Quantitative analysis of NNN in plasma by
LC-MS/MS: a suitable alternative to urinary
determination to assess the exposure to this
Important toxicant
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N-Nitrosonornicotine (NNN)

® NNN: IARC Group 1 carcinogen present in
cigarette smoke and smokeless tobacco

® Exposure assessment by analysis of NNN in
urine

®» Several studies identified implausibly high
NNN concentrations in urine, e.g. after
quitting® or in nicotine patch users?

® NNN prone for artefactual formation by
nitrosation of nornicotine with nitrite
especially under acidic conditions3

Stepanov, et al. (2009) Presence of the carcinogen N*-nitrosonornicotine in the urine of some users of oral nicotine replacement therapy products. Cancer Res.
’Stepanov, et al. (2009) Evidence for endogenous formation of N'-nitrosonornicotine in some long-term nicotine patch users. Nicotine Tob. Res.
3Mirvish, et al. (1977) Kinetics of Nornicotine and Anabasine Nitrosation in Relation to N'-Nitrosonornicotine Occurrence in Tobacco and to Tobacco-Induced Cancer. INCI
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N-Nitrosonornicotine (NNN):
Artefactual formation in urine

® Incubation experiments demonstrated rapid Incubation of nornicotine + NO,/ NO;" at
nitrosation at pH of 4 and below in urine room temperature for 10 minutes

® High NNN vyields observed over time for pH <5
®» Artefactual NNN formation less likely at pH = 6
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® Urine pH as low as 5 may occur with various
disease states (urinary tract/bladder infections;
chronic kidney disease)?!

-
E
(@)
£ 4004
Z
4
-

INTHN |

5§ 6 7 8 9 10 11 12

N

o

o
|

® Measurement of urinary NNN may be
confounded by artefactual formation
(endogenously or exogenously during storage)
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Urinary NNN may not necessarily reflect
product-specific exposure

1Harlass, et al. (1990) The evaluation of urine pH in screening for asymptomatic bacteriuria in pregnancy. Military
medicine




NNN in plasma Guidance for Industry
Analysis by LC-MS/MS

Reporting Harmful and Potentially
Harmful Constituents in Tobacco

» NNN is part of the abbreviated list of harmful and potentially s')efl?oli,ctgso%g'é?iﬁi %‘:&’;‘;ngﬁ
b

harmful constituents (HPHCSs) in cigarette smoke, smokeless Drug, and Cosmetic Act
tobacco and roll-your-own tobacco DRAFT GUIDANCE

This guidance document is being distributed for comment purposes only.

® Accurate and precise measurement of NNN exposure

important for sound risk assessment e 1
» Artefactual NNN formation less likely in blood due to e e
consistent pH (7.40 = 0.03) Aclichde Aot
| Acrylonitrile Benzo[a]pyrene
.. N - Aminonaphihalene | Crotonaldeyde
f Objective LA
Development of an analytical method with sufficient B
sensitivity for plasma NNN determination to assess Crnsins
\ product-specific NNN exposure D s Gl
i |
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NNN in plasma
Analysis by LC-MS/MS

®» Recently published LC-MS/MS method for rat serum NNN from the
FDA served as starting point?

Plasma sample preparation

® Liquid-liquid extraction (LLE) of 1 mL plasma with methyl-tert-
butylether (MTBE)

® 1st LLE basic: 10 pL 10M NaOH + 100 pL brine + 2 mL MTBE
» 2nd | |E acidic: reconst. of org. phase with 50 pL 4M formic acid + 150 uL MTBE

®» Ag. phase evaporated to dryness and reconstituted in 50uL
MeOH/H,O (1:4)

LC-MS/MS analysis
Shimadzu Nexera X2 UHPLC / Sciex 6500+ QTRAP MS/MS
Injection of 10 puL on Acquity HSS T3 column (100x2.1mm; 1.8um)

® Flow: 0.6 ml/min; Temp: 45 °C; run time: 5 min
Eluents: A: 0.1%NH,OAc in H,O; B: 0.1% FA in ACN

» ESI*; MRM: 178 — 148 m/z (Quantifier) / 182 — 152 (IS)

Full validation according to FDA guidelines?
LLOQ: 0.3 pg/mL (range: 0.3 — 1,000 pg/mL)

1Loukotkova, L., et al. (2018) A simple and highly sensitive UPLC-ESI-MS/MS method for the simultaneous quantification of nicotine, cotinine, and the tobacco-specific carcinogens N'-nitrosonornicotine and 4-
(methylnitrosamino)-1-(3-pyridyl)-1-butanone in serum samples. J Chrom B
2 FDA. (2018) Bioanalytical Method Validation - Guidance for Industry

Contents lists available at ScienceDirect

Journal of Chromatography B

ELSEVIER journal homepage: www alsevier com/locate/jchromb

A simple and highly sensitive UPLC-ESI-MS/MS method for the

simultaneous quantification of nicotine, cotinine, and the tobacco-specific &=

carcinogens N'-nitrosonornicotine and 4-(methylnitrosamino)-1-(3-pyridyl)-
1-butanone in serum samples
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Gradient




Application of the blood LC-MS/MS method for
evaluation of NNN in smokeless tobacco users




Pharmacokinetic (PK) study — Study overview

Clinical study conducted in U.S. in accordance with Good Clinical Practice
Study Product

Commercially available moist snuff tobacco (MST)
12.41 mg/g nicotine

1.77 pg/g NNN

pH: 7.7

Study participants (N = 10):
Exclusive males
28 — 59 years of age; BMI: 18.6 — 36.2 kg/m?

Overnight abstinence from tobacco use and then use of a defined portion of 2 g of the MST
product for 40 min

Sample collection: 15 blood draws during and post use
0 (5 min pre-use), 5, 10, 15, 20, 25, 30, 35, 40, 45, 60, 90, 150, 240, 360 min
Total of 150 plasma samples for NNN and nicotine PK analysis
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PK study — Results
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Chromatograms of NNN in plasma

NNN Nicotine P10 0.9 pgimL
parameter (mean = SD; N = 10) (mean £ SD; N = 10) @ 8x10°-
AUC, 260 917 + 343 pg/mL*min 3095 + 1507 ng/mL*min 3, 6x101
AUC, .., 1051 pg/mL*min 3698 ng/mL*min g 4x10°-
o 7.1+ 2.3 pg/mL 19.4 + 9.1 ng/mL = 201051 N
tax 32 £ 10 min 40 £+ 14 min 0
t 98 min 122 min 1%104-
c = 8.8 pg/mL
» 8x103-
Q.
* NNN > LLOQ (0.3 pg/mL) for 149 of 150 samples > 610°7 :
C 4x10°- 5
» Difference in the pharmacokinetic parameters for Nic and NNN is € 3 :
proportionate to the amounts of Nic and NNN in the product 210%7
0 (0]
® Similar kinetics for both compounds (t,,. t12) 10 15 20 25 30 35 4

time / min
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PK study — Results

Time courses of NNN resemble that of Nic

Controlled use over 40 min resulted in concentration
plateau between 20 and 40 min

PK parameters of NNN and nicotine were highly
correlated (p < 0.005):

r = 0.803 for C,.,
r = 0.887 for AUC

High correlation between nicotine and NNN
plasma NNN reflects product-use specific uptake
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Summary and Conclusions

2021_ST43_Plu

-
E
g
2,
z
=
Z

L]

High variability in urinary NNN most likely occurring due to nitrosation of nornicotine
Need for robust determination of product-specific exposure to NNN

We report:
A fit-for-purpose LC-MS/MS method to measure NNN in plasma
Correlation of NNN PK parameters to nicotine

Overall these results demonstrate that this assay is a useful tool to assess product specific
exposure to NNN

We conclude that plasma NNN is a fit-for-purpose biomarker to characterize product
specific NNN exposure from tobacco products
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® Dr. Nikola Pluym
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