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ABSTRACT

Nitrosamines impurities even in small amount known to be mutagenic and carcinogenic. Numerous recalls and enhanced
regulatory scrutiny of drug substance and high-profile drug products batches contaminated with Nitrosamines have recently been
carried out by several national authorities including FDA, EU, Canada, Australia, Switzerland, and Singapore. The pharmaceutical
industry has witnessed recalls of several drugs, including those used to treat elevated blood pressure (including valsartan, losartan
and irbesartan), heartburn and acid reflux (including ranitidine and nizatidine) resulting in heavy loss of revenue for the
manufacturers and the temporary withdrawal of treatment for many patients worldwide. Regarding the control of these
contaminants with the interim limit, the various regulatory authorities have released a press release or notice. It is imperative that
drug product manufacturers identify and understand the probable source of nitrosamine formation in their manufacturing
process and apply use mitigation strategies with proper controls to reduce the formation of Nitrosamines carcinogenic impurities.
This review covers a variety of aspects that are essential to successful control measures against current and upcoming nitrosamine
issues. as the accumulated knowledge of toxicity concerns and potential root causes of nitrosamine contamination, its accurate
riskassessment, and various mitigation strategies have been explained in depth.
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1.INTRODUCTION

A large class of N-nitroso compounds (NOC) with a
common functional >N-N=0 group are referred to as
nitrosamines1. Nitrosamines are a type of mutagenic
and carcinogenic pollutants that are produced when

secondary amines, amides, carbamates, compounds of

urea with nitrite, and other nitrogen-containing agents
react with nitrogen in the N(III) state. In some animal
species, nitrosamine compounds are potent genotoxic
agents, and the International Agency for Research on
Cancer (IARC) has categorized some of them as 2A-
likely or suspected human carcinogens 2. The ICH

industry advice M7 (R1) refers to them as "cohort of
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concern” chemicals®. The discovery of nitrosamine
impurities in drug substances and drug products has
triggered major efforts by regulators as well as
industries to reduce nullify or sometimes eliminate
their presence in the drug supply chains. Through the
employment of reagents, catalysts, solvents, or raw
materials during the production process, these
impurities may form and be integrated into drug
substances or drug products. The food we eat, the
water we drink, and even the air we breathe all contain
nitrosamines * but the drugs that contain such
impurities only add a little to a basal exposure which
we all already have. To identify and quantify these
contaminants using validated analytical procedures, it
is necessary to use highly sensitive equipment that can
detect these impurities down to trace level 5. Also, the
challenge in front of industries and regulators is how to
prevent their formation in the formulation and choose
the excipients that have no or very low nitrate or
additional excipients that will not allow the formation
of Nitrosamines in the formulation. How to assess and
mitigate the risk is an ongoing exploration by the

scientists.

Since 2018, many batches of pharmaceutical medicines
have been taken off the market because of nitrosamine
contaminants in excess of what is considered

6. It was found that a number of

acceptable
pharmaceutical drugs such as ranitidine, nizatidine,
metformin, and angiotensin-II-receptor antagonists
(ARB) like irbesartan, losartan, and valsartan contain
unsafe amounts of cancer-causing and mutation-
causing contaminants of N-Nitrosodimethylamine
(NDMA) and N-Nitrosodiethylamine (NDEA)4. This
news prompted pharmaceutical distributors all
around the world to voluntarily recall many lots of
these generic versions of ARB products’. FDA
requested that all ranitidine medications be pulled off
the market in the United States as of April 1,2020, after
learning in September 2019 that several popular
products for heartburn (ranitidine, in products like
Zantac, and nizatidine) were unsafe. Additionally,

testing by the FDA in May 2020 revealed that some
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batches of extended-release metformin formulation

had NDMA levels above the Agency's suggested
tolerable consumption limit compelling the FDA to ask
the named applicants to voluntarily recall certain
batches ofthe said productand FDA advised companies

onthe best course of action °.

The following are some general and root causes of

nitrosamine formation *, .

o Use of sodium nitrite (NaNO2), secondary,
tertiary, or quaternary amines, or other nitrosating

agents underacidic circumstances.

{ Contaminated raw materials used in the
production of active pharmaceutical ingredients
(API).

o Utilization of recycled materials, including

catalysts, reagents, and solvents.

o Contamination is caused by cross-processes
thatuse the sameline.
o Starting materials, intermediates, and drug

compound production methods.

{ This might also happen while a finished
productisbeing created or stored.

o Processes involving beginning materials,
intermediaries, and drug substances: This could
also occur while creating a final product or while it

isbeing preserved.

o Use of packaging materials: Nitrocellulose
found within the lidding foil and printing ink
containing dimethylamine and diethylamine, or
diethylamine can react to form Nitrosamines e.g.,
dimethylformamide DMF, N-nitrosodiethylamine
NDEA.

o Nitrocellulose acts as a nitrosating agent for

secondary amines, present in printing inks,






