Initially, the temperature of column 
was 25°, but for change of pressure column 
temperature was increased 40° for reduction of 
Retention time (tR) for both NDMA and RAN. 
Various isocratic and gradient modes of separation 
were tried. Finally gradient mode of separation was 
chosen in which different proportions of solvent A 
and solvent B with respect to time was selected as 
shown in Table 1. The flow rate for mobile phase 

was 0.6 ml/min which was maintained throughout 
the analysis for 14 min. The standard solutions of 
RAN and NDMA showed the maximum absorbance 
at 254 nm, when they were scanned over 200 to 400 
nm. Combined RP-HPLC chromatogram for RAN 
and NDMA was estimated for the separation study. 
For LC-MS/MS, the MS parameter 75.80/44.20 
was chosen for quantitative analysis of NDMA and 
75.80/58.20 was chosen for qualitative analysis of 
NDMA. After injection of NDMA solution, LC-
MS/MS gives a chromatogram with single peak at 
tR at 1.25 min shown in the (fig. 3).
The commercial RAN tablet formulations (Rantac 
150 and Aciloc 150) were analyzed and RAN 
concentrations were estimated from peak area 
and height with respect to the NDMA. The tailing 
factors of NDMA and RAN were observed as 
1.235 and 1.165 respectively by RP-HPLC. The 
resolution was found to be 38.29, a theoretical 
plate of above 10 000 (60450 for Rantac 150 tablet 
and 60212 for Aciloc 150 tablet) was obtained. The 
related impurity NDMA (10 µg/ml) was separated 
from RAN (100 µg/ml) shown in fig. 4 and data 
of the system suitability test are shown in Table 2.

Fig. 3: LC-MS/MS chromatogram (A): Blank and (B): NDMA spike in RAN standard

Fig. 4: RP-HPLC chromatogram of NDMA and RAN tablet
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Parameters NDMA RAN tablet (Rantac 150) RAN tablet (Aciloc 150)

tR (min) 2.905 10.544 10.496

Area of peak 1 006 523 2 206 898 2 216 532

Height of peak 124 183 374 653 374 254

Theoretical plates 2610.35 60450.62 60212.12

Tailing factor 1.235 1.165 1.16

Resolution - 38.29 38.28

TABLE 2: RESULTS FOR SYSTEM SUITABILITY PARAMETERS FOR NDMA AND RAN TABLETS

assay of RAN along with other degradation products. 
Very few analytical methods like HS-SPME-
GC-MS are reported for quantitation of NDMA 
in RAN. The availability of HS-SPME-GC-MS, 
highly sophisticated hyphenated technique limits 
the utility in routine analysis. Recently NDMA has 
been reported to be a common impurity found in 
food, water and many drug formulations during 
storage or process of manufacturing. Hence, it was 
thought worthwhile to develop and validate LC-
MS/MS assay method for NDMA. This method can 
be applied to different brands of RAN formulations 
and used for estimation of NDMA as an impurity 
in RAN tablets. The tR for NDMA and RAN was 
found to be 2.905±0.01 min and 10.544±0.01 min 
respectively. The chromatogram shows that there 
is no interference by the excipients likely to be 
present in formulation in analysis of NDMA. This 
indicates that method is simple, specific and less 
time consuming. The gradient mode of separation 
was selected using solvent A and solvent B 
as shown in chromatographic conditions. The 
linearity was established for NDMA with range of 
1-50 ng/ml and validated as per ICH guidelines. 
The percent recovery was found to be in range 
of 98.07 to 100.22 % indicating that the method 
is accurate and can selectively determine NDMA 
in presence of the RAN formulations. As per 
literature study, the limit allowed per day in RAN 
tablets for the NDMA as an impurity is below 300 
ng/ml intended for human use. LOD (0.3 ng/ml) 
and LOQ (1 ng/ml) is well below the reported limit 
which shows high sensitivity for the detection and 
quantification of NDMA in RAN. The SD for intra-
day and inter-day precision was found in the range 
of (±0.5463 to ±1.2144) and (±0.9083 to ±1.7865) 
respectively, indicating the repeatability and 
reproducibility of the method for quantification 
of NDMA. The data obtained in ruggedness and 
solution stability studies expressed the lack 

The linearity of NDMA was investigated using 
a calibration curve and a correlation coefficient 
analysis of the drug concentration and response 
area over the calibration range. The linearity ranged 
from 1-50 ng/ml, with a regression coefficient 
value of 0.9999 as shown in fig. 5.  
The accuracy and precision of the present method 
selected for the given concentration range were 
studied for different concentrations ranging from 
1-50 ng/ml with quality control levels of LQC, MQC 
and HQC. The repeatability and reproducibility 
of NDMA was performed for 4, 8 and 40 ng/ml 
with six repetitions. It showed acceptable results 
for precision (RSD) of the given method as shown 
in Table 3. The results of an accuracy study for 
NDMA concentrations of 10, 20 and 30 ng/ml at 
50 %, 100 % and 150 % levels were added in the 
known RAN standard solutions (Table 4).
The effect of minute but deliberate modifications 
in optimum chromatographic conditions developed 
for NDMA was investigated using a robustness 
study. The change in flow rate (±10 %) and change 
in column temperature (±5°) was tested with mean 
of six samples replicates of LQC, MQC and HQC 
levels. Under this condition, all system suitability 
characteristics and changes in conditions were 
compared with the test samples. For the solution 
stability study, fresh solution, bench top solution 
(after 48 h) and auto sample solution (after 48 h) 
were used. The results of robustness and solution 
stability study are depicted in Table 5. The LOD 
and LOQ for NDMA with an S/N ratio of 38.2 
were determined as 0.3 and 1 ng/ml, respectively 
as shown in fig. 6. The values for the detection 
and quantification limits show that the method has 
good sensitivity.
In the present work, LC-MS/MS method for 
estimation of NDMA as an impurity in RAN tablets 
is developed and validated as per ICH guidelines. 
In most of reported methods, the main objective is 
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forms, impurity of NDMA is unknown and it isn’t 
exceeded 0.10 % identification threshold. Hence, 
it was believed that this technique has the high 
potential for analyzing the estimation of NDMA in 
RAN pharmaceutical dosage form.

of influence of operational and environmental 
variables on the test results obtained by proposed 
method. After the study in tablets, NDMA was not 
detected from RAN formulation in normal storage 
conditions as prescribed in pharmacopoeia. For 
the analysis of parent substance and tablet dosage 

Fig. 5: Linearity of NDMA in RAN (1-50 ng/ml)

QC level Amount added 
(ng/ml)*

Interday 
concentration 
found (ng/ml)*

Amount found 
(% ±SD) % RSD

Intraday 
concentration 

found (ng/
ml)*

Amount found 
(% ±SD) % RSD 

LQC 4 3.94 98.50±1.21 1.23 3.97 99.33±1.78 1.79

MQC 8 7.93 99.18±0.92 0.92 7.89 98.64±1.03 1.05

HQC 40 39.61 99.03±0.54 0.55 39.77 99.44±0.90 0.91

Note: *replicates six sample analysis determinations

TABLE 3: DATA RESULTS FOR ASSESSMENT OF PRECISION FOR NDMA

RAN amount taken 
(µg/ml)

NDMA amount added* 
(ng/ml) 

NDMA amount 
recovered* (ng/ml) % recovery±SD % RSD 

20 10 9.80 98.07±1.75 1.79

20 20 19.96 99.80±1.59 1.59

20 30 29.81 99.38±1.72 1.73

Note: *replicates six sample analysis determinations

TABLE 4: RECOVERY STUDY FOR NDMA

Parameters Conditions* LQC (4 ng/ml) MQC (8 ng/ml) HQC (40 ng/ml)

Change in flow rate 0.5 ml/min 98.53±0.8419 100.41±1.4278 99.56±0.8143

0.6 ml/min 99.15±0.7433 100.05±1.3594 99.70±0.4856

0.7 ml/min 98.74±0.8818 99.88±1.5761 99.97±0.8320

Change in column 
temperature 35° 98.84±2.0958 99.13±1.6362 100.31±0.5988

TABLE 5: RESULTS FOR ROBUSTNESS AND SOLUTION STABILITY STUDY FOR NDMA
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