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Abstract
Impurities in prescription medicines are of great concern to patients and consumers
who rely on safe and effective pharmaceutical compounds approved by the FDA.
Ranitidine and nizatidine are both histamine-2 (H2) receptor blockers, that decrease
the amount of acid in the stomach, and are used to treat gastritis (inflammation
of the stomach lining) and peptic ulcers. For ranitidine, it was found that its drug
substance and drug products contained a carcinogenic nitrosamine impurity called
N-nitrosodimethylamine (NDMA). As a result, many such drug products were
recalled. In addition, nizatidine, being structurally similar to ranitidine, is also prone
to the presence of NDMA. Therefore, there is a requirement for analytical methods
capable of detecting problematic nitrosamine impurities in such drugs. This
application note describes a sensitive, LC/MS/MS method using the Agilent 6470
triple quadrupole LC/MS for the detection and quantification of NDMA in ranitidine
drug substance and drug products.

Introduction
The drug manufacturing impurity
NDMA (Figure 1) falls under the class
of nitrosamine compounds, and can be
introduced into finished medicines as
trace-level manufacturing by-products.
Nitrosamine compounds are classified
as probable human carcinogens, and
have become a focus for regulatory
agencies due to their potential danger.
The US FDA recently found NDMA in
certain batches of ranitidine products,
resulting in widespread recall of these
drugs. It was concluded that there was
a high potential for ranitidine and its
derivatives to contain NDMA. Therefore,
there has been a focus on monitoring by
regulatory agencies worldwide such as
the US FDA, China FDA, and EMA.
Triple quadrupole LC/MS-based
methods are very specific and highly
sensitive, serving as the base technique
for methods developed to detect
and quantify NDMA in ranitidine drug
substances and drug products. The
method described in this application
note was carried out on the 6470
triple quadrupole LC/MS, providing a
comprehensive analysis of NDMA at very
low detection limits.
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Figure 1. Chemical structure of
N-nitrosodimethylamine (NDMA).

2

Experimental

Sample preparation
Drug substance: A 120 mg amount of
drug substance was accurately weighed
into a 15 mL centrifuge tube and
diluted into 4 mL of water. The solution
was mixed using a vortex mixer until
completely dissolved.

Chemicals and reagents
The NDMA standard used in this study
was locally sourced from PS3 Labs LLP
(Hyderabad, TS, India). LC/MS-grade
solvents (e.g., methanol, water) were
purchased from Honeywell (Charlotte,
NC, USA). Analytical-grade formic acid
was purchased from Fluka (now of
Honeywell).

Drug product: An appropriate number
of tablet(s) was crushed to obtain a
target concentration of 30 mg/mL
of API in water. The powdered drug
product was transferred to a 15 mL
centrifuge tube, and an appropriate
volume of water was added to meet the
target concentration. The solution was
mixed for approximately one minute
using a vortex mixer, then placed on a
mechanical shaker for 40 minutes. After
extraction, the sample was centrifuged
for 15 minutes at 4,500 rpm. The
supernatant was collected after filtration
using a 0.2 µm nylon syringe filter.

LC configuration and parameters
Table 1. UHPLC configuration and settings.
Parameter

Value
Agilent 1290 Infinity II high-speed pump (G7120A)

Instruments

Agilent 1290 Infinity II multisampler (G7167B)
Agilent 1290 Infinity II multicolumn thermostat (G7116B)
Agilent 1290 Infinity II variable wavelength detector (G7114B)

Needle Wash

80:20, methanol:water

Sample Diluent

Water

Multisampler Temperature

6 ±2 °C

Injection Volume

20 µL

Analytical Column

Agilent InfinityLab Poroshell HPH-C18,
4.6 × 150 mm, 2.7 µm (p/n 693975-702)

Column Temperature

40 °C

Mobile Phase A

0.1% formic acid in water

Mobile Phase B

0.1% formic acid in methanol

Flow Rate

0.3 mL/min

Gradient

Time (min)
0
6
6.1
11
11.1
11.2
14

Stop Time

14 minutes

Post Time

1 minute

UV Wavelengths

230 nm, 300 nm

%A
95
92
92
5
5
95
95

%B
5
8
8
95
95
5
5

Flow (mL/min)
0.3
0.3
0.5
0.5
0.3
0.3
0.3

Triple quadrupole mass spectrometer
configuration and parameters
Table 2. Mass spectrometer configuration and source settings.
Parameter

Value

Instrument

Agilent 6470A triple quadrupole LC/MS

Ion Source

Atmospheric pressure chemical ionization (APCI)

MS/MS Mode

MRM

Ion Mode

Positive

Drying Gas Temperature

300 °C

Drying Gas Flow

5 L/min

Nebulizer Pressure

35 psi

APCI Heater

350 °C

APCI Needle Positive

4 µA

Capillary Voltage, Positive

4,000 V

MS1/MS2 Resolution

0.7/0.7 (unit/unit)

Dwell Time

200 ms

MS/MS compound information
for analytes
Table 3. Detailed MRM settings in MRM mode in the Agilent 6470 triple quadrupole LC/MS.
Compound

Precursor Ion
(m/z)

Product Ion
(m/z)

Fragmentor
(V)

Collision
Energy (V)

CAV (V)

Polarity

NDMA (Quantifier)

75.1

43.1

75

18

1

+

NDMA (Qualifier)

75.1

58.1

75

10

1

+

Method development and data
analysis
Method development was done by
injecting 1 µL of neat solution at a
concentration level of 1,000 ng/mL in
flow injection mode. MRM transitions
were obtained and optimized using
the Agilent MassHunter Acquisition
Optimizer software to determine optimal
precursor and product ions, fragmentor
voltages, and collision energies. Data
were acquired and analyzed using
Agilent MassHunter software version 10.

3

Results and discussion

Table 4. Diverter valve program used to divert
ranitidine peak to waste.

The calibration concentrations ranged
from 0.1 to 100 ng/mL, with results
mentioned in Table 5. R2 values were
greater than 0.9997 for NDMA, displaying
good linear response throughout the
concentration range. Figure 2 is the
representative extracted ion MRM
chromatogram from 6470 triple
quadrupole LC/MS acquisition, showing
elution of NDMA in a 1 ng/mL calibration
standard and ranitidine (30 mg/mL). A
diverter valve program (Table 4) was
used to divert the high concentration of
ranitidine to waste.

Start Time
(minutes)

#

Scan Type

Diverter Valve

1

0

MRM

Waste

2

6

MRM

MS

3

8.2

MRM

Waste

Table 5. Result summary of the Agilent 6470 triple quadrupole LC/MS. Data include signal-to-noise
ratio (S/N), calculated limit of quantitation (LOQ), limit of detection (LOD), coefficient of regression, and
calibration curve fit. NDMA used a 1/x weighted calibration curve.
Agilent 6470 Triple Quadrupole LC/MS
Compound
NDMA

LOD (ng/mL)

LOD (S/N)

LOQ (ng/mL)

LOQ (S/N)

R2

Linearity Range
(ng/mL)

0.1

20.85

0.25

45.11

0.9997

0.1 to 100

*S/N was calculated using the Auto-RMS algorithm, a noise reference selected as sample, and a noise width of
0.2 minute using MassHunter Quantitative 10 software.
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Figure 2. Representative NDMA (1 ng/mL) MRM chromatogram along with ranitidine UV chromatogram showing elution pattern.
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Accuracy and
reproducibility

1.0
0.8
Counts (%)

The calibration curve for NDMA
(Figure 4) demonstrated an accuracy rate
within 20% of the expected concentration
level at the LOQ. Calibration levels are
shown in Table 6B, and reproducibility
across all levels exhibited CVs less
than 15%.
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Figure 3. Representative extracted ion MRM chromatogram of NDMA (0.25 ng/mL).
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Table 6A. Representative replicate
reproducibility for 1 ng/mL NDMA
for ranitidine.
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Figure 4. Representative calibration curve for NDMA dispersed throughout the chromatogram. The
calibration curve fit used a 1/x weighting factor.
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Table 6B. Representative accuracy and reproducibility for different concentration levels of NDMA.
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Table 7A. Representative recovery data for different concentration levels.

Table 7B. Summary of experiment recovery in ranitidine drug substance.
Nitrosamine
Impurity
NDMA

Spiked Concentration (ng/mL)
Mixed with Ranitidine API (30 mg/mL)

Recovery %

1.2

86.4

3

93.3

6

86.5

Note: Recovery experiments were
performed at higher concentrations,
as both the drug substance and drug
product already contained NDMA in
reasonable amounts.

Table 7C. Summary of recovery experiment in ranitidine drug product in
tablet form.
Nitrosamine
Impurity
NDMA

Spiked Concentration (ng/mL)
in 30 mg/mL of Ranitidine Tablet

Recovery %

24

94.9

48

87.4
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Conclusion
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does not enter the mass spectrometer.
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