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1 ABSTRACT

Evaluating potential cytotoxicity and genotoxicity of smokeless tobacco products poses unique 
challenges for in vitro testing.  Each product is a complex mixture of vegetable matter, and may include 
a packaging component as part of the final product.  Therefore, such products are evaluated in a 
manner similar to packaging products or medical devices – incubated with various fluids to extract 
leachable components which are applied to the test system.  Also, individual extract constituents may 
be dilute and/or innocuous, requiring large dose volumes to detect any effect.  Here we report validating 
sample preparation, and basic processing and handling parameters, for an in vitro test battery including 
the bacterial reverse mutation (Ames) assay, in vitro micronucleus in TK6 cells, and neutral red uptake 
(NRU) cytotoxicity assay.  Two commercial smokeless tobacco products (one flavored, one unflavored) 
were shredded and sieved, and then sonicated and extracted in artificial saliva according to published 
procedures.  Initial results in an Ames screen (using tester strains TA98 and TA100 ±S9, pre-
incubation treatment, and dose volumes up to 200 µL/plate) revealed:  moderate to severe cytotoxicity 
for the flavored product at a dose of 200 µL/plate; discoloration of the plates at the highest dose levels 
(without interference with automated scoring); and a lack of mutagenicity for both extracts under these 
conditions.  Preliminary results using nicotine as a surrogate marker indicate the extracts are stable for 
at least one month at –70 ºC.  Additional experiments in the full assays, and to qualify other flavor 
markers or tobacco constituents, are in progress.

2 INTRODUCTION

Smokeless tobacco products pose unique challenges for in vitro testing, since each product is a 
complex mixture of vegetable matter and may include a packaging component as part of the final 
product.  Therefore, such products are evaluated in a manner similar to food contact materials or 
medical devices – incubated with various fluids to extract leachable components which are then applied 
to the test system.  Also, individual extract constituents may be dilute and/or innocuous, requiring large 
dose volumes to detect any potential adverse effects.  Here we report validating sample preparation 
and basic processing/handling parameters for two commercial smokeless tobacco products in an in 
vitro test battery including the bacterial reverse mutation (Ames) screen, the in vitro micronucleus (MN) 
screen in TK6 cells, and the neutral red uptake (NRU) cytotoxicity screen in BALB/c 3T3 cells.

4 RESULTS AND DISCUSSION
Results of the Ames screen were uniformly negative (Fig. 1).  Revertant frequencies for all dose levels 
of both extracts, in both tester strains +S9, approximated control values.  There was no cytotoxicity or 
precipitation up to 200 µL/plate, but the plates were noticeably discolored at the highest dose levels. 
Both extracts were negative in the TK6 MN screen +S9, as was the WG extract –S9 (Fig. 2).  In 
contrast, the UF extract induced statistically significant (Fisher’s exact; p< 0.05), dose-dependent 
(Cochran-Armitage; p< 0.01) increases in %MN in the absence of S9, and only the WG extract 
induced limiting cytotoxicity in TK6 cells (27-hr –S9 only).  Neither extract was cytotoxic in the NRU 
screen at concentrations up to 1% (v/v; Fig. 3). Finally, the CAS negative control exhibited little or no 
difference in cytotoxicity to TK6 or BALB/c 3T3 cells at concentrations of 1 to 10% (v/v; not shown). 
Additional NRU experiments to evaluate higher concentrations of the UF and WG extracts are 
planned.  Methods also have been validated to characterize specific components or flavors as 
representative markers in the smokeless tobacco products and their extracts (not shown).

5 CONCLUSIONS
• Extraction and treatment parameters were successfully used in these in vitro assays that are 

typically used to evaluate e-liquids and e-cigarette and combustible cigarette condensates.
• The extracts were non-genotoxic and generally non-cytotoxic under the conditions evaluated thus far 

(but MN scoring is still in progress).  Only the WG extract exhibited limiting cytotoxicity, and only in 
the TK6 MN screen –S9.  Evaluation of higher extract concentrations in the NRU assay is planned.
• Transfer of these methods to an OECD- and GLP-compliant format is straightforward and underway.  

Only modification in the scope of the assays (i.e., tester strains, replicate numbers, treatment 
conditions), and addition of previously validated analytical chemistry endpoints for extract stability 
and characterization, is required.

3 MATERIALS AND METHODS

Test Articles and Extraction
Two commercial “long-cut” smokeless tobacco products [one unflavored (UF), one wintergreen-flavored 
(WG)] were obtained off the shelf at a local convenience market and extracted in complete artificial 
saliva (CAS) according to published procedures.1 Briefly, the samples were shredded, passed through 
a 4-mm sieve, suspended at 10% (w/v) in CAS, sonicated for ~3 min, incubated at ~37 ºC for ~2 hr with 
shaking (~250 rpm), centrifuged through a sterile mesh bag at ~2500 rpm for ~15 min at room 
temperature, centrifuged at ~10,000 rpm for ~10 min at room temperature, filtered through a 1.6 µm 
glass fiber filter, sterilized through a 0.22 µm cellulose acetate filter membrane, aliquoted, and stored 
frozen at approximately -70 ºC until use.  CAS contained 2.7 mg/mL gastric mucin III, 0.95 mg/mL KCl, 
1.4 mg/mL NaCl, 0.37 mg/mL CaCl2·2H2O, 0.84 mg/mL K2HPO4, 0.21 mg/mL MgCl2·6H2O, 0.09 mg/mL 
urea, 0.20 mg/mL D-(+)-glucose, 100U/mL α-amylase, 0.75 U/mL lysozyme, and 0.004 U/mL acid 
phosphatase.

Ames Screen
The Ames screen was performed in tester strains TA98 and TA100, in the presence and absence of an 
exogenous metabolic activation system (+S9; Aroclor 1254-induced rat liver homogenate with the 
appropriate buffer and cofactors), using the liquid pre-incubation treatment method (Fig. 1).2 Duplicate 
cultures of each strain were treated with various dilutions of the extracts using a 200-µL dose volume.  
Cultures were incubated for two days and scored using an automated colony counter or manually.

TK6 MN Screen
The MN screen was performed in TK6 cells using established methods.3 Ten concentrations of each 
extract, as well as the positive and vehicle controls, were evaluated in single cultures using a 4-hr 
treatment with S9 (4/40 +S9), and a 27-hr treatment without S9 (27 –S9).  Each extract and the CAS 
control was evaluated up to 10% (v/v, final), the maximum feasible dose for this assay (Fig. 2).  An 
additional CAS control was included at 1% (v/v) to evaluate any possible adverse vehicle effects.  
Cultures were harvested at the end of treatment for the 27-hr treatment –S9, and at 44 hr (i.e., after a 
40-hr recovery period) for the 4-hr treatment +S9.  Cytotoxicity was determined based upon reduction in 
relative population doubling (RPD).  The three highest concentrations of each extract, both CAS 
controls (1 and 10%, v/v), and one concentration of each positive control, were scored for micronuclei 
(400 cells/culture as is standard for a screen; dose levels were selected based upon RPD). 

NRU Screen
The NRU screen was performed in BALB/c 3T3 cells (clone A31, obtained from ATCC) using 
established methods.4 Each extract was evaluated in duplicate plates at concentrations up to 1% (v/v, 
final), while the positive control (sodium lauryl sulfate; SLS) was evaluated concurrently in each assay 
in a single plate (Fig. 3).  Treatments were for ~48 hr, after which time the cells were washed with PBS, 
stained for ~3 hr with neutral red, washed again, and the stain was extracted with desorb solution.  
Viability was measured via optical density at ~540 nm.  UF and WG were evaluated concurrently in an 
initial trial, and UF was re-evaluated in a second trial (due to unacceptable vehicle control variability 
within one of the replicate plates in the first trial).
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Figure 1. Ames Screen Results

Figure 2. TK6 MN Screen Results

Two NRU trials were performed:  
- trial 1 with UF, WG and SLS (-1; ○,●,●)
- trial 2 with UF and SLS (-2; □,■)
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Figure 3. NRU Screen Results
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