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Introduction

Moxifloxacin is a widely used fluoroquinolone
antibiotic and is listed by the WHO as an essential
medicine. Its nitrosamine-related impurity,
N-Nitrosomoxifloxacin (N-MOX), is classified under
EMA CPCA category 4 with an acceptable intake limit
of 1500 ng/day, reflecting its potential genotoxic and
carcinogenic hazard. Accurate quantitation of N-MOX
in Active Pharmaceutical Ingredient (API), placebo,
and final formulations is therefore critical to ensure
patient safety and regulatory compliance. (1,2)

In this study, we present a high-resolution mass
spectrometry workflow employing PRM (Parallel
Reaction Monitoring) on the Agilent Revident LC/Q-
TOF, which leverages accurate-mass full MS/MS
acquisition. The method utilizes end-to-end
optimization from triple quadrupole MRM, including
averaged collision energies and fragment voltages, to
seamlessly transfer the method to Q-TOF PRM,
achieving precise quantitation without false positives.
This workflow is broadly adaptable and can be
extended to other NDSRIs, subject to technical
considerations..

Experimental

Sample Prep

« Tablet Samples: Five 400 mg moxifloxacin tablets
were weighed to determine the average tablet
weight (729.88 mg). The tablets were crushed and
homogenized to obtain a uniform powder.

« APl & Placebo: Accurate amounts of APl and
placebo were used to prepare spiked test solutions
to simulate finished product matrices.

« Test Solution: A target concentration of 1.5 mg/mL
APl was prepared. For T mL of solution, 2.74 mg of
tablet powder (including excipients) was dissolved
to achieve 1.5 mg/mL of API. (2)

N-MOX Threshold Concentration

The N-Nitrosomoxifloxacin (N-MOX) concentration
corresponding to the CPCA Cat 4 Al (1500 ng/day per
400 mg tablet) was calculated to be ~5.63 ng/mL in
the test solution, representing the regulatory decision
threshold for quantitation. (3,4)
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Figure 1. (A) Moxifloxacin (B) N-nitroso moxifloxacin

Figure 2. Agilent 1290 infinity Ill and Revident LC/Q-TOF

LC and MS Parameters

Column Zorbax RRHD Diphenylx
2.1*100mm 1.8u

Gradient Run 16 mins

Mobile Phase A: 5mM Ammonium
formate, 0.5mM NH4F,
0.1%FA in Water
B: Methanol

Injection Vol 5 ul

Polarity Positive

Acquisition mode  PRM

instrument Mode 750 Stable

Capillary Voltage ~ 3000V

Precursor lon 4371.172525

Product lons 3071.7, 386.1, 231.9, 319

Table 1: LC-QTOF Revident parameters.



Results and Discussion

PRM Workflow

MRM transitions for N-MOX were optimized on a triple
quadrupole, including collision energy (CE) and
fragmentor voltage (FragV).

Optimized MRM parameters were transferred to Agilent
Revident Q-TOF PRM, averaging CE and FragV values
across transitions to ensure optimal fragmentation.

High-resolution full MS/MS spectra were acquired for
each precursor, allowing accurate-mass quantitation and
confirmatory fragment verification across API, placebo,
and tablet matrices.
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Figure 3. PRM workflow chart for the method
development

LLOQ, ULOQ and Linearity of N-nitroso moxifloxacin

PRM-based analysis of N-nitroso moxifloxacin showed
excellent linearity with R? = 0.9997 over a wide dynamic
range. Based on CPCA Category 4 (1500 ng/400 mg MDD),
the calculated specification limit for a 1.5 mg/mL test
solution was 5.63 ng/mL. The method achieved a highly
sensitive LLOQ of 12 pg/mL and a ULOQ of 25 ng/mL,
ensuring quantification well below regulatory requirements.
The monitored PRM transition m/z 431.1725 — 301.1
provided high selectivity with no interference from API or
matrix components. Clear chromatographic separation of
moxifloxacin and N-nitroso moxifloxacin confirmed absence
of crosstalk and false positives under high-resolution
accurate-mass conditions.

Figure 4. PRM EIC LLOQ peak
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Figure 5. Linearity of N-MOX, cal range 12.2pg/ml -
25ng/m|
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Figure 6. Chromatographic separation with DAD spectra
of APl and PRM EIS of N-MOX



Results and Discussion

N-nitroso moxifloxacin API, Placebo & Formulation: Quality Control and Recovery data
PRM mode based LOQ, ULOQ, Linearity, Accuracy, and

Recovery data.
Spike Standard
Data File Type |Final Conc.[Accuracy| RT Sample ID Area amount ::rle:r Recovery %
I
PRM_Blank_001.d Blank ng/m
Placebo 192
PRM_Blank_002.d Blank ‘ 0.0122 941 103.93
PRM_Blank_003.d Blank SPLE LUz
N_MOX_STD_0.0122ngml.d Cal | 00703 | 841 [506T Table 3: Placebo spike at LOQ level and recovery data
N_MOX_STD_0.0244ngml.d Cal 0.0221 90.5 |[5.093
QC (3.125 ng/nl) Repeatability and RSD
N_MOX_STD_0.0488ngml.d Cal 0.0544 111.3 |5.081
200000
N_MOX_STD_0.0975ngml.d Cal 0.1003 102.7 |5.076 195000
N_MOX_STD_0.1953ngml d cal | 02118 | 1084 5076 e
2 180000 .\o—/‘—/\.
N_MOX_STD_0.3906ngml.d Cal 0.4128 105.7 | 5.08 B 1oeo0 cV 1.17%
]
N_MOX_STD_0.781ngml.d Cal 0.765 979 |[5.083 £ 170000
165000
N_MOX_STD_1.56ngml.d Cal 1.5116 96.7 |[5.081 160000
N_MOX_STD_3.125ngml.d Cal 3.1382 100.4 |5.081 155000
150000
PRM_Blank_004.d Blank L 2 3 4 5 6
QC Number
QC_1.56ngml_001.d QC | 32872 | 1052 |5.082 Figure 7. PRM Reproducibility of N-Mox quality control
QC_1.56ngml_002.d QC 3.2068 102.6 |5.081
QC_1.56ngmI_003.d QC 3.2478 103.9 |5.083 CO N Cl us | ons
QC_1.56ngmI_004.d QC 3.2489 104 |5.076
o8 st (40 QC | 33144 | 1061 |5084 PRM-based Q-TOF analysis enables confident ultra-trace
QC_1.56ngml_006.d QC | 32876 | 1052 |5.082 quantification of N-nitroso moxifloxacin with excellent
PRM_Blank 005.d Blank linearity and accuracy. The method achieves 12.2 pg/mL
VOX STD 625 g 7 | 52005 | 1025 1508 sensitivity, well below regulatory specification limits,
e E 2 ' Rl ensuring robust impurity control. Accurate-mass PRM
N_MOX_STD_12.5ngml.d Cal | 12.5551 | 100.4 |5.081 eliminates false positives and provides high selectivity in
N_MOX_STD_25ngml.d cal | 24797 | 992 [5078 complex pharmaceutical matrices. This study establishes
Q-TOF-PRM as a powerful, regulatory-ready platform for
PRM_Blank_006.d Blank : ) . : .
CPCA Cat 3/4/5 nitrosamine impurity analysis.
N_Moxi_PRM_Placebo.d Sample
PRM_Blank_007.d Blank R f
N_Moxi_PRM_Tablet.d Sample| 2.017 5077 ererences
PRM_Blank_008.d Blank . . . : :
1 Balfour JA, Wiseman LR. Moxifloxacin. Drugs. 1999 Mar;57(3):363-73; discussion
N_Moxi_PRM_API.d Sample 357 5.076 © 374.doi: 10.2165/00003495-199957030-00007. PMID: 10193688.
PRM_Blank_009.d Blank » ‘ , , S
2 Srinivas Nakka et al, A facile and eco-friendly simultaneous quantification LC-TQ-
N_Moxi_Placebo_SPK_15625ppb.d QC 1.8379 117.6 |5.077 " MS/MS approach for N-Nitroso Moxifloxacin and di-nitroso pyrrolopiperidine in
Moxifloxacin tablets and eye drops, Green Analytical Chemistry,mVolume 12,
PRM_Blank_010.d Blank 2025,100188, ISSN 2772-5774, https://doi.org/10.1016/].greeac.2024.100188.
N_Moxi_Placebo_SPK_LLOQ_1.d QC 0.0144 117.7 |5.089
3 FDA guidance document for recommended acceptable intake limit for NDSRIs
N_Moxi_Placebo_SPK_LLOQ_2.d QC 0.0254 104 |5.062 " (guidance for industry) August 2023.
4 EMA:Nitrosamine impurities: guidance for marketing authorization holders.
Table 2: LC-QTOF N-nitroso moxifloxacin Linearity and " https://www.ema.europa.eu/en/human-regulatory-overview/post-
authorisation/pharmacovigilance-post-authorisation/referral-procedures-human-
Recovery medicines/nitrosamine-impurities/nitrosamine-impurities-guidance-marketing-

authorisation-holders.

https://www.agilent.com/en/promotions/asms

This information is subject to change without notice. ‘e o
®
o

.... -
- .e 'YX
DE-014513 I Agl'ﬂllt
© Agilent Technologies, Inc. 2026 e

Published in USA, June 30, ,2026
Trusted Answers


https://www.agilent.com/en/promotions/asms
https://www.agilent.com/en/promotions/asms
https://doi.org/10.1016/j.greeac.2024.100188
https://www.ema.europa.eu/en/human-regulatory-overview/post-authorisation/pharmacovigilance-post-authorisation/referral-procedures-human-medicines/nitrosamine-impurities/nitrosamine-impurities-guidance-marketing-authorisation-holders
https://www.ema.europa.eu/en/human-regulatory-overview/post-authorisation/pharmacovigilance-post-authorisation/referral-procedures-human-medicines/nitrosamine-impurities/nitrosamine-impurities-guidance-marketing-authorisation-holders
https://www.ema.europa.eu/en/human-regulatory-overview/post-authorisation/pharmacovigilance-post-authorisation/referral-procedures-human-medicines/nitrosamine-impurities/nitrosamine-impurities-guidance-marketing-authorisation-holders
https://www.ema.europa.eu/en/human-regulatory-overview/post-authorisation/pharmacovigilance-post-authorisation/referral-procedures-human-medicines/nitrosamine-impurities/nitrosamine-impurities-guidance-marketing-authorisation-holders
https://www.ema.europa.eu/en/human-regulatory-overview/post-authorisation/pharmacovigilance-post-authorisation/referral-procedures-human-medicines/nitrosamine-impurities/nitrosamine-impurities-guidance-marketing-authorisation-holders
https://www.ema.europa.eu/en/human-regulatory-overview/post-authorisation/pharmacovigilance-post-authorisation/referral-procedures-human-medicines/nitrosamine-impurities/nitrosamine-impurities-guidance-marketing-authorisation-holders
https://www.ema.europa.eu/en/human-regulatory-overview/post-authorisation/pharmacovigilance-post-authorisation/referral-procedures-human-medicines/nitrosamine-impurities/nitrosamine-impurities-guidance-marketing-authorisation-holders
https://www.ema.europa.eu/en/human-regulatory-overview/post-authorisation/pharmacovigilance-post-authorisation/referral-procedures-human-medicines/nitrosamine-impurities/nitrosamine-impurities-guidance-marketing-authorisation-holders
https://www.ema.europa.eu/en/human-regulatory-overview/post-authorisation/pharmacovigilance-post-authorisation/referral-procedures-human-medicines/nitrosamine-impurities/nitrosamine-impurities-guidance-marketing-authorisation-holders
https://www.ema.europa.eu/en/human-regulatory-overview/post-authorisation/pharmacovigilance-post-authorisation/referral-procedures-human-medicines/nitrosamine-impurities/nitrosamine-impurities-guidance-marketing-authorisation-holders
https://www.ema.europa.eu/en/human-regulatory-overview/post-authorisation/pharmacovigilance-post-authorisation/referral-procedures-human-medicines/nitrosamine-impurities/nitrosamine-impurities-guidance-marketing-authorisation-holders
https://www.ema.europa.eu/en/human-regulatory-overview/post-authorisation/pharmacovigilance-post-authorisation/referral-procedures-human-medicines/nitrosamine-impurities/nitrosamine-impurities-guidance-marketing-authorisation-holders
https://www.ema.europa.eu/en/human-regulatory-overview/post-authorisation/pharmacovigilance-post-authorisation/referral-procedures-human-medicines/nitrosamine-impurities/nitrosamine-impurities-guidance-marketing-authorisation-holders
https://www.ema.europa.eu/en/human-regulatory-overview/post-authorisation/pharmacovigilance-post-authorisation/referral-procedures-human-medicines/nitrosamine-impurities/nitrosamine-impurities-guidance-marketing-authorisation-holders
https://www.ema.europa.eu/en/human-regulatory-overview/post-authorisation/pharmacovigilance-post-authorisation/referral-procedures-human-medicines/nitrosamine-impurities/nitrosamine-impurities-guidance-marketing-authorisation-holders
https://www.ema.europa.eu/en/human-regulatory-overview/post-authorisation/pharmacovigilance-post-authorisation/referral-procedures-human-medicines/nitrosamine-impurities/nitrosamine-impurities-guidance-marketing-authorisation-holders
https://www.ema.europa.eu/en/human-regulatory-overview/post-authorisation/pharmacovigilance-post-authorisation/referral-procedures-human-medicines/nitrosamine-impurities/nitrosamine-impurities-guidance-marketing-authorisation-holders
https://www.ema.europa.eu/en/human-regulatory-overview/post-authorisation/pharmacovigilance-post-authorisation/referral-procedures-human-medicines/nitrosamine-impurities/nitrosamine-impurities-guidance-marketing-authorisation-holders
https://www.ema.europa.eu/en/human-regulatory-overview/post-authorisation/pharmacovigilance-post-authorisation/referral-procedures-human-medicines/nitrosamine-impurities/nitrosamine-impurities-guidance-marketing-authorisation-holders
https://www.ema.europa.eu/en/human-regulatory-overview/post-authorisation/pharmacovigilance-post-authorisation/referral-procedures-human-medicines/nitrosamine-impurities/nitrosamine-impurities-guidance-marketing-authorisation-holders
https://www.ema.europa.eu/en/human-regulatory-overview/post-authorisation/pharmacovigilance-post-authorisation/referral-procedures-human-medicines/nitrosamine-impurities/nitrosamine-impurities-guidance-marketing-authorisation-holders
https://www.ema.europa.eu/en/human-regulatory-overview/post-authorisation/pharmacovigilance-post-authorisation/referral-procedures-human-medicines/nitrosamine-impurities/nitrosamine-impurities-guidance-marketing-authorisation-holders
https://www.ema.europa.eu/en/human-regulatory-overview/post-authorisation/pharmacovigilance-post-authorisation/referral-procedures-human-medicines/nitrosamine-impurities/nitrosamine-impurities-guidance-marketing-authorisation-holders
https://www.ema.europa.eu/en/human-regulatory-overview/post-authorisation/pharmacovigilance-post-authorisation/referral-procedures-human-medicines/nitrosamine-impurities/nitrosamine-impurities-guidance-marketing-authorisation-holders
https://www.ema.europa.eu/en/human-regulatory-overview/post-authorisation/pharmacovigilance-post-authorisation/referral-procedures-human-medicines/nitrosamine-impurities/nitrosamine-impurities-guidance-marketing-authorisation-holders
https://www.ema.europa.eu/en/human-regulatory-overview/post-authorisation/pharmacovigilance-post-authorisation/referral-procedures-human-medicines/nitrosamine-impurities/nitrosamine-impurities-guidance-marketing-authorisation-holders
https://www.ema.europa.eu/en/human-regulatory-overview/post-authorisation/pharmacovigilance-post-authorisation/referral-procedures-human-medicines/nitrosamine-impurities/nitrosamine-impurities-guidance-marketing-authorisation-holders
https://www.ema.europa.eu/en/human-regulatory-overview/post-authorisation/pharmacovigilance-post-authorisation/referral-procedures-human-medicines/nitrosamine-impurities/nitrosamine-impurities-guidance-marketing-authorisation-holders
https://www.ema.europa.eu/en/human-regulatory-overview/post-authorisation/pharmacovigilance-post-authorisation/referral-procedures-human-medicines/nitrosamine-impurities/nitrosamine-impurities-guidance-marketing-authorisation-holders

	Slide 1: HRMS QTOF-PRM (Parallel reaction Monitoring) for ultra-trace level quantification of N-Nitroso Moxifloxacin in API and Formulations. 
	Slide 2
	Slide 3
	Slide 4

