
ELSEVIER Mutation Research 321 (1994) 253-264 

Genetic Toxicology 

Mutagenicity of coal-dust and smokeless-tobacco extracts 
in Salmonella typhimurium strains with differing levels 

of O-acetyltransferase activities 

S. Craig Stamm *, B.-Z. Zhong, W.-Z. Whong, T. Ong 
Dil,ision of Respiratory Diseaese Studies, National Institute for Occupational Safety and Health, MS/DRDS, 

944 Chestnut Ridge Road, Morgantown. WV26505-2888, USA 

(Received 24 May 1993; revision received 14 January 1994; accepted 24 January 1994) 

Abstract 

Epidemiological studies have indicated an increased incidence of gastric neoplasia in coal miners. Because 
smokeless tobacco use is prevalent in the mining industry, nitrites or other components of these products may be 
etiologically associated with these gastric neoplasms. In this study both nitrosated and non-nitrosated coal-dust (from 
West Virginia and New Mexico) as well as smokeless-tobacco (snuff and chewing tobacco) extracts were examined 
for the presence of aromatic amines and nitroarenes by comparing the activities of these extracts in the pre-incuba- 
tion variant of the Ames assay. Salmonella strains with differing O-acetyltransferase activities (TA98 and YG1024) 
were utilized in this investigation. The results of the examination of the coal-dust extracts indicated positive activity 
only in the nitrosated extracts. Both nitrosated extracts elicited an increased number of revertants (2-4-fold) on 
YG1024 without $9 in comparison to TA98, suggesting the presence of nitroarenes in these extracts. Additionally, 
the nitrosated West Virginia coal extract showed higher levels of activity on YG1024 with $9, indicating the possible 
presence of aromatic amines in this complex mixture. The non-nitrosated smokeless-tobacco extracts showed activity 
only on YGI024 in the presence of $9, with the highest amount of activity occurring in the snuff sample. Except for 
the chewing-tobacco extract on TA98 without $9, positive activity was found in both nitrosated tobacco extracts on 
YG1024 and TA98. As with the coal extracts, the presence of nitroarenes was inferred for these nitrosated materials. 
A comparative study of the non-nitrosated snuff extract across 5 tester strains with varying sensitivities to aromatic 
amines and nitroarenes (TA98NR, TA98/1,8-DNP 6, TA98, YGI021 and YGI024) indicated that aromatic amines 
were a probable source of the mutagenic activity. The curing process and /o r  the addition of certain flavorants are 
potential sources of the mutagenic aromatic amines suggested to be present in the non-nitrosated snuff extract. 
These findings are consistent with an etiologic role supplementary to the nitroso compounds for mutagenic 
nitroarenes and aromatic amines in the development of gastric neoplasia in coal miners. 
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1. Introduction 

Several epidemiological studies of American 
and British coal miners indicate a positive rela- 
tionship between mining and the incidence of 
gastric neoplasia (Stocks, 1962; Matolo et al., 
1972; Rockette, 1977; Falk and Jurgelski, 1979). 
Ong et al. (1983) suggests that coal dust inhaled 
by miners and cleared via mucociliary functions, 
undergoes nitrosation a n d / o r  other chemical in- 
teractions at low pH in the stomach resulting in 
carcinogen formation. The exposure of the gastric 
epithelial cells to these endogenously formed car- 
cinogens then may result in neoplastic transfor- 
mation. The source of the ni t r i tes /ni t ra tes  re- 
sponsible for the nitrosation reactions is thought 
to be dietary components such as preserved meats, 
vegetables or lifestyle factors such as the use of 
smokeless tobaccos. 

Previous investigations by Whong and co- 
workers have shown that extracts of both ni- 
trosated coal dusts (1983) and tobaccos (1984) 
display mutagenic activity in the Ames assay. 
These extracts also induce both sister-chromatid 
exchanges in human peripheral lymphocytes 
(Tucker et al., 1985) and the transformation of 
mouse fibroblasts (Wu et al., 1990; and Whong, 
personal communication). Because of a high inci- 
dence of smokeless tobacco use in the mining 
industry, especially for underground miners 
(Shapiro et al., 1981), and because synergistic 
interactions occur between tobacco and coal ex- 
tracts (Whong et al., 1984), tobacco-related com- 
pounds may be particularly important in gastric 
carcinogenesis of miners. 

Generally, nitroso compounds from nitrosation 
reactions are the chemical mutagens/carcinogens 
implicated in these studies as a possible source of 
the observed genotoxic activity of these extracts. 
However, other chemicals which may contribute 
to the genotoxicity either directly or indirectly as 
p recursors /p roduc ts  of nitrosation reactions, 
need to be detailed in order to better understand 
the causal substances involved in the formation of 
these cancers. 

Aromatic amines and nitroarenes are geno- 
toxic compounds that are present in both coal-de- 
rived materials (Gray et al., 1988) and tobaccos 

(Schmeltz and Hoffmann, 1977). Although there 
is sufficient documentation of these agents in 
tobacco smoke, little information exists in regard 
to their presence in smokeless-tobacco products. 
The chemical detection of aromatic amines and 
nitroarenes in tobacco, which contains over 2500 
compounds (IARC, 1985), is difficult due to their 
low concentrations and volatile natures (Schmeltz 
and Hoffmann, 1977). Likewise, examinations for 
the presence of these aromatic chemicals in coal 
and coal extracts are limited, although a great 
deal of information exists detailing their presence 
in coal-conversion materials. Direct chemical ex- 
amination of coal for these genotoxic agents has 
been hindered by an inability to analyze this 
structurally complex organic material. However, 
biological assays in the form of Salmonella micro- 
bial mutagenicity assays (Ames and u m u  tests), 
with greatly enhanced sensitivities to these com- 
pounds, now exist (Watanabe et al., 1990; Ya- 
mazaki et al., 1992; Oda et al., 1992). These test 
systems utilize bacterial strains with multiple 
copies of the O-acetyltransferase (OAT) or the 
nitroreductase (NR) genes which are necessary 
for the conversion of aromatic amines a n d / o r  
nitroarenes to their ultimately mutagenic nitre- 
nium species (Weisburger, 1988; Aeschbacher and 
Turesky, 1991; Watanabe et al., 1990). Especially 
useful are the OAT over-producing strains which 
are capable of the sensitive detection of both 
aromatic amines and nitroarenes. Since nitro- 
arenes are direct-acting chemical mutagens (upon 
bacterial conversion) and aromatic amines are 
indirect-acting agents which require additional 
activation by microsomal enzymes, the presence 
of these chemicals in complex mixtures can be 
ascertained biologically via comparison studies of 
strains with varying OAT activities in the pres- 
ence and absence of the microsomal enzymes. 

This study examined both nitrosated and non- 
nitrosated coal (from West Virginia and New 
Mexico) and smokeless-tobacco (chewing-tobacco 
and snuff) extracts for possible aromatic amine 
and nitroarene content by comparing the activi- 
ties of the extracts in the Ames assay. Salmonella 
strains TA98 and YG1024 which possess differing 
O-acetyltransferase activities were utilized with 
all the extracts. Additionally, the non-nitrosated 
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snuff extract was subjected to mutagenic analyses 
using 5 tester strains - -  TA98NR, TA98/1 ,8-  
DNP 6, TA98, YG1021 and YG1024 - -  which 
possess an array of sensitivities to aromatic amines 
and nitroarenes. 

2. Methods and materials 

Coal samples 
The coal-dust samples that were extracted and 

used in this study were obtained from the Coal 
Research Section of Pennsylvania State Univer- 
sity, State College, PA. Sample No. PSOC-151 is 
a sub-bituminous coal that was collected in 
McKinley county, NM. Sample No. PSOC-816 is 
a bituminous coal that was collected in Harrison 
county, WV. 

Tobacco samples 
The tobacco samples were two of the most 

popular  brands used in West Virginia, and were 
purchased at a local grocery store. They consisted 
of a ribbon-cut chewing tobacco and a moist snuff 
that has been manufactured in the United States 
since the early 1800's. 

Chemicals 
The organic solvents (dichloromethane, di- 

methyl sulfoxide, acetone and methanol)  were 
purchased from Mallinckrodt, Paris, KY. The 
concentrated HC1 and the sodium nitrite were 
obtained from Fisher Scientific, Fair Lawn, NJ. 
2-Aminoanthracene (2AA), 1-nitropyrene (1NP), 
and aflatoxin B~ (AfB1), used as positive controls, 
were purchased from Aldrich Chemical Com- 
pany, Milwaukee, WI. The SRC-II  HD, which 
was used as a complex mixture positive control, is 
a heavy distillate from the Solvent Refined Coal-II  
coal liquefaction process (sample No. 2445, boil- 
ing point range 550-850°F). This coal-derived 
material was acquired from the Pittsburg and 
Midway Coal Mining Company,  Fort Lewis, WA, 
and contains a variety of  aromatic amines (Pelroy 
and Wilson, 1981). 

Sample extraction and nitrosation 
The coal and tobacco samples were extracted 

in a similar fashion; however, the moist tobacco 
samples were allowed to air dry at room tempera-  

ture prior to being processed. Upon drying, the 
snuff sample was found to have contained 51% 
water by weight and the chewing tobacco sample 
13% water by weight. Briefly, after being ground 
with a mortar  and pestle, 100 g of coal dust or 65 
g of tobacco was extracted with 250 ml of 
dichloromethane (DCM) for 48 h on a rotary 
shaker at 200 rpm. The pulverized starting mate-  
rial was separated from the DCM extract by 
filtration (using 3 sheets of Whatman No. 4 paper  
in a Buchner funnel), and washed once with 50 
ml of fresh DCM in order to remove any traces of 
the DCM-soluble components.  After being al- 
lowed to dry, the DCM-extracted,  pulverized ma- 
terial was once again extracted - -  this time with 
250 ml of 1:1 methanol  plus acetone (M + A). 
Similar to the DCM extraction, the residual solid 
material was separated from the M + A extract 
by filtration, and washed once with 50 ml of fresh 
M + A. Each solvent extract was concentrated by 
evaporation of the solvent under streaming N 2 on 
a hot plate at 37°C until all traces of the DCM or 
M + A were removed, and the remaining extracts 
were solvated in 20 ml of dimethyl sulfoxide 
(DMSO). The final sample volumes were ad- 
justed to 20 ml by lyophilization on a Virtis 12SL 
Freezemobile.  

Prior to nitrosation, the DCM and M + A ex- 
tracts of each material were combined, and each 
extract was split into two 20-ml samples. For each 
combined extract, sodium nitrite (30 m g / m l )  in a 
1 : 1 distilled water plus DMSO mixture was added 
to one sample portion to be nitrosated, and as a 
control, an equal amount of the mixture without 
nitrite was added to the other sample portion 
(non-nitrosated). All samples were adjusted to 
pH 3 using concentrated HC1 and incubated at 
room temperature  on a rotary shaker at 150 rpm 
for 4 h. After completion of the incubation pe- 
riod, the resultant samples were stored at - 2 0 ° C  
until used. This procedure yielded (in relation to 
the mass of the starting materials) nitrosated and 
non-nitrosated coal and tobacco extracts with fi- 
nal concentrations of 1.25 g / m l  and 812.5 m g / m l ,  
respectively. 

Mutagenicity assay 
The pre-incubation modification of the Ames 

assay (Yagahi et al., 1975) was used with DMSO 
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serving as the sample solvent. All samples to be 
tested were sonicated for 3 rain at a power setting 
of  15% using a Heat Systems XL probe-type 
sonicator. To achieve sample homogenizat ion,  
each assay tube was vortexed prior to and after 
the 30-min period of pre-incubation used in these 
essays. The Salmonella typhimurium TA98 strain 
was obtained from Prof. Bruce N. Ames  of  the 
University of  California, Berkeley. The O A T  and 

NR over-producing derivatives of  TA98 - -  
YG1024 (pYG219) and YG1021 (pYG216) re- 
spectively - -  were acquired from Dr. Takehiko 
Nohmi  of  the National Institute of  Hygenic Sci- 
ences ,  Tokyo ,  Japan. The  T A 9 8 N R  and 
T A 9 8 / 1 , 8 - D N P  6 (NR- and OAT-deficient strains) 
were donated upon request from Dr. Herbert 
Rosenkranz through strain curator Elaine McCoy 
of Case Western Reserve Institute, Cleveland, 

T a b l e  1 
M u t a g e n i c  act ivi ty  o f  n o n - n i t r o s a t e d  a n d  n i t r o s a t e d  c o a l - d u s t  ex t r ac t s  in Salmonella typhimurium T A 9 8  a n d  Y G 1 0 2 4  

S a m p l e  Concentration 
( m g / p l a t e )  

Average number of revertant colonies ~ 

T A 9 8  Y G I 0 2 4  

$9 + $9 - $9 + $9 

Non-nitrosated West Virginia 0.00 b 30 +_ 6 54 + 2 98 + 11 2116 + 2 

coal  ex t r ac t  1.85 35 _+ 6 - 81 + 14 

3.91 31_+ 3 6 1 - + 2 0  8 3 +  14 18(1+ 12 

7.81 2 4 +  8 100-+ 7 7 7 +  8 1 9 3 +  3 

15.62 3 3 +  3 91+_ 19 8 3 +  4 1 8 8 +  3 

31.25 - 105 -+ 8 214 -+ 9 

Nitrosated West Virginia 0.00 b 30_+ 6 54+_ 2 98_+ 11 206 + 2 

coal  ex t r ac t  1.85 78 _+ 2 c 318 + 24 " 

3.91 1 1 4 +  13 c 1 5 0 +  1 6 "  452_+ 19 e 716_+ 46 ~" 

7.81 245_+ 9 c 2 6 3 _ + 5 0  c 6 8 9 + 2 3  ~ 1 0 9 8 +  1 5 3 "  

15.62 378 + 29 ~ 348 +_ 23 c 778 -+ 51 c 1287 + 177 ~ 

31.25 564 + 56 " - 2278 _+ 340 c 

Non-nitrosated New Mexico  0.00 h 30 + 6 54 _+ 2 98 _+ 11 206 + 2 

c o a l e x t r a c t  7.81 45_+ 8 5 1 +  5 1 1 0 +  5 1 8 1 +  18 

15.62 3 8 +  6 6 4 +  1 114_+13 164_+ 24 

31.25 57_+ 3 5 4 +  3 1 2 3 +  19 1 5 4 +  14 

62.50 5 4 + 1 6  45_+ 3 170_+33 1 4 1 +  4 

Nitrosated New Mexico  0.00 b 30_+ 6 54_+ 2 98_+ 11 2(16 + 2 

coa l  ex t r ac t  1.85 150 _+ 19 c 274 + 19 c 

3.91 218 _+ 17 c 66 + 10 425 + 12 ~ 403 + 16 

7.81 408 _+ 12 c 106_+ 6 778_+ 5(1 ~ 623 + 53 ~ 

15.62 - 146 + 13 c 1220 _+ 64 ~ 1184 _+ 157 c 

31.25 - 234_+ 11 c 1948 + 41 c 

S R C - I I H D d  0 . 0 0 b  3 0 +  6 54_+ 2 9 8 +  11 2 0 6 +  2 

62 .50  3 6 +  4 266_+31  ~ 80_+ 3 2 3 9 0 + 2 1 6  c 

2AAd (/.110 b 30_+ 6 5 4 +  2 98_+ 11 2116+ 2 
0.25 - 171 _+ 20 2264 + 193 c 

2.50 33 + 15 1002 -+ 95 c 

a E a c h  d a t u m  reflects the mean of three pla tes .  

b D M S O  so lvent  con t ro l .  
c Posi t ive activity.  

d ( ~ z g / p l a t e )  S R C - I I  H D  is a c o a l - d e r i v e d  r e f e r e n c e  ma te r i a l ;  a n d  2AA (2-aminoanthracene) is a positive con t ro l .  

- ,  no t  tes ted .  



S. Craig Stamm et aL / Mutation Research 321 (1994) 253-264 257 

OH. Overnight cultures of TA98, TA98NR and 
TA98/1,8-DNP 6 were grown in Oxoid Nutrient 
Broth No. 2 in the presence of 25 /xg/ml amp±- 

cillin. YG1021 and YG1024 were grown under 
similar conditions as the other strains; however, 
both ampicillin and 6.25 /xg/ml of tetracycline 

T a b l e  2 

M u t a g e n i c  act ivi ty  o f  n o n - n i t r o s a t e d  a n d  n i t r o s a t e d  smoke l e s s  t o b a c c o  ex t rac t s  in Salmonella typhimurium T A 9 8  a n d  Y G 1 0 2 4  

S a m p l e  C o n c e n t r a t i o n  

( r a g / p l a t e )  

A v e r a g e  n u m b e r  o f  r e v e r t a n t  co lon ies  a 

T A 9 8  Y G 1 0 2 4  

- $ 9  + $ 9  - $ 9  + $ 9  

N o n - n i t r o s a t e d  s n u f f  ex t r ac t  0.00 b 26+_ 4 44_+ 7 55 + 6 111 + 14 

2.54 24--+ 9 - 51 _+ 2 - 

5.08 29 ± 2 41 ± 4 61 ± 6 256 -+ 31 b 

10.15 27_+ 4 68_+ 2 64_+ 3 286_+ 38 e 

20.30 31_+ 3 6 6 +  7 6 5 + _ 1 0  3 2 7 ± 1 0 3 e  

40 .60  - 63-+  4 - 406-+ 73 e 

81.20 - 87-+  10 - 705-+ 11 e 

N i t r o s a t e d  s n u f f  ex t r ac t  0.00 b 2 6 +  4 4 4 +  7 55-+  6 1 1 1 +  14 

1.27 40 _+ 17 - 111 -+ 10 e _ 

2.54 5 3 +  8 e  _ 1 7 4 + _ 1 3 c  _ 

5.08 8 0 - + 1 7  e 5 6 +  16 3 0 2 ± 2 1  e 382-+  45 e 

10.15 209_+ 11 e 123 _+ 12 c 557 -+ 30 e 746-+ 50 ~ 

20.30 - 165 -+ 6 c _ 912 -+ 118 e 

40.60 - 291 -+ 14 e _ 874 -+ 186 e 

81 .20  - 87-+  5 c  _ 3 9 6 ±  9 5 c x  

N o n - n i t r o s a t e d c h e w i n g  0.00 b 2 6 ±  4 4 4 ±  7 55 -+ 6 111 -+ 14 

t o b a c c o  ex t r ac t  5.08 2 9 ±  7 3 1 ±  3 41 _+ 9 169-+ 20 

10.15 34-+  6 29-+  6 5 4 ±  8 205-+  1 

20.30 40-+  2 37-+  3 5 7 _ + 1 0  202_+ 10 

40 .60  28-+  9 62-+  13 5 9 ± 1 0  2 3 0 ±  2 9 c  

81 .20  - 52+_ 14 277 + 35 e 

N i t r o s a t e d c h e w i n g  0.00 b 26+_ 4 44-+  7 5 5 ±  6 1 1 1 ±  14 

t o b a c c o  ex t r ac t  2.54 23 _+ 6 - 83 -+ 17 - 

5.08 3 8 +  4 34_+ 2 155_+ 6 e 208-+  36 

10.15 39-+  5 3 7 ±  12 8 0 - + 1 0  303-+  48 e 
20 .30  37-+  8 51-+  12 23-+  6 c 541-+  98 e 

40 .60  - 91 + 34 e 445 -+ 102 e 

81 .20  - 6 2 +  5 c  _ 2 6 8 +  16 c,c 

S R C - I I H D  d 0.00 b 2 6 ±  4 44-+  7 5 5 +  6 111-+ 14 

62 .50  - 343 -+ 20 e 2796 -+ 203 c 

2 A A  d 0.00 b 26-+  4 4 4 ±  7 55-+ 6 1 1 1 ±  14 

0.25 32_+ 8 48_+ 6 1 2 4 - + 2 0  ° 1 0 4 3 _ + 1 4 8 e  

AfB~ d 0.00 b 26 -+ 4 44 ± 7 55 -+ 6 111 -+ 14 

0.03 29-+  4 330-+  113 " 58-+  7 245 ± 36 ¢ 

a E a c h  d a t u m  re f lec t s  t he  m e a n  of  t h r e e  p la tes .  
h D M S O  solvent  con t ro l .  
c Cytotoxic .  

d ( / z g / p l a t e )  S R C - I I  H D  is a c o a l - d e r i v e d  r e f e r e n c e  ma te r i a l ;  2 A A  ( 2 - a m i n o a n t h r a c e n e )  a n d  A f B  1 (a f la tox in  BI )  a r e  posi t ive  
con t ro l s .  

- ,  no t  t es ted .  
e posi t ive  activi ty.  
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were added to the media. The criteria used to 
determine a positive mutagenic response for the 
test materials follow those described by Ames et 
al. (1975). The assays were repeated at least once 
in order to confirm the reproducibility of the 
results, and adjustments were made in the con- 
centrations of samples examined in subsequent 
tests. All the samples were tested with and with- 
out the 9000 × g  supernatant  ($9) of liver ho- 
mogenate  from Aroclor 1254 pre-treated,  male 
CD rats (500 m g / k g  bw). Because the growth of 
the YG1021 and YG1024 strains is slower than 
that of the conventional Ames strains, the plates 
containing these bacteria were incubated 72 h 
instead of the 48 h used for TA98, TA98NR and 
TA98 /1 ,8 -DNP 6 (in order to reach comparable 
colony sizes as recommended  by Dr. Nohmi [per- 
sonal communication]). SRC-II  H D  and 2AA 
were positive controls used to demonstrate  the 
improved sensitivity of YG1024 over TA98 in the 
detection of aromatic amines, and 1NP was uti- 
lized in a similar manner  for showing the im- 
proved sensitivity of YG1021 and YG1024 over 
TA98 in the detection of nitroarenes. AfB~ was a 
positive control that was used to examine the 
responses of the tester strains to a mutagen that 
was neither an aromatic amine nor a nitroarene. 

3. Results 

Table 1 shows that neither the WV nor the 
NM non-nitrosated coal extracts were mutagenic 
without nitrosation, but both extracts were muta- 
genic under all test conditions when nitrosated. 
The number  of revertants generated were similar 
between extracts within strains, but between 
strains, YG1024 expressed 2-4-fold higher values 
than TA98 in the absence of the $9, and 4-5-fold 
or higher values in the presence of the $9 frac- 
tion. In contrast to tester strain YG1024, the 
mutagenic activity of the nitrosated WV extract 
on TA98 was similar with and without the $9. 
The sodium nitrite solution was assayed on both 
TA98 and YG1024 for mutagenic activity with 
and without $9, but failed to show any mutagenic 
activity (data not shown). 

Table 2 shows the results of the nitrosated and 
non-nitrosated chewing-tobacco and snuff ex- 
tracts on both tester strains in the presence and 
the absence of the $9 microsomal fraction. The 
non-nitrosated tobacco products showed positive 
mutagenic activity only when assayed on the 
YG1024 tester strain in this comparative study. 
This activity occurred in the presence of the $9 
microsomal fraction with the snuff extract 

MUTAGENICITY OF NON-NITROSATED SNUFF EXTRACT (+S9)  
350- 

¢ 300- 

• 250- 
0 

o 200- 
E 

> 150- Q) 
r'r" 

"6 
100- 

JQ 

E 
z 5 0  

0 

m 
- E l -  YGI0~4 ~ TAge --)K-- YG1021 

TASeNR ~ TAgeDNP 

16.2 26.3 46.6 81'.2 
Concentration of Snuff Extract (mg/rnl) 

Fig. 1. Mutagenicity of non-nitrosated snuff extract ( + $9). 
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demonstrat ing the highest amount of mutagenic 
response. However, some low but positive activity 
was indicated for the non-nitrosated snuff sample 
on TA98 with $9 in confirmatory assays. The 
nitrosated tobacco materials each showed posi- 
tive mutagenic activity under all test conditions, 
except for the chewing-tobacco extract when as- 
sayed using TA98 without $9. The highest amount 
of mutagenic activity for each nitrosated extract 
occurred when YG1024 was used in the presence 
of the $9 fraction. This activity was 2-4-fold 
higher than the response for TA98 with $9. The 
nitrosated snuff extract with $9 demonstrated the 
highest amount of activity for the smokeless to- 
bacco materials regardless of the tester strain 
utilized. 

Table 3 shows the averaged data from two 
experiments examining the differential mutagenic 
activity of the non-nitrosated snuff extract across 
5 tester strains with varying O A T  and NR activi- 
ties. Only TA98NR showed any positive response 
without $9 and the mutagenic activity was quite 
low. Conversely, in the presence of $9, the non- 
nitrosated snuff was mutagenic in at least one 
concentration in all tester strains. Fig. 1 illus- 
trates that the S9-dependent mutagenicity (minus 
the solvent control values) was related to the 
activity of the OAT gene in the tester strain and 
not to the activity of the NR gene. The greatest 
mutagenicity was seen in YG1024 which contains 
multiple copies of the OAT gene and a single 
copy of the NR gene. Low amounts of mutagenic 
activity were seen in strains TA98NR, TA98 and 
YG1021, which contain single copies of the OAT 
gene and varying copy numbers of the NR gene. 
The least amount of mutagenic activity (margi- 
nally signif icant)was shown on TA98/1,8-DNP6 
which lacks the OAT gene and contains a single 
copy of the NR gene. 

4. Discussion 

The results of the Ames  testing of the coal-dust 
extracts with TA98 (Table 1) confirmed the find- 
ings of Whong et al. (1983), which indicated that 
the acidified extracts were not mutagenic (or had 
very low mutagenicity) unless reacted with nitrite. 

Also, as previously detailed, the nitrosated ex- 
tracts contain frameshif t- inducing mutagens  
which expressed mutagenic activity in the absence 
of the $9 microsomal fraction. In the study re- 
ported here, we found that the mutagenic activity 
expressed on YG1024 without $9 was consider- 
ably higher (up to 4-fold) than the activity found 
using TA98. Since YG1024 shows enhanced activ- 
ity to nitroaromatic compounds in the absence of 
the $9 (Watanabe et al., 1990), our results imply 
that nitroarenes may be one of the reaction prod- 
ucts of nitrite with coal dust at low pH, and may 
in part contribute to the biological activity ot: 
nitrosated coal dusts. These findings are consis- 
tent with those of Pelroy and Stewart (1981), who 
suggested that the reaction of coal dust or coal 
fractions with nitrous acid may produce nitroaro- 
matic compounds. While it is possible that 
YG1024 detected the presence of N-nitroso com- 
pounds with increased sensitivity, this is unlikely 
since these agents are generally base-pair substi- 
tution mutagens (Andrews et al., 1978). Einisto et 
al. (1991) indicated that of 3 nitroso compounds 
( N-methyl-N'-nitro-N-nitrosoguanidine, 1-nitro- 
sopyrrolidine, and p-nitrosophenetole)  assayed in 
comparative studies on TA100 and its OAT over- 
producing derivative (YG1029), only p-nitroso- 
pyrrolidine demonstrated increased activity on the 
OAT tester strain. Thus, the results of our cur- 
rent study infer that it is improbable that N- 
nitroso compounds are involved in the observed 
genotoxicity of nitrosated coal dust extracts. Ni- 
tro-aromatic compounds, however, must be con- 
sidered as likely candidates along with the C- 
nitroso compounds as suggested by Whong et al. 
(1983). Furthermore,  because nitroarenes arc 
converted into arylamines in vivo (Schemeltz and 
Hoffmann, 1977), the apparent  presence of ni- 
troarenes may imply in vivo exposure to ary- 
lamines as well. 

The nitrosated WV coal extract elicited con- 
siderably higher mutagenic activity on YGI024 
with $9 than without $9, whereas the NM extract 
showed slightly less activity in the presence of the 
$9 fraction for this tester strain. The increased 
amount of indirect-acting activity in conjunction 
with the greatly enhanced responses in the pres- 
ence of the $9 for YG1024 versus TA98 may be 



S. Craig Stamm et al. /Mutation Research 321 (1994) 253-264 261 

indicative of the presence of aromatic amines in 
the nitrosated WV extract, but not in the NM 
extract. Since it has been shown that the muta- 
genicity of nitro-aromatic compounds are gener- 
ally reduced by the presence of the $9 fraction 
(Shah et al., 1991), the demonstrat ion of in- 
creased mutagenicity in the presence of metabolic 
activation for the WV extract may further suggest 
the existence of aromatic amines in this coal-dust 
concentrate.  

The Ames testing of smokeless-tobacco ex- 
tracts also yielded interesting findings. In agree- 
ment  with the u m u  assays of Shirname-Mor6 
(1991), the acidified, non-nitrosated smokeless to- 
bacco extracts failed to demonstrate  significant 
mutagenic activity on TA98 with or without $9. 
However, low but significant mutagenic activity 
was detected in several confirmatory studies on 
the non-nitrosated snuff extract with $9. This 
slight variation in results between these two stud- 
ies may be accounted for by the drying process, 
used in the current study prior to the extraction 
of the smokeless-tobacco materials, which could 
allow for more complete extraction of nonpolar 
plant matrix substances. Nonetheless, these re- 
sults differ appreciably from those of Whong and 
co-workers (1987), who detected modera t e  
amounts of mutagenic activity in the standard 
Ames plate-incorporation assay for acidified snuff 
extracts on TA98 with and without $9. These 
conflicting findings may be related to the use of 
pre-incubation in the assays of the current study 
and those of Shirname-Mor~ (1991). Alterna- 
tively, these data may indicate possible recent 
changes in the chemical composition of these 
tobacco products, such as a reduction in the 
nitrate levels which would lessen the chances for 
formation of mutagenic nitrogen containing com- 
pounds. 

In contrast to the mutagenicity assays per- 
formed on TA98 with the acidified tobacco ex- 
tracts, the comparative assays using these extracts 
on YG1024 indicated a positive response in the 
presence of the $9 for both tobacco products. 
This activity was marginal for the chewing-tobacco 
extract, but was moderately high for the snuff 
extract (Table 2). These findings are consistent 
with the need for both biometabolism (as indi- 

cated by the requirement for $9) and the need for 
OAT activity, which may implicate that aromatic 
amines play a role in the mutagenicity of the 
acidified tobacco extracts. 

In the comparative study using 5 bacterial 
strains with varying OAT and NR activities, the 
acidified, non-nitrosated snuff was highly muta- 
genic in YG1024. The mutagenic activity corre- 
sponded directly with the activity of the OAT 
gene in the various tester strains (Fig. 1), further 
supporting the evidence for the presence of aro- 
matic amines in these extracts. In contrast, the 
activity of the NR gene under these conditions 
(without $9) was unrelated to mutagenic activity 
and the presence of nitroarenes was not indi- 
cated. Aromatic amines such as aniline, aniline 
derivatives, and tyramine have been shown quali- 
tatively by chemical analysis to be present in 
smokeless tobaccos (Hoffman and Schmeltz, 1977; 
IARC, 1985), however there is little known bio- 
logical evidence that suggests the presence of 
aromatic amines in these materials. Furthermore,  
PooI-Zobel et al. (1991) have indicated that aro- 
matic amines and nitrosamines may be responsi- 
ble for the malignant tumors produced in humans 
upon exposure to tobacco and tobacco smoke-re- 
lated products. Tobacco-specific nitrosamines 
(TSNAs) seem unlikely to account for the differ- 
ential activities of the smokeless tobacco products 
between TA98 and YG1024, since these com- 
pounds are thought to be activated through hy- 
droxylation of the a-carbon attached to the ni- 
troso nitrogen (Hoffmann and Hecht, 1985). 

The nitrosated smokeless tobacco samples 
generally demonstrated enhanced mutagenic ac- 
tivity over the non-nitrosated samples on both 
TA98 and YG1024 with and without the $9 frac- 
tion. Only the chewing-tobacco sample without 
$9, when tested on TA98, failed to show a posi- 
tive response or trends of increased revertant 
numbers. The mutagenic activity of snuff was 
greater  than that of chewing tobacco at all con- 
centrations tested. Similar to the situation with 
the non-nitrosated tobacco, mutagenic activity on 
YG1024 was much greater  than that on TA98. 
The nitrosated snuff extract was 3-4-fold more 
mutagenic on YG1024 than on TA98 without $9. 
These data may be indicative of the presence of 
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nitroarenes in the nitrosated extracts of the snuff 
material due to both the enhanced activity of 
YG1024 versus TA98 and the direct-acting na- 
ture of the mutagenic activity. Although the pres- 
ence of nitroarenes has been documented for 
tobacco smoke (Schmeltz and Hoffmann, 1977), 
their presence in smokeless tobacco is incom- 
pletely investigated. However, their presence as 
reaction products of the nitrosation process is 
possible (Kato et al., 1991; Wang et al., 1984), 
and in the absence of further chemical identifica- 
tion cannot be ruled out (Whong et al., 1985). 
Also, the mutagenic activity with $9 was elevated 
in almost every case upon nitrosation, which may 
suggest the additive effect of pre- and post-nitro- 
satable materials on the overall mutagenic activ- 
ity. Sasagawa et al. (1988) and Kato et al. (1991) 
have indicated that nitroarenes can be formed 
through the reaction of aromatic amines with 
nitrite, which may account for a portion of the 
increased direct-acting activity as detected with 
YG1024 in the nitrosated snuff extract. 

Aromatic amines are thought to arise in to- 
bacco from proteins and amino acids (notably 
phenylalanine or tyrosine) by decarboxylation as 
a result of enzymatic or microbial degradation 
(Schmeltz and Hoffmann,  1977). Differences in 
processing conditions allow more time for the 
conversion of proteinaceous substances into aro- 
matic amines in the tobaccos used in manufactur-  
ing of snuffs, because snuffs are generally cured 
longer than chewing tobaccos (Shapiro, 1981; 
Rizio, 1984). The flue-curing process (used in 
many instances) is another  possible source of 
aromatic amines in smokeless tobacco products. 
In this process, fires in the enclosed curing areas 
desiccate the tobacco material and terminate fer- 
mentative processes (IARC, 1985). Since incom- 
plete combustion of organic fuels can cause the 
formation of soots containing aromatic amines 
(and nitroarenes), these fires may contribute to 
the mutagenic activity detected. Finally, the addi- 
tion of flavorants is a potential source of muta- 
genic activity. Since these palatable ingredients 
are classified as proprietary information, we do 
not know their composition. Nitro-containing fla- 

vorants have been noted by Schmeltz and Hoff- 
mann (1977) in cured tobaccos. 

The findings of this study indicate the possible 
presence of nitroarenes as reaction products of 
the nitrosation processes for both coal and to- 
bacco materials. Also, aromatic amines are likely 
components  of an acidified snuff extract and may 
be present in the nitrosated extract of one coal 
(WV). Although these compounds may be in low 
concentrations (in comparison with nitroso com- 
pounds), they appear  to be biologically active. 
and repeated exposure of miners to these com- 
pounds may in part contribute to the observed 
increases in gastric cancer in these individuals. 
Also, it is important to note that the carcinogenic 
potential of heterocyclic amines is enhanced by 
the presence of tumor promotors (Sugimura et 
al., 1982), which are potentially present within 
both smokeless tobacco and the working (particu- 
larly mining) environment. Aromatic amines and 
nitroarenes may also be etiologically associated 
with oral cancer in users of smokeless-tobacco 
products. Furthermore,  this study may explain 
some of the ambiguous findings in regard to the 
examinations of tobacco materials for the pres- 
ence of nitroso compounds in previous genotoxic- 
ity assays. As detailed by Bagwe and Bhisney 
(1991), Guttenplan et al. (1987), Hof lmann and 
Hecht (1985) and others, the genotoxicity of 
TSNAs often does not match the observed geno- 
toxicity of tobacco products. Thus, the detailing 
of potentially bio-active compounds other than 
the nitrosamines may give a greater understand- 
ing of the overall genotoxicity of tobacco prod- 
ucts. The findings presented in this study are not 
meant  to de-emphasize the importance of the 
role of TSNAs in the genotoxicity of these chemi- 
cally complex products, but rather to complement  
earlier studies and offer some alternatives that 
should be further examined for their importance. 

It is somewhat unusual to use a biological 
assay system to examine samples for the detec- 
tion of compounds that are either difficult to 
detect chemically or have not been subjected to 
chemical analysis. However, it may point to the 
importance of mutagen/carcinogen-specif ic  as- 
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says that can rapidly detect genotoxic agents in 
select complex mixtures, which could then be 
subjected to more precise chemical analyses. 

Acknowledgements 

This study was conducted while the first au- 
thor held a National Academy of Sciences - -  
National Research Council Associateship. The 
authors of this paper  would like to acknowledge 
Mr. John Stewart for his technical support and 
advice and Dr. Ann Hubbs for her editorial com- 
ments and contributions to the literature search. 

References 

Aeschbacher, H.U., and R.J. Turesky (1991) Mammalian cell 
mutagenicity and metabolism of heterocyclic aromatic 
amines, Mutation Res., 259, 235-250. 

Ames, B.N., J. McCann and E. Yamasaki (1975) Methods for 
detecting carcinogens and mutagens with the Salmonella/ 
mammalian-microsome mutagenicity test, Mutation Res., 
31,347-364. 

Andrews, A.W., L.H. Thibault and W. Lijinsky (1978) The 
relationship between mutagenicity and carcinogenicity of 
some nitrosamines, Mutation Res., 51,319-326. 

Bagwe, A.N., and R.N. Bhisney (1991) Mutagenicity of pro- 
cessed bidi tobacco: possible relevance to bidi industry 
workers, Mutation Res., 261, 93-99. 

Einisto, P., M. Watanabe, M. Ishidate Jr. and T. Nohmi 
(1991) Mutagenicity of 30 chemicals in Salmonella ty- 
phimurium strains possessing different nitroreductase of 
O-acetyltranferase activities, Mutation Res., 259, 92-102. 

Falk, H.L., and W. Jurgelski (1979) Health effects of coal 
mining and combustion: carcinogens and cofactors, Envi- 
ron. Health Perspect., 33, 203-226. 

Gray, R.H., H. Drucker and M. Massey (1988) Introduction 
and summary, in: R.H. Gray, H. Drucker and M. Massay 
(Eds.), Toxicology of Coal Conversion Processing, Wiley- 
Interscience, New York, pp., 1-11. 

Guttenplan, J.B. (1987) Mutagenic activity of smokeless to- 
bacco products in the USA, Carcinogenesis, 8, 741-743. 

Hoffmann D., and S.S. Hecht (1985) Nicotine-derived N- 
nitrosamines and tobacco-related cancer: current status 
and future directions, Cancer Res., 45, 935-944. 

International Agency for Research on Cancer (1985) Tobacco 
habits other than smoking: Betel quid and arecanut chew- 
ing; and some related nitrosamines, Monogr., 37, 1-235. 

Kato, T., N. Tadokoro, M. Tsutsui and K. Kikugawa (1991) 
Transformation of arylamines into direct-acting mutagens 
by reaction with nitrite, Mutation Res., 249, 243-254. 

Matolo, N.M., M.R. Klauber, W.M. Gorishek and J.A. Dixon 

(1972) High incidence of gastric carcinoma in a coal min- 
ing region, Cancer, 29, 733-737. 

Oda, Y., T. Shimada, M. Watanabe, M. Ishidate Jr. and T. 
Nohmi (1992) A sensitive umu test system for the detec- 
tion of mutagenic nitroarenes in Salmonella typhimurium 
NM1011 having a high nitroreductase activity, Mutation 
Res., 272, 91-99. 

Ong, T., W.-Z. Whong and R.G. Ames (1983) Gastric cancer 
in coal miners, a hypothesis of coal-mine-dust causation, 
Med. Hypoth., 12, 159-165. 

Pelroy, R.A., and D.L. Stewart (1981) Effects of nitrous acid 
on the mutagenicity of coal liquids and their genetically 
active chemical fractions, Mutation Res., 90, 297-308. 

Pelroy, R.A., and B.W. Wilson (1981) Fractional distillation as 
a strategy for reducing the genotoxic potential of SRC-II 
coal liquids, PNL-3787, Pacific Northwest Laboratory, 
Richland, WA, NTIS, Springfield, VA. 

Pool-Zobel, B.L., P. Schmezer, U. Liegibel and R.G. Klein 
(1991) Studies on the systemic genotoxicity of N-nitrosa- 
mines found in tobacco smoke and tobacco, Mutation 
Res., 252, 186-187. 

Rizio, D. (1984) Smokeless tobacco, Tabak-J. Int., 2, 183-184. 
Rockette, H.E. (1977) Cause specific mortality of coal miners, 

J. Occup. Med., 19, 795-801. 
Sasagawa, C., M. Muramatsu and T. Matsushima (1988) For- 

mation of direct mutagens from amino-imidazoazaarenes 
by nitrite treatment, Mutation Res., 203, 386. 

Schmeltz, I. and D. Hoffmann (1977) Nitrogen-containing 
compounds in tobacco and tobacco smoke, Chem. Rev., 
77, 3, 295-311. 

Shah A.B., I.R. Rowland and R.D. Combes (199l) Inhibition 
of dinitropyrene mutagenicity in vitro and in vivo using 
Salmonella typhimurium and the intrasanguinous host- 
mediated assay, Mutation Res., 253, 181-191. 

Shapiro, L. (1981) Warning: chewing tobacco and snuff may 
be dangerous to your health, Coal Age, 86, 74-79. 

Shirname-Mor6, L. (1991) Forward mutation of S. ty- 
phimurium by smokeless tobacco extracts, Mutation Res., 
259, 37-42. 

Stocks, P. (1962) On the death rates from cancer of the 
stomach and respiratory diseases in 1940-1953 among coal 
miners and other residents in counties of England and 
Wales, Br. J. Cancer, 16, 592-598. 

Sugimara, T. (1982) Mutagens, carcinogens and tumor pro- 
moters in our daily food, Cancer, 49, 1970-1984. 

Tucker, J.D., and T. Ong (1985) Induction of sister chromatid 
exchanges by coal dust and tobacco snuff extracts in hu- 
man peripheral lymphocytes, Environ. Mutagen., 7, 313- 
324. 

Wang, Y.K.R., T.I. Matula and R. Downie (1984) Formation 
of mutagens from phenazopyridine and nitrite interaction, 
Environ. Mutagen., 6, 452. 

Watanabe, M., M. Ishidate Jr. and T. Nohmi (1990) Sensitive 
method for the detection of mutagenic nitroarenes and 
aromatic amines: new derivatives of Salmonella ty- 
phimurium tester strains possessing elevated O-acetyl- 
transferase levels, Mutation Res., 234, 337-348. 



264 S. Craig Stature et al. / Mutation Research 321 11994) 253 264 

Weisburger, J.H. (1988) Past, present and future role of 
carcinogenic and mutagenic N-substituted aryl compounds 
in human cancer causation, in: C.M. King, L.J. Romano 
and D. Schuetzle (Eds.), Carcinogenic and Mutagenic Re- 
sponses to Aromatic Amines and Nitroarenes, Elsevier, 
Amsterdam, pp 3-29. 

Whong, W.-Z., R. Long, R.G. Ames and T. Ong (1983) Role 
of nitrosation in the mutagenic activity of coal-dust: A 
postulation for gastric carcinogenesis in coal miners, Envi- 
ron. Res., 32, 298-304, 

Whong, W.-Z., R.G. Ames and T. Ong 11984) Mutagenicity of 
tobacco snuff, possible health implications for coal miners, 
J. Toxicol Environ. Health, 14, 491-496. 

Whong, W.-Z., J.D. Stewart and T. Ong (1985) Formation of 
bacterial mutagens from the reaction of chewing tobacco 
with nitrite, Mutation Res., 158, 105-110. 

Whong, W.-Z., J.D. Stewart, Y.-K. Wang and T. Ong 11987) 
Acid-mediated mutagenicity of tobacco snuff: its possible 
mechanism, Mutation Res., 177, 241-246. 

Wu, Z.-L., J.-K. Chen, T. Ong, E.J. Matthews and W.-Z. 
Whong 11990) Induction of morphological transformation 
by coal-dust extract in BALB/3T3 A31-1-13 cell line. 
Mutation Res., 242, 225-230. 

Yagahi, T., M. Degawa, Y. Seino, T. Matsushima, M. Nagao, 
T. Sugimura and T. Hashimoto 11975) Mutagenicity ot 
carcinogenic azo dyes and their derivatives, Cancer Lett., 
191-196. 

Yamazaki, H., Y. Oda and T. Shimada (1992) Use of a newly 
developed tester strain Salmonella typhirnurium NM2009 
for the study of metabolic activation of carcinogenic aro- 
matic amines by rat microsomal cytochrome P-451) en- 
zymes, Mutation Res., 272, 183-192. 


