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Abstract Introduction Results and Discussion

Since 2018, various types of nitrosamine impurities have been found in  ® Low resolution mass spectrometers (MS) with single or triple L C-HRMS Platform for Nitrosamine Detection and Quantitation - DMF and NDMA also have similar fragmentation patterns when subject
several medicines. Because most nitrosamines are probable or possible quadrupole mass analyzers have been predominantly used for the — to MS fragmentation.
human carcinogens, the FDA developed and validated multiple mass detection and quantitation of trace level N-nitrosamines. HRMS conditions . Quantitation by low resolution MS generally employs a multiple reaction
spectrometry based analytical methods to test the affected drug products « ‘MS resolution’ measures the ability of a mass spectrometer to lonization: ESI or APCI monitoring scan (MRM) which selectively detects an analyte by scanning
and identify batches with unacceptably high levels of nitrosamines. Among differentiate two ion peaks with slightly different mass-to-charge ratios Scan conditions: the transition of the parent ion to a specified fragment. DMF interferes
these methods are those based on liquid chromatography-high resolution (m/z). A resolution of > 10,000 is considered high resolution mass » Mode: Selected ion monitoring (SIM) or product ion scan (MS2) with the MRM transition for NDMA (m/z 75.1 — 43.1) when both
mass spectrometry (LC-HRMS), a novel analytical technique for spectrometry (HRMS) (ref. 2). = Resolution: 60,000 or 70,000 for SIM scan, and 35,000 or 45,000 compounds are present in a sample, and are not chromatographically
quantitation In a regulated environment. These LC-HRMS methods are B S for MS2 scan separated, leading to false positive results of NDMA. (Figure 4)
capable of detecting and quantitating as many as eight different A b ) | | Monoisotopic |
nitrosamine impurities in various drug products with quantitation limits as m P R =100 Nitrosamine mass (Da) Scan polarity Scan mode Figure 4. 26 ng/mL “NDMA” (false positive)
i : , R _— e o —— R =15.000 Sample: 26 ng/mL 30 ng/mL ] ]
low as 0.005 ppm (0.005 ug of nitrosamine per gram of API). The high i Am (FWHM) ix f\ ’ NDMA 24,0480 (+) MS2 of m/z 75.0553 “NDMA” NDMA standard is found in a valsartan drug product sample
selectivity has allowed for the differentiation of nitrosamine-like impurities i — e MU g | ' containing both DMF and NDMA by MRM
from actual nitrosamines, ensuring the reliability of test results. These LC- NDEA 102.0793 (+) SIM of m/z 103.0866 (m/é 75-1| — 43.1) pterforTed(O” 2 t_”'ple
i ines i NEIPA 116.0950 + MS2 of m/z 117.1022 quadriipo’e Mass spectrometer {resofution =
rl;luF\;]I\éIrSe drgeg;ogiuhavem%eja l:cs)isd ;?1/ dthﬁa\ljeDglgg Sesgnforu?ﬁ;%zzmg;]esﬂzg Figure 3. A: MS Resolution (R) can be expressed as %, where Am is the width of *) ‘ 7500), while only 1 ng/mL of NDMA is
Agency’s website %Op rovide method development examp les for industr the 1on peak at a height which is a specified faction of the maximum peak height NDIPA 130.1106 (+) SIM of m/z 131.1179 actually present in the sample
g y P ) P _ ) P _ _ y: (IUPAC, USP <1736>). B: the mass spectrum of insulin is observed as a group of NDPA 130.1106 (+) SIM of m/z 131.1179
Applying LC-HRMS techniques to evaluate nitrosamine contamination separated isotopic ion peaks at a resolution of 15,000, but as a single ion peak at a NMPA 136.0637 +) SIM of miy 137 0709
exemplifies the benefit of adopting modern analytical techniques to meet resolution of 1,000. ' '
regulatory needs. - NDBA 158.1419 (+) MS2 of m/z 159.1549
e TOF and Orbitrap are the most common mass analyzers for HRMS. NMBA 146.0691 ) SIM of m/z 145.0619
_ Mass Analyzer  TOF (time of flight) Orbitrap . HRM$ resol_vgs the >N isotopic ion peak of DMF (m/z 75.0&'?70) from the
| N t ro d U Ct| on — 30,000 — 40,000 500,000 Data Processing lrjno(;molsotodplc |don of N'DMAd (mI/z 7_5.(|)55?3) h(FIgL-JI’e 53:, aII0W|1r:1g N[E)I\KI/IAI\: to
. . e detected and quantitated selectively without interference from .
. . . . Mass Range (m/z) Up to 100,000 Up to 8,000 Extracted ion chromatograms (EIC) of the m/z values in the table are G Y
* N-Nitrosamines are probable or possible human carcinogens and belong e —— <3 <3 verformed with a mass extraction window of +/- 15 ppm
to a ‘cohort of concern’ as defined in ICH M7 (ref. 1). Contamination by _ _ _ _ 13C?slzlt|:)pe 750633 Figure 5. Mass spectra of a
N-nitrosamines has led to recalls of ARB drugs and metformin as well as (ref. 2with update; resolution varies depending on the actual model) Nitrosamine m/z to be extracted  Nitrosamine  m/z to be extracted LR R = 15,000 Saf;‘pgmclf”ta'”'_”gd botthd_';':DMAt
market withdrawal of ranitidine. NDMA 75 0553 NDPA 131.1179 Sl s an acquired at dirreren
g » HRMS provides enhanced selectivity, accurate mass measurement for \DEA 1050866 NMPA 127 0700 e S S s “]fsg'l\‘jltléons-/ Tf;%lgg;gompg
o 4 [ X, chemical structure elucidation, high sensitivity in full MS acquisition, | | fﬁa I\(I)DM A (m/2 oD ) ank
. | | | romm nd all retr s e sl 103.0866 or e monoisotopic pea
datsaran fowammtin | ypesaran B " ana allows retrospectve analysls. NEIPA 75.0553 NDBA (m/z 75.0553) are resolved at a
s Tablets USP s il 57.0703 75.0553 75.0570 '
=S| I | ' R = 45,000 HoSclution of 45,000 (bottom),
A - d | . ..;:3——' P - M ater | al S NDIPA 131.1179 NMBA 145.0619 NDMA DMF - but remain_as one broad ion peak
ARB (Angiotensin Il receptor blockers) Ranitidine (Zantac) Metformin Asoens j)i at a resolution of 15,000 (top).
(blood pressure medication) (treatment of acid reflux) (diabetes medication) LC_HRMS platform haS been used for nitrosamine 75052 75054 ?rigse ' 75058 75060 75062 75064 75066 75068 75070

e HPLC or UHPLC systems

Figure 1. Drugs that were affected by the contamination of nitrosamines,  High resolution mass spectrometer: oD and CO n CI u S | O n
Including ARB, Ranitidine (Zantac), and Metformin * Orbitrap Q Exactive™, HF, or HF-X hybrid quadrupole-orbitrap Application Nitrosamine Analyzed OO Availability

determination in various medicines

e Orbitrap Exploris 480 Valsartan, losartan ~ NDMA, NDEA, NEIPA, NDIPA,  0.003 — 0.01 ppm

. N-Nitrosodimethylamine (NDMA), N-Nitrosodiethylamine (NDEA), oL ol e NDBA. NVIBA 005 pprm EDA Website Anjlytlcaldmeghodshbaszd on LC-HRMS Itec:hnlq_ues hav_e beeq develo_ped
N-Nitroso-N-methyl-4-aminobutyric acid (NMBA) and N-nitroso- cotumns o 0.01 ppr | a?] usea 3|’ th'e - %epcy :]0 S”a 2‘/_ze fnltrosc?mlnes h'”_ VaI’I(::US
methylphenylamine (NMPA) have been found in medications by FDA. ¢ N-nitrosamine reference standards Ranitidine NDMA 0.03 ppm FDA Wehsite pharmaceuticals, highlighting the benefit of modern techniques for

. . o regulatory testing.
Several other N-nitrosamines are also suspected and were screened, , prygsubstances and drug products: valsartan, losartan, ranitidine, Metformin NDMA 0.01 ppm FDA Website

- - - - : 0.03 ppm
mg:ludlng N-_ethyI-N-n|troso-2-p_ropanam|ne (NEI_PA), N-nitroso- metformin, chloroguine, hydroxychloroguine PP R f
diisopropylamine (NDIPA), N-nitroso-di-n-butylamine (NDBA), and Metformin NDMA, NDEA, NEIPA, NDIPA, - 0.001-0.005ppm 0\ \vebsite ererences
N-nitroso-di-n-propylamine (NDPA) : : NDPA, NDBA, NMPA, NMBA  0.005 — 0.02 ppm
ReS U I tS all d Dl SCUSSIONn Chloroquine & NDMA, NDEA, NEIPA, NDIPA,  0.003 - 0.006 ppm In house 1. ICH Guideline M7 (R1) Assessment and Control of DNA Reactive (Mutagenic)
Hydroxychloroquine NDPA, NDBA, NMPA 0.02 ppm
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like impurities from actual nitrosamines (ref. 3 Abuse Testing (2" edition), Academy Press, 2019, 173 - 188
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O\\N \ B— O\\N_N O\\N N / NN 0.1% formic acid in methanol products, has a similar chemical structure and mass as NDMA. of N-Nitrosodimethylamine in Metformin, AAPS J. 2020: 22(4) 89
N % RN — Column Temperature 30-40°C _ _
Flow rate 0.3 - 0.6 mL/min O DMF O y NDMA BIYEENIIEI The ideas, findings, and conclusions in this presentation
NEIPA NDIPA NDBA NDPA | N - . . . .. .
Gradient Suitable for the separation of active ingredient and nitrosamines HJ\N/ Chemical Formula: C;H,NO N—N\ mﬁfg‘i‘gcf)it':?mﬂgs?%r%ﬁ%% have not been formally disseminated by the Food and Drug Administration
_ | | | | Injection volume 3-5 L | Monoisotopic Mass: 73.0528 P o and should not be construed to represent any Agency determination or
Figure 2. Chemical structures of N-nitrosamines. Those in red have been policy.

found iIn tested drug products.
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