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INTRODUCTION

Nitrosamines, are a type of chemical molecule that contains
a nitroso functional group linked to an amine (Fig. 1) and gene-
rally found in drinking water, beverages, tobacco smoke,  cos-
metics and foods such as cured and grilled meats, dairy products
and vegetables [1]. Since the active substance valsartan (an
antihypertensive agent that functions by preventing angiotensin
II, a blood pressure-regulating hormone, from binding to its
AT1 receptor) was discovered to be affected by N-nitrosodi-
methylamine (NDMA), the German Regulatory Agency (BfArM)
and the European Medicines Agency (EMA) suspended the
marketing authorizations for generic versions incorporating
valsartan from Zhejiang Huahai Pharmaceutical (ZHP) in July
2018. Considering that it is exceedingly harmful, specifically
to the liver, as well as being demonstrated in preclinical studies
to be cancerous, the International Agency for Research on Cancer
(IARC) ranks NDMA as 2A, asserting that it is most likely
carcinogenic to humans [2]. As depicted in the reaction below
(Fig. 2), nitrous acid is a precursor in the synthesis of nitro-
sating agents and then transformed to the active nitrosating
species.
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Fig. 1. General pathway depicting the formation of nitrosamines as a result
of nitrosation of secondary amines

Nitrosamines necessitate metabolic activation to manifest
mutagenic and carcinogenic impact as a consequence of their
intrinsic stability at physiological pH. Cytochrome P450-
dependent enzymes predominantly trigger metabolism by per-
forming either a transient α-hydroxylation leading to transitory
removal of an aldehyde or processive α-hydroxylations, which
result in the generation of a nitrosamide. These processes gene-
rate extremely reactive carbocations or diazonium molecules
capable of alkylating biological macromolecules such as DNA,
RNA and so forth [3].

Considering escalating concerns about the nitrosamine
contamination in medicines, nitrosamine production mech-
anisms and procedures for achieving meticulous control limits
have been reported. Nitrosamines in medicaments can be traced
back to the API production process, an interaction between
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the API and reactants or poor storage settings [4]. Several drug
recalls have happened given the existence of such nitrosamine
drug substance related impurities (NDSRI’s), this definitely
needs a thorough strategy to prevent the formation of these
impurities during synthesis and manufacture of the API and
drug product as well as during packaging and storage [1]. To
supplement other recent publications, we focus on the likely
causes of nitrosamine production in this article. A systematic
review of case studies specific to drugs which are used for
long-term therapy in the pharmaceutical realm is emphasized.

Plausible sources of N-nitrosamine origination:
Following the investigation of nitrosamine impurities in medi-
cinal products in 2018, international regulators have required
manufacturers and companies to assess the risk of nitrosamine
contamination in their products [5]. Following the Article 31
complaint in regards to sartan medications, one API manufac-
turer alerted European Directorate for the Quality of Medicines
(EDQM) that NDMA was confirmed in certain batches of their
pioglitazone API, alongside valsartan from another API vendor.
According to QWP and other advisors, a significant proportion
of the causal factors serve as a reminder that repercussions can
be massively diminished by rigorous computational modelling
of design space, appropriate process innovation and sophis-
ticated technological methods, which should be supported by
appropriate N-nitrosamine standards in the final product to
confirm that the medicinal product used by the individual is
safe for consumption.

The European Medicines Agency (EMA) advised marketing
authorization holders on how to examine prospective likelihood
of aforementioned impurities in drug products. EMA warned
MAHs in its wise counsel that it had unearthed an array of causal
factors that opened the floodgates of nitrosamine emergence
and contamination, which has been extensively discussed (Fig. 3).

Synthesis of APIs: Nitrosamine impurities have been
reportedly produced amidst processing of active ingredients
in the presence of specific raw materials and ancillary subst-
ances. EMA states that contaminants may not be entirely removed
subsequently in the manufacturing process, despite subsequent
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Fig. 3. Schematic diagram representing possible sources that pave the way
for nitrosamine formation in pharmaceuticals

quality control steps. The incorporation of nitrites during API
synthesis coupled with sec./tert.-amines may result in the form-
ation of nitrosamine. sec-Amines are seldom found in the
chemicals and reagents. Commonly used bases such as diiso-
propyl-ethylamine may contain tert.-amines. Nitrosamines
might be generated if compromized starting ingredients, inclu-
ding intermediaries supplied by suppliers, are implemented.
Some of the drug classes in which these impurities were found
to be present upon recalls are sartans (losartan, valsartan), anti-
diabetics (pioglitazone, metformin), antacids (ranitidine) and
a few antibiotics (doxycycline).

Catalysts: Catalysts namely triethylamine hydrochloride
and others have been identified as N-nitrosamine precursors
such as N-nitrosodiethylamine and N-nitrosodibutylamine.
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Fig. 2. Enzyme and non-enzyme mediated degradation of N-nitroso compounds

Vol. 35, No. 4 (2023) Nitrosamine Impurities: Assessing Concerns through Case Studies: A Review  795



NDEA formation (Fig. 4) was measured by scientists using a
gas chromatographic technique for di- and trihydric phenols,
in addition to various phenols of natural origin. Interestingly,
a number of naturally occurring phenols have been demons-
trated to lead to the emergence of NDEA under alkaline condi-
tions, which can result in the ambiguous nitrosamine generation
revealed upon analysis.

NDMA:
N

O
Heat/

hydrolysis
NH

NaNO2/HX
N N

O

NDEA: N N N

O
NaNO2/HX

Fig. 4. N-nitrosamine generation and its route of formation

Excipients: Nitrates and nitrites are common nitrosating
impurities found in most excipients in parts per million concen-
trations. Excipients that contain trace levels of nitrate or nitrite
impurities include sodium starch glycolate (reported organic
impurity was found to be 0-140 ppm), poly(vinyl pyrrolidone)
and Lactose Fast Flo® [6].

For instance, Sluggett et al. [7] highlighted an unanticipated
N-nitrosation reaction when propranolol-excipient blends were
stored in a stability chamber with saturated sodium nitrite to
regulate relative humidity. In this situation, it is hypothesized
that N-nitrosamine derivatives are formed by nitric oxide evap-
oration from an aqueous nitrite solution towards the container’s
orifice, accompanied by diffusion into the solid drug or drug-
excipient combination and subsequent interaction of NOx with
sec.-amine. It is actively urged to adopt moisture controlled
chambers or alternate salt solutions for humidity control during
accelerated stability investigations of sec.-amine containing
medicines.

Solvents: Solvents, reagents and catalysts such as dimethyl
formamide, triethylamine, triethylaminehydrochloride and
N,N-dimethylaniline (N,N-DMA) have been reported in litera-
ture to produce nitroso compounds when blended with sodium
nitrite in the same step or sub-step of an API production process
[8]. Nitrosamines may expected to be produced by hydrolytic
and/or thermal degradation of solvents and subsequent N-
nitrosation of the released sec.-amine [8].

Solvents namely dimethylformamide (DMF) and N-methyl-
pyrrolidone (NMP) are the antecedants of amines likely to
succumb to N-nitrosamine formation in the case of sartans [9].
Nitrosative dealkylation could lead to the formation of NDEA
from the solvent/reagent triethylamine. Recently, NDMA was
shown to be a disinfection side-product of chloramination and
to a lesser extent, chlorination [10,11]. Anion-exchange water
treatment can also result in the formation of NDMA [9].

Packaging materials: A novel underlying cause of NDMA/
NDEA contamination of pharmaceutical products was recog-
nized and reported to authorities in September 2019. The inter-
action of nitrocellulose present in lidding foil with printing

ink resulted in the formation of N-nitrosamines, which were
transmitted to finished piece through vaporization and liquif-
action on the final product during the thermosealing blistering
procedure [12]. According to Balser et al. [5], the deflagration
temperature of plasticized nitrocellulose chips, for example,
exceeds 180 ºC, causing the formation of various nitrogen
oxides throughout thermally induced decomposition.

Axiomatically, the initiation of N-nitrosamines is linked
to a pivotal chemical combination that previously considered
to be legitimate, i.e. the concomitant inclusion of 2º or 3º amines
in printing ink and nitrocellulose as a nitrosating agent in the
lidding foil during printing [12]. Given that nitrocellulose is
commonly used as primary packaging in the pharmaceutical
domain, marketing authorization holders must scrutinize this
causative factor for their medicinal products packaged in blisters,
according to literature [1,13,14].

Storage: NDMA levels in ranitidine and nizatidine products
are majorly influenced by storage duration and temperature,
unlike NDMA pollution in sartan drugs. Based on the experi-
mental findings by Abe et al. [15], it was concluded that raniti-
dine decomposes on heating and that NDMA is generated during
headspace equilibration. Furthermore, the percentage of NDMA
freshly generated during storage in the hermetically vacuum
sealed vial to prevent moisture penetration, was significantly
lower as compared to the closed and open ones. This suggests
that exposure to the environment as well as high-temperature
settings prompt the generation of NDMA (ranitidine in this
case).

The aforementioned major determinants of nitrosamine
infiltration may indeed originate within the same API produ-
ction. As a result, several tactics may be required to uncover
all probable sources of contamination. Analytical procedures
employed to ascertain API integrity and established conta-
minants are unlikely to identify the existence of nitrosamine
impurities. Furthermore, every source of failure may culminate
in varied nitrosamine levels in different batches using the same
process and API vendor, with contamination occurring in a few
[16]. To delve greater depth into this subject matter, we have
comprehensively presented case studies involving therapeutic
drugs in which regulatory authorities acknowledged nitrosa-
mine production and set interim limits for the acceptable intake.

Structural alerts: Prediction of nitrosamine impurity
based on structure: Nitrosamines are contaminants formed as
a result of preferential chemical moieties present in the analyte/
API or reagent in a favourable environment such as pH of the
reaction medium, dissociation constant of the molecule, acidity
or basicity of the molecule [17]. The most susceptible molecules
have been documented as those that contain sec.-amine (atenolol),
tert.-amine (ranitidine), primary amide, sec.-amide, twisted
tert.-amide and some heterocyclic compounds that do not
contain amine as a functional moiety but contain nitrogen as a
hetero-atom (Fig. 5).

Secondary amine: Nitrosamine formation in sec.-amine
proceeds only when the amine is protonated; nitrosamine form-
ation does not occur if the amine is not protonated [17]. Amine
protonation is accomplished through a nucleophilic substi-
tution process. As a result, the reactivity of sec.-nitrosamine
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Fig. 5. Functionalities or “structural alerts” that pave the way for nitrosa-
mine formation

will favour less basic amines; also, the basicity of the compo-
und determines the rate of nitrosamine synthesis.

Tertiary amine: Aliphatic tert.-amine undergoes the nitro-
sation by nitrosative dealkylation, in which at least one proton
at α-position to amine nitrogen activates further nitrosation
via iminum intermediate. Nitrosamine synthesis also arises in
cyclic tert.-amines via the ring opening mechanism [17,18].

Tertiary amine containing nitro group (e.g. ranitidine):
Generally, tert.-amines are less reactive to the nitrosamine
formation than sec.-amine, however, nitro group substitution
within the molecule may result in the formation of nitrosamine
under environmental impact [17]. Ranitidine is one such
example, which is composed of both the above functionalities.
Under the influence of environmental temperature, an inter-
molecular interaction occurs in which the nitro group from one
molecule and the tert.-amine from another molecule combine,
giving rise to NDMA.

Quaternary ammonium salts: Quaternary ammonium
salts are not directly nitrosated; instead, they must undergo
non-nitrosative dealkylation, which produces nitrosable tert.-
amine, which is then nitrosated. As a result, quaternary ammo-
nium salts are of the least concern [17,19].

Tertiary amides: tert.-Amide, like tert.-amine, does not
immediately undergo nitrosation. They must first be hydrolyzed,
which produces sec.-amine and carboxylic acid. In a subse-
quent procedure, the formed sec.-amine will easily undergo
nitrosation, yielding nitrosamine impurity. For an extensive
insight on the implications posed by structure/functionalities
on the probability of nitrosamine formation, one may refer to
the extensive study by Snodin [20], which indicates how in silico
tools shall favourably be employed to predict the formation of
nitrosamines, be it a structure-drawing program by Lhasa Ltd.
or Loadscope (ICH M7 suite) to name a few.

Furthermore, Ponting et al. [21,22] proved that the carci-
nogenic potencies of N-nitroso compounds and nitrosamines
as chemical classes had a log-normal distribution. Following
further investigation, probable structural features were refined
to generate a list of over 80 features encoded as SMARTS/
SMILES.

The reactivity of nitrosamines is also a noteworthy aspect.
There have hardly been a few studies concerning link involving
the same alongwith carcinogenicity of such impurities. React-

ivity, on the other hand, could be determined using a sensitive
and quantitative approach, such as HR-MS [22]. Another segm-
entation strategy involves Bayesian probabilistic modelling,
which pairs existing information with SARs and biomarker or
metabolic data to provide a possibility to prediction; such a
strategy might facilitate categorization [23].

Benzylic nitrosamines are somewhat more sterically
inhibited than simple nitrosamines; this may be associated with
enhanced potency because the benzylic position is particularly
reactive due to conjugation with the aromatic system, which
improves metabolism [24]. To add, benzylic nitrosamines,
particularly N-nitroso-nornicotine, are commonly categorized
as tobacco-specific nitrosamines.

Compounds containing carboxylic acids in any form are
frequently toxic for reasons other than those surrounding the
nitrosamine; rather, the acid changes the physico-chemistry
and pharmacokinetics entirely [25-27]. For instance, carboxylic
acid containing compounds are often firmly linked with plasma
protein, that might lower the exposure and hence the ability
for a high enough rate of mutation to overcome damage control
and eventually trigger tumour growth. Additionally, since the
substance is significantly more hydrophilic, the possibility of
it being hydroxylated is diminished significantly [28,29]. This
conjunction of enhanced plasma-protein association and greater
clearance has been found to significantly reduce medication
bioavailability and, as a result, efficacy.

Monitoring the impact of each structural attribute simult-
aneously and autonomously, whilst factoring in the combinations
of features present and reducing the impact of multiple testing,
can be utilized to garner statistically significant validation of SAR
methodologies to the discrepancies in potency among various
structural sub-groups of nitrosamines [30].

Case studies

Source: Raw materials during API manufacture

A. Reagent: Sartan drugs (Angiotensin II Receptor Blockers)
Valsartan, losartan, irbesartan and other sartan drug comp-

ounds are the category of angiotensin receptor blockers (ARBs),
which alleviate elevated blood pressure and congestive heart
failure [31]. They function by inhibiting angiotensin II that
constricts blood vessels and increases blood pressure. They
contains biphenyl tetrazoles, where the tetrazole ring neces-
sitates the inclusion of azide reagents. To eliminate excess solvents,
sodium nitrite is used, which produces nitric acid in an acidic
medium. Nitrosamines are formed when the required solvent
(DMF) reacts with the formed nitrous acid. The substitution
of tributyl tin azide for sodium azide reduces the formation of
nitroso impurities in valsartan (Fig. 6) [4]. Irbesartan, like
valsartan, is an angiotensin receptor blocker with tetrazole ring
in its structure. As a result of tetrazole ring synthesis, a nitro-
samine impurity, NDEA, is formed.

Nitrosamine genesis was precipitated by the reaction of
sodium nitrite as common NOx with numerous sec.- and tert.-
amine sources, as documented in the CHMP assessment report
[8]. There are two distinct pathways for the production of N-
nitrosamine [3], which are categorized as follows:
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(i) Hydrolytic/thermal decomposition of the solvents DMF
and NMP to generate DMA and MBA, followed by N-nitro-
sation to produce NDMA and NMBA.

(ii) N-Nitrosative dealkylation of trialkyl amines TEA,
DIPEA and N,N-DMA, resulting in the formation of NDEA
and NMPA; hydrolytic dissociation of TEA·HCl, resulting in
TEA, followed by N-nitrosative dealkylation, resulting in NDEA.

B. Solvent

NDMA was found amongst certain pioglitazone hydro-
chloride (anti-diabetics) samples, the first case for a non-sartan
medicament. Although NDMA remnants discovered were less
than the established limit for this impurity (96 ng/day), no recalls
of the affiliated pharmaceutical products were spearheaded.
Regardless, the manufacturing routes of all pioglitazone sources
in the EU were tested for N-nitrosamines.

Utilization of sodium nitrite and hydrogen bromide in an
early step of the process, accompanied by DMF and HCl in a
later step, was the preliminary root cause of nitrosamine forma-
tion (Fig. 7). This potential cause necessitates the adminis-
tration of sodium nitrite or perhaps some nitrosating agent
(NOx) in several steps prior to the introduction of DMF. Use
of NDMA-contaminated solvents (e.g. DMF) were also sought.
It was determined that NDMA generation can be circumvented
by substituting DMF as nitrosatable solvent with a non-nitro-
satable solvent as modification methodology [5].

C. Reagents

Metformin (anti-diabetic agents): Metformin is an anti-
diabetic medication utilized as a first-line oral glucose-lowering
agent in the treatment of type 2 diabetes [32]. It diminishes the
gluconeogenesis in liver, either directly or indirectly and incre-
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N
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N H
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(Amine nitrosated

by NOx)

Fig. 7. Critical compound combination culminating in N-nitrosamine
formation in pioglitazone HCl

ases glucose uptake, GLP-1 and modulates the flora in stomach.
In late 2019, FDA discovered some extended-release metformin
drug products containing unacceptable levels of NDMA [32-
34].

Metformin is synthesized using the key reagents dimethyl
amine and dicyanodiamide [35]. Dimethylamine remains in
the final product and is used in the development of drug products.
According to the European Pharmacopoeia, the limits of residual
dimethyl amine in metformin monograph are 0.05% (500 ppm)
in API. NDMA in metformin products may be attributed conta-
mination during API production (because only a few batches/
brands exceed the acceptable NDMA standards). Residual DMA
is carried forward in the dosage formation process (Fig. 8), as
amine precursor source in the synthesis/formation of N-nitroso
dimethyl amine [1,31,33].

Rifampin (antibiotics): Rifampin, alternatively referred
to as rifadin, rimactane and rifampicin, is perhaps the most
effective antibiotic in clinical usage for the treatment of tuber-
culosis [14,32,34]. They come under the rifamycin class, parti-
cularly ansamycins, comprising a macrocyclic ring bridged
spanning two non-adjacent positions of an aromatic nucleus.
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Fig. 6. Synthetic scheme for valsartan API
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Rifampicin is synthesized using rifamycin B; Mannich
bases of rifamycin SV are formed by reacting formaldehyde
with a lower alkyl, cycloalkyl or hydroxy-alkylamine. One may
generate 3-formyl rifamycin SV, any of these Mannich bases
is oxidized using a mild oxidizing agent such as alkyl nitrites
(in this example, isoamyl nitrite). Subsequently, the reaction
with 1-amino-4-methylpiperazine (AMP) produces rifampicin

[14]. Alkyl nitrites can be hydrolyzed to produce free nitrites,
which can then react with AMP to yield 4-methyl-1-nitroso-
piperazine (MeNP) (Figs. 9 and 10). Atmospheric oxygen can
oxidise hydrazine derivatives like AMP to nitrosamines, culmi-
nating in MeNP [36].
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Fig. 9. Synthesis of 4-methyl-1-nitrosopiperazine-rifampicin

Rifapentine: Rifapentine is another antibiotic in the
rifamycin class, which is prescribed to treat tuberculosis [14].
It inhibits the activity of DNA-dependent RNA polymerase in
susceptible cells. The Food and Drugs Administration (FDA)
received a grievance from a license holder in May 2020 stating
that a specific batch of rifapentine drug component comprised
1-cyclopentyl-4-nitrosopiperazine (CPNP) [31].
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CPNP contamination in rifapentine can emerge when nitro-
sating agents (incorporated during the manufacturing stage)
react with 1-cyclopentyl piperazine (Fig. 11). The prevalence
of CPNP toxicophores (structural and toxicological links)
suggests that these nitrosamines are far less oncogenic than
NDMA [31].
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Fig. 11. Possible root cause behind nitrosamine formation during rifapentine
synthesis

Streptozotocin (anti-cancer): It is a naturally occurring
alkylating antineoplastic agent used in the treatment of some
malignancies of the islets of Langerhans. Its structure is similar
to that of nitrosamines and the generation of reactive oxygen
species induces higher levels of superoxide, nitric oxide and
lipid peroxidation, all of which cause DNA damage in strep-
tozotocin-induced cellular injury [37].

Because of their structural similarity to streptozotocin (Fig.
12), de la Monte & Tong [37] investigated the role of nitrosa-
mines in causing cellular damage and disease by functioning
as an alkylating agent, mutagen and inducer of DNA adducts,
single-strand DNA breakage and the emergence of nitric oxide,
superoxide anion, H2O2 and OH radicals. NDEA can trigger
molecular and metabolic abnormalities in post-mitotic CNS
neurons that are similar to the effects of streptozotocin therapy
and Alzheimer’s disease neurodegeneration [37].

O

OH

HO

OH

N
H

N

O

N

O

Streptozotocin

Fig. 12. Structure of streptozotocin

Molsidomine (vasodilators): Molsidomine is a nitro-
vasodilator that is prescribed for the long-term prevention of
angina pectoris, left heart failure and acute myocardial infar-
ction [38]. Since nitric oxide donor has a morpholine contain-
ing component, N-nitrosomorpholine was formed (N-Mor).
The primary source must be nitrite leftover from manufacturing
or a nitrosating substance from tablet excipients. As a result,
the interaction with traces of morpholine, a previously described
impurity E of molsidomine, is observed (Fig. 13) [38]. The
examined molsidomine product was not withdrawn during the
quantitative analysis because it was still within its expiration
date range. As a result, the formation and evaluation of N-nitro-
somorpholine should be highlighted.

ON-
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N-nitroso-morpholine

Fig. 13. Structure of the nitric oxide donor molsidomine

Aminophenazone (analgesics): In 1977, the German
Bundesgesundheitsamt recommended that aminophenazone
(amidopyrine) preparations be withdrawn from the market [39].
Revelation of substantial NDMA residues amongst amino-
phenazone batches prompted the termination from the market.

Aminophenazone has a non-aromatic pyrazolone ring present
at the 4-position with dimethylamine group. Hydrolytic degra-
dation produces 4-hydroxypyrazol-3-one derivative as well
as the release of DMA [40,41] (Fig. 14). The formation of
NDMA must be anticipated if NaNO2 carryover from the
preceding manufacturing step occurs. The withdrawal from
the market was associated with the discovery of significant
NDMA contamination in API batches (up to 340 ppb). A pre-
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liminary recommendation to incorporate ascorbic (antioxidant)
to avert the nitrosation and nitrosamine genesis was over-ruled
[5].

Ranitidine (histamine H2 receptor antagonists): Though
NDMA was detected to be present beyond reasonable standards
in several ranitidine medicines, however, there are conflicting
theories about the source of the impurity, the CHMP evaluated
ranitidine medicines and recommended a precautionary
suspension of all ranitidine products in the EU [42]. The gradual
occurrence of NDMA in ranitidine is being investigated as a
possible root cause, but it is unclear whether this impurity can
also be derived from ranitidine in gastric fluid once the drug
is released from the dosage form and interacts with nitrite-
containing food components [8].

A potential reason is the emergence of NDMA during chlor-
amination, which follows a four-step process. In terms of
generating NO+, monochloramine (NH2Cl) is preferable to
dichloramine (NHCl2) (Fig. 15). Because ranitidine is suscep-
tible to degradation, storage conditions are likely to be critical
in contributing towards the formation of nitrosamine impurities.
Ranitidine degrades rapidly in the presence of heat, humidity,
light and oxygen [3,5,36,43].

Nizatidine: Nizatidine is a thiazole derivative of ranitidine,
its mechanism of action is similar to other H2-antagonists, just

like its receptor selectivity. Replacement of imidazole ring with
a thiazole moiety enhances the potency and selectivity of H2-
antagonism and curbs cytochrome and renal secretory drug
interactions [1].

It has been hypothesized that nitrosation of this drug may
be attributable to the dimethylamino functional group (Fig.
16). The amount of nitrosamine present in this drug has been
found to be less than ranitidine, attributing to the thiazole being
less electron rich than the furan substitute in ranitidine. More-
over, since ranitidine exists in hydrochloride salt form, it is
more likely to undergo nitrosation as compared to free base
form of nizatidine [1].

Other case studies

The following cases are some of the latest drug products
wherein nitrosamine impurities are found to be present (Fig. 17):

(i) Fenfluramine is a selective serotonin reuptake inhibitor
(SSRI) that elevates serotonin concentrations in synapses in
the brain to reduce calorie consumption. Fenfluramine-induced
anorexia and weight loss have been documented in a variety
of early therapeutic trials. Adachi et al. [44] reported a series
of cases with liver damage with serious health repercussions
(one patient underwent liver transplantation and another died)
caused by the consumption of Chinese weight-loss nutraceutical.
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N-nitroso-fenfluramine was present in this herbal medicine
supplement.

(ii) Varenicline is a prescription medicine used to help in
smoking cessation. It is a partial agonist of nicotinic acetyl-
choline receptor α4/β2 sub-type [45]. The FDA discovered
amounts of N-nitroso-varenicline over the FDA’s permitted
intake limit in several samples of varenicline finished products.
All CHAMPIX (varenicline) batches were discovered to contain
concentrations of N-nitroso-varenicline above the EU-set per-
missible level of consumption and were subject to recall.

(iii) Orphenadrine is a muscarinic antagonist which is
used to alleviate discomfort associated with acute inflammatory
musculoskeletal disorders in conjunction with rest, physical
therapy and other interventions. However, the presence of N-
nitroso-orphenadrine, the most recent recalls [46] have been
concentrated on Orphenadrine Citrate ER Tablets.

Role of antioxidants in preventing nitrosamine form-
ation: According to previous research [30,47], high levels of
nitrite in free form (mg/kg) have been identified in cosmec-
euticals containing 0.01% bronopol as preservative (Fig. 18).
The amount of nitrite moiety in such preparations that encom-
pass antioxidants has been substantially lowered, owing to
antioxidants’ ability to complex free nitrite. Nitrite levels are
significantly higher in pharmaceuticals with α-tocopherol
(vitamin E) than in those containing butylated hydroxy toluene-
an antioxidant, but suppression of nitrosation is similarly effic-
ient. One may concluded that α-tocopherol hinders nitrosamine
formation more pertinently by inhibiting the nitrosation reaction
via free radicals rather than nitrite complexation [47].

HO
OH

Br N

O
O

Fig. 18. Chemical structure of bronopol

To be efficacious in both phases, cosmetic preparations
constitute both hydrophobic and hydrophilic nitrosation
inhibitors [30]. Among the oil-soluble inhibitors include ascorbyl
palmitate, ethoxyquin, tocopherols, butylated hydroxytoluene/
hydroxyanisole (BHT/BHA). Magnesium ascorbyl phosphate,
ascorbic acid, sulfamic acid, sodium citrate and perhaps other
antioxidants are sources of water-soluble inhibitors [47].

Carcinogenicity and mutagenicity potential of nitro-
samine impurities: N-Nitrosamines pose a risk of being cancer
inducing in nature, with a wide range of potency encompassing
the most and least potent nitrosamine [48]. Those possessing
animal data are designated as IIA/B by IARC. Presently, merely
a few tobacco-based nitrosamines are categorized as class I,
despite a dearth of adequate substance-specific human data.

N-Nitrosamines must be metabolically activated to form
alkydiazonium ions, forerunners of electrophiles that adversely
interact with genetic material [15]; their emergence is dependent
on the type of N-nitrosamine in question and is associated by
metabolic activation by α-hydroxylation.

Different nitrosamines and metabolites may induce an array
of DNA lesions. Recently, tobacco-specific N-nitrosamines
namely N-nitroso-nornicotine (produced during tobacco curing
and processing) and nicotine-derived nitrosamine ketone
(NNK) have gained interest by the scientific community, which
are regarded human carcinogens by IARC [49]. In vivo, NNK
is predominantly activated by cytochrome P450 to intermediates
that cause DNA pyridyloxobutylation and methylation as well
as single strand breaks [5,33,48,50].

Moreover, nitrate exposure and food intake are substan-
tially ubiquitous than nitrite exposure and intake due to its
prevalence and utility in agriculture. Extensive studies have
revealed that nitrate undergoes reduction to nitrite in the mouth,
which subsequently combines with gastric acid to form nitrous
acid and rapidly nitrosate nitrogen molecules. A fraction of
nitrate that circulates in the bloodstream is converted to nitrite
in saliva. The amount produced by this later pathway is typi-
cally greater than that produced by the swift nitrate reduction
upon ingestion [17,30].

Conclusion

Since 2018, the structural approach concerning nitrosamine
control and awareness in the pharmaceutical realm has shifted
radically. To prevent unwarranted risks, marketing authori-
zation holders (MAHs) and regulatory agencies continue to take
measures to address concerns about nitrosamines. Analytical
agencies worldwide should emphasize upon testing proce-
dures to ascertain positive findings are recognized prior to
market release and to eliminate foreign contamination. After
the thoughtful consideration of patient safety and statutory
practical prerequisites, Committee for Medicinal Products for
Human Use (CHMP) affirms on imposing limits for individual
nitrosamines in medicines premised on ICH M7 principles
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(guidelines on “cohort of concern” substances) and determined
based on a lifetime daily exposure is the safest bet. This would
assure a steady distribution of pharmaceuticals, along with
unequivocal and predictable decision-making. Suitable control
strategies and the design or customization of production proce-
sses may be critical in mitigating these contaminants.
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