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What are nitrosamines? 

Nitrosamines are a class of mutagenic impurities which contain the nitroso functional group
and are formed when a secondary or tertiary amine reacts with a nitrosating agent [1]. Two
common nitrosamines include N-nitrosodimethylamine (NDMA) and N-nitrosodiethylamine
(NDEA), which have been classified as potential human carcinogens by the International
Agency for Research on Cancer [1,2]. A carcinogenic response is induced when the N-
nitrosamines are activated by microsomal liver enzymes and react with DNA. Low levels of
these compounds can be found in food and drinks, such as roasted meats, cheese, and beer,
as well as tobacco and pesticides. However, over the past few years, nitrosamines have
received a great deal of global attention after being found in medicinal products [1,3]. 

In 2018, the US Food and Drug Administration (FDA) announced the detection of NDMA
contamination in valsartan. Valsartan is an angiotensin II receptor blocker used to treat high
blood pressure. Patients taking valsartan with N-nitrosamine impurities may have an increased
risk of cancer, which led to lots of the drug being recalled [1−3]. In the case of valsartan, the
nitrosamine impurities were only detected when a more sensitive analytical method was used
many years after the initial Chemistry, Manufacturing and Controls (CMC) modification
occurred (a change in the synthetic process of the Active Pharmaceutical Ingredient [API]).
After impurities were detected in valsartan, global pharmaceutical and regulatory laboratories
have discovered nitrosamine impurities in a growing array of pharmaceuticals (e.g., ranitidine
and metformin), which have triggered numerous recalls [2,4].

The discovery of unacceptable levels of N-nitrosamines in some drugs led to companies
receiving warning letters, global drug shortages and new regulatory actions requiring more
stringent detection of the impurities [5]. Mi Jang, Lab Manager and Chief Researcher, Pharma
& Tech (Korea) remarked on the likelihood of more rigorous regulations:

Many pharmaceutical products made in Korea are exported overseas, and the regulations
continue to become more stringent. When these new guidelines for nitrosamine testing

came out, we knew we needed to move quickly to setup the services necessary.

by Naamah Maundrell 
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Larger lessons have been learnt from the drug recalls, with pharmaceutical companies and
manufacturers changing how they review their own quality processes for risks that could
result in a similar contamination issue [6]. Scientific assessment of raw materials, critical
products, process changes, and the final drug substance or drug product are necessary to
ensure patient safety when the supply chain is so complex [2,3].

Testing should be carried out in the intermediate stage and semi-finished conditions
on both raw materials and finished products, as nitrosamines can be generated at any

point in the process – commented Eun-Joo Joe, Senior Researcher, Pharma & Tech
(Korea).

Regulatory response to nitrosamine impurities

Both the FDA and EMA published guidance recommendations for manufacturers of drug
products and APIs to detect nitrosamine impurities in pharmaceuticals [7,8]. Key guidances
also define the conditions that may introduce nitrosamine impurities, including side reactions
from drug syntheses, the breakdown of unstable drug compounds and contamination from
recycled solvents used in manufacturing and packaging [3]. The unexpected detection of
nitrosamine impurities also highlighted the need for a risk assessment strategy for potential
nitrosamine impurities. In a risk assessment all potential sources of contamination should be
considered, including the excipient, drug substance, solvents, water, the manufacturing
process, and packaging components [4,9]. This means that the pharmaceutical industry
should examine the entire drug development and manufacturing process, which can include
formulation and process development, as well as raw materials and excipients. However, this
has proven to be challenging not only due to complicated manufacturing processes and a
complex global supply chain, but also because of the number of different impurities and drug
products of concern with many possible techniques for detection and quantification. 

Much of the initial focus during the nitrosamine impurity crisis was on contaminated APIs and
drugs, the final product that reaches patients. Therefore, the need to control nitrosamine
impurities at lower detection limits necessitated the consideration of mass spectrometry
detection to quantify these trace compounds [4,9].






The regulations on nitrosamine impurities in pharmaceutical products are being
extended to all products including chemically synthesized drug substances.

According to our developed LC−MS/MS analytical method, an LOQ of 0.025 ng/mL
was achieved for eight nitrosamines. In addition, data acquisition satisfying the

requirements of GMP regarding data integrity is also possible. With the use of this
approach, it is possible to comply with the regulations for nitrosamines that are

becoming stricter by the day, explained Hiroki Ami, Analytical Development
Subgroup Leader, Production Technology Department, Shionogi Pharma (Japan).




Nitrosamine identification & quantification

In response to the nitrosamine crisis, effort was put into developing sensitive detection
methods that could meet required limits. The correct method and technology to analyze
these drugs and impurities depends on the required sensitivity for each individual laboratory.
This required sensitivity is based on the drug type and the stage where testing takes place
during development and manufacturing. As nitrosamine impurities can occur, and be a
concern, at extremely low concentration levels, sensitive and specific analytical techniques
are required to enable their detection [10]. 

Traditional LC−UV can be used for quick method analysis of raw materials, solvents, or
excipients; however, mass spectrometry has become a significant detection method for
nitrosamine analysis as it enables the highly sensitive quantification of known impurities
required to meet future low detection limits for final API or drug product [4]. Key mass
spectrometry techniques used include GC−MS/MS, LC−MS/MS and HPLC−HRMS. These
different instruments cover diverse needs, depending on what is being tested and the
analytical challenges that arise [4,11]. But how do you navigate the different methods and
technologies? 



Emmanuel Desmartin, Mass Spectrometry & Bioanalysis Lab Manager, Eurofins

Biopharma Product Testing (France) commented on the system his lab implemented:
We have implemented in December 2020, a new LC-MS/MS system within our

laboratory which is the new Xevo TQ-XS from Waters [12]. Linked to UPLC I-Class
system and using MassLynx as a software this system will allow us to carry out

analyses from bioanalysis to the screening of nitrosamines but also the assays of
genotoxic impurities in your pharmaceutical drug products. Due to its high sensitivity,
this equipment will be used for analyses for which we need to have very low limits of

quantification.






Importantly, regulators will accept any platform that can reach regulatory limits with a
method that is fit-for-purpose [13]. However, each laboratory must validate the method on
their own instruments to confirm it is suitable for the intended use. LC−MS is the preferred
technology for high-sensitive quantification of known compounds (used for volatile and
non-volatile nitrosamines), whereas HRMS is most appropriate when screening for new and
unexpected impurities [1,14]. GC−MS/MS is not an appropriate technique for detecting NDMA
levels in ranitidine, due to the possibility of high temperature degradation. Given the
complexity and challenges of nitrosamine analysis in both API and drug products, it is
important to find the best solution and method based on individual circumstances [1,10]. 

Gabriela Grijalva, Chemical Engineer, Donovan Werke (Guatemala) stated: We looked
for an instrument that worked well and was appropriately suited to our needs, to
detect these types of impurities at established working concentrations. We also

wanted a vendor with experience in the detection of these compounds, as well as
support from the brand to implement an accurate, reliable, and sensitive analytical
method for the determination of nitrosamines in our raw materials, excipients and

finished products.



For these reasons, the Waters ACQUITY UPLC H-Class with QDa Mass Detector was
chosen for our needs, becoming a useful and reliable tool. The UPLC-QDa is sensitive
enough for our low working concentrations, so it is reliable for the identification and

quantification of impurities in general. The shorter retention time, and therefore
shorter run time, had a direct impact on cost and time savings by reducing the

amount of solvents and reagents consumed, reducing the time of preparation and
analysis, and saving work time that can be used to perform other dedicated tasks.

With this instrument, the analysis of raw materials, excipients and finished product is
carried out.

Summary

Key lessons have been learnt from the presence of N-nitrosamines in medicines, most
importantly how crucial it is to maintain a safe supply of medications [9,15]. Scientists and
regulators must work together to ensure that analytical platforms used for nitrosamine
analysis can reach regulatory limits with a method that is fit-for-purpose. Although
traditional LC−UV can be used for quick method analysis of raw materials, solvents, or
excipients, mass spectrometry has become the analytical platform of choice for these
genotoxic impurities as it enables the highly sensitive quantification of known impurities
required to meet future low detection limits for final API or drug product. Since nitrosamine
contamination can have multiple possible sources, either with the API, final drug product,
excipients, or solvents, it is important that the chosen method is fit for its intended purpose
to accurately detect and quantify nitrosamine impurities [4]. 
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Nitrosamine analysis: techniques
and instrumentation

5 steps to effectively detect and quantify nitrosamines

 What are nitrosamines? 
Nitrosamines are a type of impurity which may increase 
the risk of cancer if people are exposed to them above 
acceptable levels over long periods of time. 

Since 2018, in what is known as the nitrosamine 
crisis, nitrosamines have been detected in different 
types of pharmaceutical drugs. This includes, but is 
not limited to, sartans (a group of hypertension 
drugs), ranitidine (an antacid), and metformin (a dia-
betes drug).

This nitrosamine crisis called into question the quality 
of many APIs (active pharmaceutical ingredients) 
produced and sourced, resulting in:

The drug manufacturing process has become increasingly outsourced and globalized, 
while proposals for stringent impurity regulations are imminent. Companies that 
manufacture and supply APIs or other raw materials must have the analytical 
capacity to identify and monitor impurities.

Variables such as ionization source and mobile phase 
can impact analytical performance of a method. This 
highlights the importance of a good method develop-
ment, transfer, optimization, and validation plan. In 
general, atmospheric pressure chemical ionization (APCI) 
sources provide more sensitivity when observing 
nitrosamine impurities than compared to ESI sources.  
Additionally, using ammonium formate buffer mobile 
phase improves sensitivity and reduces baseline noise, 
achieving better signal to noise (S/N). 

It is important to select the appropriate column chemistry 
when setting up a method with certain impurities and 
APIs in mind. Having more resolution from the API ena-
bles effective use of a diverter valve to divert the large-
ly concentrated API peak to waste, minimizing suppres-
sion and reducing source contamination. One specific 
column might not work when looking at different drug 
substances or drug products, even different formula-
tions. One size does not fit all.

To meet the low detection requirements for final API or 
drug products, tandem/triple quadrupole (TQ) mass 
spectrometry is the gold standard for robust, routine 
high sensitivity quantification of known impurities. Use 
of MS/MS is critical to detect and quantify these trace 
ions without interference. Extremely important to note 
here is the use of qualifier and quantifier ions, which 
might change based on the matrix, and speaks to the 
importance of evaluating samples using multiple MRM 
transitions. Different published methods might use 
different transitions for qualification or quantification, 
so each individual lab must validate their own 
method depending on their instrument and conditions 
before submitting data to regulatory authorities.

One challenge with nitrosamine analysis is the wide 
variety of potential compounds, each with different 
physiochemical properties. The first step to overcoming 
this challenge is comprehensive sample preparation. 
The more work and focus done up front in these 
earlier stages, the easier the later stages will be. To 
maximize sensitivity without affecting peak shape, it is 
important to select the appropriate solvent and injection 
volume. When analyzing samples for low level impurities, 
automated sample preparation techniques can 
reduce possible contamination from external sources, while 
increasing reproducibility and, therefore, the precision of 
an assay. 

This infographic has been created as part of a Bioanalysis Zone feature in association with Waters Corporation. 
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About the speaker

Javier Jimenez-Villarin
Support & Applications Specialist
Waters Corporation 

Javier Jimenez-Villarin received his PhD in analytical chemistry from the University of
Barcelona (Barcelona, Spain). For his thesis, Javier utilized state-of-the-art LC–HRMS/MS and
ion mobility mass spectrometry to identify and characterize pharmaceutical transformation
products and their metabolites. Javier then joined a CDMO where he applied his knowledge of
analytical instrumentation to the resolution of complex contract manufacturing analysis
projects and the characterization of API impurities utilizing HRMS/MS. He joined Waters
Corporation in 2019 as a Support & Applications Specialist, focusing on delivering innovative
and fit-for-purpose solutions to customers in a wide variety of scientific fields, such as
pharma, biopharma, clinical, food and environment and chemical materials. This has included
the development of novel analytical methods for the detection and quantification of
nitrosamine impurities in raw materials, active pharmaceutical ingredients and final product
formulations utilizing LC–MS/MS.

Analysis of nitrosamine impurities: an
interview with Javier Jimenez-Villarin

Nitrosamines are genotoxic impurities that have made their presence known in the pharma
industry. To what levels do you believe nitrosamines need to be determined?

Nitrosamines are genotoxic impurities that appeared in 2018 when the European Medicines
Regulatory Network alerted us about their presence in certain APIs. This was due to the
formation of nitrosamines, and it is believed that contamination from solvents, reagents and
equipment also made an impact and led to the presence of nitrosamines in the APIs and the
drug products. That's why not only the APIs are affected but also excipients and final drug
products are analyzed in order to make sure that no nitrosamines are found in the final drug
product. Bearing this in mind, the levels of detection are dependent on the acceptable intake
of the impurity in nanograms per day and the maximum daily dose of the drugs in milligrams
per day. Therefore, for each API or drug product, the level of detection needs to be calculated
for each drug impurity.

Questions






What considerations do you take into account when creating a new method for nitrosamine
analysis? 

That is the key question when I, or we at Waters, start talking about these analyses with
customers. The most important thing, I believe, is the limits of detection and quantitation that
the customer requests or that the lab requests. This has a close link, or a direct link, to the
instrumentation available in the lab or that we will need to implement in the customer's lab.
Solubility of the API or the final drug product is another consideration to take into account, as it
will have a strong impact on the later development of the method. Finally, the last
consideration we usually take into account is all the information that we can gather from the
API. as this will help us fully understand the complexity of the separation that is needed to
develop for the customer in order to work on these analyses.

What are the main technical challenges you usually face when setting up a new method for
nitrosamine analysis? How do you overcome them?  

The limit of detection and quantitation requested by the customer is the main thing that we
have in mind during the overall method development. The solubility or the physical/chemical
properties of the API are also something that is important to have on hand. Waters believe that
each customer and API should have their own method. We create fit-for-purpose method
development or we implement this kind of method for each customer as the physical/chemical
properties of the API, the purity substances and the impurities may differ from one API to
another. The main technical challenge about this analysis is to separate nitrosamines from the
API, other impurities or residual solvents in the matrix. This is of great importance because
when we couple liquid chromatography to mass spectrometry, we have to separate everything
as we need to divert the API or the whole matrix goes to waste. In this way we prevent matrix
effects coming from the sample. A useful tool in order to overcome this analysis is to use
online UV detection with MS to make sure that the API or other impurities at higher
concentrations than nitrosamines are diverted to waste. We make sure, in real-time during the
analysis and during the chromatographic runs, that the API or the matrix doesn't go into the
mass spectrometer. As we are talking about separation all the time, we at Waters are very lucky
and that's why we have been successful at overcoming these analyses because we have the
complete portfolio of chemistries, in all formats possible and a wide variety of instruments, so
we cover sample prep to the final result. 






What are the different technologies that might be needed and when would each of them be
necessary for an individual lab? 

The traditional technique was liquid chromatography coupled to UV detection. This was when
the lead of detection and quantification were high enough for the quantitation of nitrosamines,
but since 2018 newer limits of detection and quantification were needed. So mass
spectrometry started to play a role here. When we need more detection or more power to data
detection and quantitation, then we start talking about single-quad mass spectrometry
especially in those cases where the concentration of nitrosamines are expected to be high or
high enough to be detected by this technique or by this kind of instrumentation. But the tool of
reference here in nitrosamine analysis is triple quadrupole as they have the ability to achieve
the limits of detection and quantification commonly required by the pharma companies. It is
also the tool of reference because we double check each chromatographic run for the
presence of nitrosamines, so this technique is less prone to provide false positives. On the
other side, we have also high-resolution mass spectrometry for those labs that may expect
new nitrosamines or new genotoxic impurities. And finally, on the list, gas chromatography can
be an appropriate instrument for the detection and quantitation of nitrosamines, but it may
lead to false positive for certain APIs.

How has the transition and/or technology transfer been from HPLC–UV/Vis to UPLC–
MS/MS in QC labs?

This transition has been quite smooth as our benchtop single-quad MS, our Acquity PDA, has
been a big intermediate step to start acquiring some training, as it is important to gain a lot of
training and knowledge in MS analysis for most QC labs. But I still have the feeling when I am in
front of the customer that they have a kind of fear. They are worried about using mass
spectrometry specifically if they are not fully trained for running this kind of a routine analysis
with this instrumentation. They are also worried about being compliant. That's why we at
Waters believe that we deliver benefit to customers, not by only providing the instrumentation,
columns or the solutions, but also providing training, knowledge and what's most important for
me is accompaniment over time.

https://soundcloud.com/bioanalysis-zone/tech-digest-bioanalysis-of-nitrosamine-impurities?si=35aae8258aeb45e8a5653934519a3174#t=8:45





As a final thought, do you see nitrosamines going away at any point and do you see any new
impurities in the near future? 

That's for sure. Nitrosamines have been the first milestone in genotoxic impurity analysis and
for sure the search and investigation of these impurities will be part of future drug
development. Pharma companies from now on will be cautious during synthesis from raw
material to final product in analyzing each critical step, looking for nitrosamines in this case or
new genotoxic impurities. In the end, nitrosamines won't go away anytime soon and they will
remain a hot topic in the field. That's because the regulators like the FDA or the EMA are being
more strict in terms of regulation, especially in the content of these kinds of impurities in the
final products or the APIs and that's why, when we talk to customers, we try to emphasize that
it is important to be prepared for today but also for the future. The key advice is to acquire or
to be trained in this kind of more advanced technology for the detection and quantitation at
these compounds. I am sure Waters will continue to play a key role in supporting our
customers and for making them successful during the synthesis or manufacturing of
medicines.

https://soundcloud.com/bioanalysis-zone/tech-digest-bioanalysis-of-nitrosamine-impurities?si=97ac91472ce44d61b1237301d5a82fda#t=10:30
https://soundcloud.com/bioanalysis-zone/tech-digest-bioanalysis-of-nitrosamine-impurities?si=97ac91472ce44d61b1237301d5a82fda#t=10:30
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