
 

 

This technical note describes a QTRAP LC- MS/MS method for 

the identification and MRM- based quantitation of the N - nitroso 

atomoxetine (NNATO) impurity in atomoxetine (ATO) active 

pharmaceutical ingredient ( API) using the novus V55 system  — 

QTRAP (Figure 1). A limit of quantitation (LOQ) of 0.025 ng/mL  

was achieved on the novus V55 system  — QTRAP, with reliable 

quantitation and confident MRM > EPI- based identification 

(IDA- driven) within a compact design.  

Atomoxetine, a selective norepinephrine reuptake inhibitor 

widely prescribed for the treatment of  

attention‑deficit/hyperactivity disorder (ADHD)1, contains a 

secondary amine functional group that renders it susceptible to 

nitrosamine formation under conducive conditions. Given the 

potential carcinogenicity of nitrosamines, regulatory agencies 

mandate the stringent control of these impurities. Considering 

a maximum daily dose of 100 mg and an acceptable intake limit 

of 100 ng/day for nitrosamines 2, the corresponding 

specification limit is approximately 1 ng/mg in the drug 

substance. Therefore, sensitive analytical methods are required 

to accurately quantify nitrosamine impurities at trace levels in 

the API. 

Key benefits for analysis of NDSRIs using the 

novus V55 system  — QTRAP 

• Low pg/mL  level of quantitation: Achieve 0.025 ng/mL  LOQ 

for the quantitation of NNATO using the novus V55 system  — 

QTRAP.  

• Identification of impurity in API: NNATO impurity was  

confidently identified using reliable full scan MS/MS data 

acquisition with IDA- driven MRM > EPI (enhanced product ion) 

scan.  

• Robust analytical performance: Achieve accurate 

quantitative performance with %CV <6 for NNATO at all 

concentration  levels. 

Sensitive quantitation and identification of NDSRI in atomoxetine API  

 

Figure 1. Detection and identification of NNATO using the MRM and MRM > EPI approach on the novus V55 system — QTRAP. Representative extracted ion 

chromatograms (XICs) of the NNATO (left) at the LOQ 0.025 ng/mL  and EPI (MS/MS) spectra (right) of NNATO are displayed. Verification of the impurity peak in the 

ATO API sample was performed using MRM > EPI spectra matching , with a library fit of 100, as demonstrated in  SCIEX OS software.  
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• Small footprint without compromising quantitative fidelity:  

Reach optimal quantitative performance using the most 

compact triple quadrupole mass spectrometer in its class.  

• Streamlined data management: Simplify data acquisition 

and processing using SCIEX OS software, a 21 CFR Part 11 -

compliant platform.  

Introduction  

Nitrosamine drug substance –related impurities (NDSRIs) are 

highly potent probable carcinogens structurally linked to the 

API.3 They are classified 5 five categories (Class 1 –5) using the 

Carcinogenic Potency Categorization Approach (CPCA), based 

on acceptable intake and structural features that are activating 

or deactivating . Nitrosamines can affect multiple organs , and 

based on the structure of atomoxetine (ATO), it is categorized 

under Class 2 as per CPCA guidelines .4 

The probability of formation of NNATO in ATO is higher due to 

the presence of a secondary amine, while ATO is also highly 

reactive because its unbound amine groups can facilitate the 

formation of other NDSRIs.  Since the probability of forming an 

NDSRI  is much higher, the FDA has set a regulatory intake limit 

of 100  ng/day.2 Given the maximum daily dose of 100 mg/day 

and the regulatory limit, NNATO should be analyzed at levels 

below 1 ng/mg.  

In this study, a quantitative evaluation of N NATO was performed 

in ATO API. Reliable MRM quantitation paired with confident 

MRM > EPI- based identification was achieved using the novus 

V55 system — QTRAP, thereby enabling streamlined NDSRI 

workflows in pharmaceutical laboratories with enhanced 

energy- efficiency  solutions.  

Methods 

Standard preparation: Calibration curve dilutions of NNATO 

were prepared across a range of concentrations ( 0.025 ng/mL  

to 50 ng/mL ) and analyzed in triplicate.   

Sample preparation : A 1 mg/mL ATO solution was prepared. The 

spiked API samples were prepared by adding NNATO to 1 mg/mL 

ATO solution, resulting in NNATO levels of 0.05, 0.1, and 1 ng/mg 

in the API. 

Chromatography: Sample separation was performed using an 

ExionLC AD system at a flow rate of 0.5 mL/min on a  

Phenomenex Kinetex C8 column  (100 x 2.1 mm, 2.6 µm, 100 Å). 

The column temperature was maintained at 40°C. A 5- minute 

gradient was run using 0.1% formic acid in water as mobile  

phase A and acetonitrile as mobile phase B  (Table 1). An 

injection volume of 5 µL was used for analysis. A 50:50 (v/v) 

acetonitrile/water mixture was used as the needle wash 

solvent. 

UV chromatography : UV data were collected using an ExionLC 

AD system  equipped with a D2 lamp. The API detection 

wavelength was set to 2 10 nm. 

Mass spectrometry: Analysis was performed on the novus V55  

system  — QTRAP. The optimized source and gas  parameters 

used for the analysis are listed in Table 2, and the  MRM 

parameters are included in Table 3 . 

 

Data processing : Data collection and analysis were performed 

using SCIEX OS software, version 4 .3. Peaks were integrated 

using the MQ4 algorithm and a weighting of 1/x was used for 

NNATO quantitation.  

 

 

Table 1. LC gradient conditions.  

Time  

(min) 

Mobile phase A 

(%) 

Mobile phase B 

(%) 

0 90  10 

3 10 90  

4 10 90  

4.1 90  10 

5 90  10 

Table 2. Source and gas parameters.  

Parameter  Value 

Polarity Positive  

Ionization mode ESI  

Ion source gas 1  50 psi  

Ion source gas 2  35 psi  

Curtain gas  40 psi  

Source temperature  350°C  

Spray voltage  2500 V  

CAD gas  9 

Table 3. MRM parameters used for quantitation. 

ID 
Precursor 

ion (m/z) 

Fragment 

ion (m/z) 

DP 

(V) 

CE 

(V) 

CXP 

(V) 

NNATO- 01 285.12 177.14 60  10 16 

NNATO- 02 285.12 117.08 60  25 15 
 

https://www.phenomenex.com/part/00d-4497-an


Identification  of NNATO in ATO API using QTRAP  

Confirmation of NNATO was performed using 2 product ions 

(quantifier and qualifier) as shown in Figure 2 . In addition, a full 

product ion spectrum was acquired using an IDA method and 

compared against a reference library for further confirmation 

on the novus V55 system — QTRAP. An MRM–IDA–EPI method 

was developed in which the MRM transition triggered an IDA 

event to acquire an EPI spectrum, as illustrated in Figure 2 

(top). 

An ATO API blank and an ATO API sample spiked with 0.05 ng/mL 

of NNATO were analyzed. The product ion spectrum obtained 

from the spiked sample was compared with that of the NNATO 

reference standard, yielding a spectral match of 100% (Figure 

2, bottom). This result provided additional confirmation of 

NNATO, beyond the quantifier and qualifier ions. 

MRM quantitative performance  

Baseline separation of ATO API and NNATO was achieved using 

the Phenomenex Kinetex C8 column (100 x 2.1 mm, 2.6 µm, 

100 Å). A retention time of 3.0 min was observed for NNATO by 

LC- MS/MS analysis (Figure 3). Furthermore, UV 

chromatographic analysis of the ATO API at 210 nm yielded a 

retention time of 1.7 min. A ~1.3 min difference in retention time 

between ATO and NNATO was observed, demonstrating good 

baseline separation and an optimal setup for reliable 

quantitative performance . An additional peak was observed at 

2.8 minute in the ATO API. The peak was detected in both the 

quantifier and qualifier ions, suggesting the possible presence 

of an isomer.5 Further investigation using appropriate reference 

standards is required to confirm the identity of this peak.    

NNATO was analyzed across the concentration range of 0.025 

ng/mL to 50 ng/mL. To evaluate reproducibility, each calibration 

standard was analyzed in triplicate. 

Linearity was achieved over the concentration range of 0.025 

ng/mL to 50 ng/mL, with a coefficient of determination (r 2) 

>0.998 (Figure 4).  

An LOQ of 0.025 ng/mL was achieved for the quantitation of 

NNATO with no interference in the diluent blank (Figure 5). The 

regulatory intake limit (1 ng/mg) was calculated based on a 

                         

Figure 2. MRM > EPI method development workflow. Top left shows the MRM with both the quantifier and qualifier ion, while top right shows the IDA > EPI. 

Representative XICs of the ATO API blank and 0.05 ng/mL  NNATO spiked into the ATO API sample (bottom left), with both the quantifier ion (blue) and the 

qualifier ion (pink), and corresponding EPI (MS/MS) spectra (bottom right) are displayed. Verification of the  NNATO impurity peak in the ATO API sample was 

performed using MRM > EPI spectra matching , and the library fit was 100, as demonstrated on SCIEX OS software.  
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maximum daily dose of 100 mg/day. Therefore, NNATO was 

analyzed at three concentrations: 0.05, 0.1, and 1 ng/mL.  

The average recovery was calculated for NNATO at 3 

concentrations, with NNATO spiked at 0.05, 0.1, and 1 ng/mL 

and compared against the average area from  the neat standard 

solution. An average recovery of 101% was achieved across 3 

concentrations, with %CV less than 3.     

Analytical performance was evaluated based on the criteria that 

the accuracy of the calculated mean should be between 80% 

and 120% at the LOQ and between 85% and 115% at the higher 

concentrations. In addition, the %CV of the calculated mean of 

concentratio n should be <20% at the LOQ and <15% at all 

higher concentrations.  

 

 

The assay accuracy was within ±13% of the actual 

concentration, and the %CV was less than 6% for NNATO. The 

calculated percentage accuracy and %CV values were within 

the acceptance criteria at each concentration level (Figure 6).  

 

Compliance - ready SCIEX OS software  

Equivalent SCIEX OS software capabilities for NDSRI analysis  

can be executed on the novus V55  system — QTRAP, ensuring 

high fidelity when performing method transfers while retaining 

critical compliance features.  

SCIEX OS software is a closed system and requires records and 

signatures to be stored electronically, meeting the regulations 

outlined by 21 CFR Part 11. SCIEX OS software can open raw 

 

 

Figure 4. Calibration curve for quantitation of NNATO (285.12 →177.14). The 

calibration curve was generated using a weighing factor of  1/x for NNATO 

analysis . 

 

 

Figure 3. Baseline chromatographic separation was achieved between NNATO 

and ATO API. XIC of 0.1 ng/mL of NNATO (top) and UV chromatogram of 1 

mg/mL ATO API at 210 nm (bottom) are displayed.  

         

 

Figure 5. Representative XICs of diluent blank, LOQ, and 0.05 ng/mL of NNATO 

are shown. An LOQ of 0.025 ng/mL  was achieved with no interference in the 

diluent blank sample. 

Table 4. Recovery and precision calculation.  

 

0.05 ng/mL 

of NNATO 

(n=3)  

0.1 ng/mL of 

NNATO 

(n=3) 

1 ng/mL of 

NNATO 

(n=3) 

Avg peak 

area of 

NNATO in 

ATO API 

(n=3)  

11115±699  22165±998  
240333±724

7 

Avg peak 

area of 

NNATO in 

the diluent 

(n=3)  

10617±380  22596±1418  
243385±728

0 

%Recovery 105 98 99 

Avg recovery % 101 

Standard deviation  3.0 

%CV  3 

0.025 ng/mL – 50 ng/mL

XIC of NNATOat 0.1 ng/mL

UV chromatography (at 210 nm) of 
1mg/mL ATO API

Diluent 
blank

NNATO LOQ 
0.025 ng/mL

NNATO 
0.05 ng/mL



data files from any visible storage location within a closed 

network by using designated processing workstations.  

Figure 7 illustrates  the features of SCIEX OS software used to 

monitor the audit trail, acquire and process data, and configure 

user access. The audit trail feature enables users to audit 

critical user actions and locks in data integrity.  

The Central Administrator Console (CAC) feature allows users to 

centralize acquisition and processing using a single platform to 

maximize efficiency for multi - instrument laboratories, 

independent of compliance standards. The configuration 

module allows users to assign roles and access as the 

administrator, method developer, analyst, and reviewer. 

 

 

 

Figure 6. Quantitative performance of NNATO (285.12 →177.14). Reproducibility and accuracy were assessed using calibration curve standards across 3 

replicates at each concentration. Statistical results were summarized using the Analytics module in SCIEX OS software.     

 



 

 

Figure 7. Features of SCIEX OS software for monitoring user access and evaluating the audit trail. The audit trail view allows users to easily filter high- risk events and 

enables data integrity features to meet compliance requirements. The software features a Central Administrator Console (CAC) to manage users and groups, role 

definitions, workstations , and projects across all systems. The CAC feature supports both regulated and non - regulated compliance standards. The configuration module 

enables users to quickly set up roles and access levels  for the administrator, method developer, analyst, and reviewer levels. 

 

Easily search and filter for specific high-
risk events in audit trail viewer. Built-in 
data integrity features allow you to 
tailor each functionality specifically to 
meet compliance needs and data 
security requirements.

Assign users and access to 
administrator, method developer, 
analyst and reviewer roles under the 
audit trail module. Easily customize the 
role and specify level of access. 

Users can manage groups, role 
definitions, workstations and projects 
across all systems using the SCIEX OS 
software Central Administrator Console 
(CAC). It supports all regulated and non-
regulated compliance standards.
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Conclusions  

• Quantitation of NNATO 

• An LOQ of 0.025 ng/mL  was achieved for the quantitation of 

NNATO. Good quantitative performance was demonstrated 

with accurate and highly reproducible (%CV < 6) analysis for 

NNATO using the novus V55 system — QTRAP. 

• Linearity was achieved at concentrations ranging from 

0.025 ng/mL  to 50 ng/mL  with an r2 >0.998 for NNATO. 

• Maintain quantitative rigor while reducing operating costs 

with the novus V55 system  — QTRAP, the most compact 

triple quadrupole mass spectrometer in its class.  

• Analysis and identification of NN ATO in ATO API 

• NNATO impurity in ATO API was identified and verified by 

comparing the impurity MS/MS spectra with the NN ATO 

standard MS/MS spectra.  

• Accurate quantitation with good baseline separation of 

NNATO and ATO API was achieved. 

• An average recovery of 101% was achieved with %CV <3 

where NNATO was analyzed at 0.05, 0.1, and 1 ng/mg of API, 

below and at the calculated specification limit of 1 ng/mg. 

 

 

 

 

 

• Software compliance  

• Easily acquire, process, and visualize results for NDSRI  

analysis using SCIEX OS software . 

• Utilize library matching on SCIEX OS software for seamless 

identification of unknown NDSRI impurities.  
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