Quantification of Nicotine Related Impurities in Novel,
Oral Tobacco-Derived Nicotine Products

Timothy L. Danielson, Christopher B. McFarlane, Michael R. Noe, Yezdi B. Pithawalla, Willie J. McKinney Jr.
E Alt].'la Altria Client Services LLC, 601 East Jackson Street, Richmond, VA 23219 USA

Altria Client Services CORESTA Congress 2018, 22-26 October 2018, Kunming, China
Abstract ~ Resuts
VERVE® Discs and Chews are oral, non-dissolvable, tobacco- ® - - ® - -
derived nicotine products. All tobacco products sold in the US are VERVE Blue Mlnt DISCS VERVE Green Mlnt DISCS
regulated by the FDA and this category of products will ultimately 2.00 2.00
require a market authorization through the premarket tobacco Anabasi Anabasi
application (PMTA) pathway. This regulatory pathway requires T 1.80 —=-Anadasine — 180 ~Anabasine
“Established shelf life of the product to include data establishing the = *Anatab.me . = *Anatab.me .
stability of the product through the stated shelf life.” The US and S 160 “-Beta-Nicotyrine 8 160 “-Beta-Nicotyrine
European Pharmacopeias recommend purity specifications for % *C°t'"'“? 2 *C°t'“'“?
nicotine intended for pharmaceutical products; however, there are no S 1.40 Myosmine S 140 Myosmine
official purity specifications recommended for the tobacco-derived 2 Nicotine Oxide S Nicotine Oxide
nicotine added to novel tobacco products. We developed a sensitive, L Nornicotine B 120 Nornicotine
selective, and robust liquid chromatography-mass spectrometry (LC- oc o
MS) method utilizing an Agilent® 1260 HPLC/6150 Mass ) 1.00 X 00
Spectrometer with a Waters® C18 column to quantify nicotine s - § '
impurities. The method accuracy and precision was found to be 43 0.80 Tﬁ' 0.80
acceptable at 88-103% and 1.6-6.7%, respectively. The Limit of 8 c
Detection (LOD) was found to be 0.070 wt% of the nicotine © S
concentration for VERVE® Discs and Chews which was sufficient to gf 060 :uy 060
quantify nicotine-related impurities listed in Pharmacopeia a]
guidelines. An overview of the challenges and solutions that 0.40 0.40
transpired during method validation for these unique matrices is
provided. In addition, we provide nicotine impurity results in VERVE® 0.20 0.20
Discs and Chews and monitored these impurities over time. This » . _X | .
selective and sensitive method provides data suitable for quantitative 0.00 — : — 0.00 e
risk assessments and for stability studies.
Time (Months) Time (Months)
Methodological Relevance VERVE® Blue Mint Ch VERVE® G —
ue viin eWwWsS reen wviin eWwWsS
* In the absence of specific guidance from the FDA, we validated a 500
method to measure 8 nicotine and nicotine-related impurities based 200 '
on specifications in the European Pharmacopeia Council of — _
Europe.' .$=_J 1.80 0 1.80
 The U.S. Pharmacopeia (USP) recommends the measurement of § B
nicotine degradants and impurities in nicotine intended for z 0 § 60
pharmaCGUticals-z "3 140 -=-Anabasine 2 -=-Anabasine
» USP-grade nicotine has no single impurities greater than 0.3% (3 2 -+Anatabine S 40 -+Anatabine
mg/g) and total impurities less than 0.8% (8 mg/g) on a weight o ~<Beta-Nicotyrine & ~-Beta-Nicotyrine
percent basis relative to nicotine at the time of manufacture. % 1.20 —-Cotinine o 20 —Cotinine
* An acceptance limit approach consistent with the International § Myosmine X Myosmine
Conference on Harmonization (ICH) Guidance Q3B(R2) - E 100 Nicotine Oxide E 1.00 Nicotine Oxide
Impurities in New Drug Products, July 2006 Revision 2, provides a 4"5’ Nornicotine 2] Nornicotine
reasonable and appropriate approach for evaluating nicotine s 080 S 0.80
stability.” d ®
« Considering that nicotine-N"-oxide is a metabolite of nicotine and is o 060 @ 0-60
also less acutely toxic than nicotine, we determine a higher -
threshold level of 3.0% for nicotine-N-oxide as acceptable 0.40 0.40
because it would not result in additional toxicological concern. e
* 4% to 7% of metabolized nicotine is excreted as nicotine-N"-oxide ** 0-20 / \\ 0.20 /’A
and nicotine-N"-oxide is a less acutely toxic metabolite compared to ‘. — _ A — A \\
nicotine.®’ 0-00 - . . 0.00 —
— Acceptance Time (Months) Time (Months)
P Y Limit Data shown are the mean values of 3 production lots. Product was stored in commercial packaging at 25°C £ 2°C/60%RH = 5%RH environmental
Anabasine £39.12-7 0.5% 0175  0.070 conditions for 12 months duration. Each lot of product was tested at N=3 or 7.
Anatabine 5746-86-1 0.5% 0.175 0.070
Nornicotine 2743-90-0 0.5% 0.175 0.070 Observatlons and CO"CIUSIO"S
B-Nicotyrine  13078-04-1 0.5% 0.175 0.070  1-year shelf-life studies showed minimal variations in nicotine related degradants and impurities over time. At the end of one year, all
nicotine impurities measured were <0.5% (expressed as % nicotine) with the exception of nicotine N-oxide in VERVE® Discs which
Cotinine 487-19-4 0.5% 0.175 0.070 was <3.0% (expressed as % nicotine).
« Within the targeted shelf life of one year, the nicotine-N’-oxide levels in the Discs products did not exceed the ALCS acceptance
Myosmine 486-56-6 0.5% 0.175  0.070 threshold of 3.0% wt/wt of USP grade tobacco-derived nicotine added to the product.
0.5% at manufacture « The method adequately measures the nicotine degradants and impurities with the specificity and sensitivity necessary to meet the
Nicotine-N’Oxide 51095-86-4 and 3.0% 0.175 0.070 acceptance thresholds we have established.
at end of shelf-lite - During stability studies for Chews, an interfering compound was discovered coeluting with anatabine. This was subsequently

All units are wt % relative to the nicotine concentration.

mitigated by adjusting the mobile phase gradient on the LC and the fragmenter voltage on the MS. The data at 3, 6 and 9 months are
indicative of the coelution which was resolved by the method improvements by the 12-month time point.

m « With the exception of nicotine N’-oxide in Discs, the majority of nicotine degradants and impurities measured were either not
detected (below the limit of detection, BLOD) or below the limit of quantitation (BLOQ).

* VERVE" Discs are milled to <1.25 mm using a Wiley” Mill. The . In the absence of Guidance from FDA regarding acceptable levels of nicotine degradants over the shelf-life of tobacco products

particle reduction Is necessary In order to adequately extract the containing USP grade tobacco-derived nicotine, we have developed an approach adapted from ICH Guidelines Q3B(R2) and based
analytes of interest using solvents that are amenable to LC-MS on sound scientific principles.

analysis. An aliquot is extracted by vortexing for 1 hour in a
methanol solution containing internal standard.

« VERVE® Chews are sonicated in water. This sonication step is
disintegrate the polymer matrix and extract the analytes of interest. Refe rences

' ith int | st f . . . . -
l\/ﬂo?tgi%l fcl)i 1thheonure;gdee)(ilrailf r,lg‘tevrwcen’lcrr]ifﬁg;r?g,Saﬁna?iaqrt?otb; ?gg 1. Council of Europe. (2012) European Pharmacopoeia 7.0 European Directorate for the Quality of Medicines and Healthcare. Strasbourg,

extracts is prepared for analysis. France.
- Extracts are analyzed on an Agilent® 1260/6150 LC/MS using a 2. United States Pharmacopeia and the National Formulary. (2015) USP 38-NF 33. Rockville, Maryland: The United States Pharmacopeia

Waters® Xbridge™ BEH C18 column with caffeine as the internal Convention Inc.
standard. 3. ICH. (2006) International Council for Harmonisation of Technical Requirements for Pharmaceuticals for Human Use Guidelines Q3B(R2):

« Nicotine degradants are reported in units of weight percent relative Impurities in New Drug Products.
to the nicotine target value. . Benowitz N, et al. (2009) Nicotine chemistry, metabolism, kinetics and biomarkers. Handb Exp Pharmacol 192, 29-60.
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Validation Summary

Parameter Established Criteria
Calibration R%=0.995
Discs Mean Recovery = 95% Acknowledgments
Accuracy
Chews Mean Recovery = 93%
: . Discs %RSD < 5% : C e g 0L .
Intermediate Precision Chews %RSD < 6% The authors would like to thank Susan Plunkett and Lara Baker for their significant contributions to this work.
Extract Stability 72 hours (ambient or 4 °C) This poster may be accessed at www.altria.com/ALCS-Science




