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A mutagenicity test was conducted for 1,4-
pentadiene-3-0l, 2,4-hexadiene, isoprene, cis- and trans-
piperylene in the bacterial mutation assay using Sal-
monella typhimurium (S. typhimurium) strain TA 100,
TA98, TA1535 and Escherichia coli (E. coli) WP2uvrA/
pKM101 with and without metabolic activation by S9
mix in the preincubation method. The mutagenicity of
1,3-butadiene was tested by the gas exposure method.
Mutagenicity was weakly positive for 1,4-pentadiene-
3-ol in TA 100 with S9 mix and was pseudopositive for
WP2uvrA/pKM101 without S9 mix. Mutagenicity was
very clear for 1,3-butadiene in 10 fold concentrated
TA1535 with S9 mix. The 2,4-hexadiene, isoprene, cis-
piperlylene and trans-piperlylene were not mutagenic
on S. typhimurium TA98, TA100, TA153S or E. coli
WP2uvrA/pKM101 with or without metabolic activa-
tion. It can be concluded from these results, that chemi-
cals, containing double bond carbon (C=C) chemical
generally tend to show weak mutagenicity in the pres-
ence of the metabolic activation system.
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INTRODUCTION

Human beings are exposed to many chemicals
directly or indirectly in their daily life activity. There
are thousands of chemicals in commercial use and
the scorecard contains reports on only 6800 of the-
ses chemicals (http in://www.scorecard.org/
chemical-profile). A review" of chemical hazards
was made in one report. Among various chemicals,
1,3-butadiene has been the subject of study, and a
number of studies on its toxicity have been reviewed
particularly its metabolism, carcinogenic and mu-
tagenic properties.>™ Its toxicity on human beings
was also studied.”

Most of the toxicity studies were conducted on
butadiene and isoprene® but not on the chemicals
cis-pieperlylene, trans-piperylene (isomers of 1,3-
pentadiene), 2,4-hexadiene or 1,4-pentadiene-3-ol.
These chemicals are structurally related to 1,3-buta-
diene which contains carbon double bond. Basic tests
to identify a hazardous feature such as carcinoge-
nicity, chronic toxicity, developmental or reproduc-
tive toxicity, ecotoxicity, environmental fate, mu-
tagenicity or neurotoxicity of cis-pieperlylene, trans-
piperylene, 2,4-hexadiene and 1,4-pentadiene-3-ol
are not available in the literature.” Only one report
evaluated 1,3-pentadiene for mutagenicity by Sal-
monellalmammalian assay.”

The uses of cis-pieperlylene, trans-piperylene,
1,3-pentadiene and 1,4-pentadiene-3-ol are not
known but their structures are related to 1,3-butadi-
ene (Table 1). The structures of these chemicals show
the carbon number distribution as C4-C6. The pe-
troleum gases also consist of C4 to C6 carbon at-
oms® and when inhaled by human beings have sev-
eral negative effects on human health. Research re-
ports on environmental contamination and human
exposure to cis-pieperlylene, frans-piperylene, 1,3-
pentadiene and 1,4-pentadiene-3-ol are not available.
Therefore, considering the above, an attempt was
made in the present study to determine the mutage-
nicity of cis-pieperlylene, trans-piperylene, isoprene
2,4-hexadiene and 1,4-pentadiene-3-ol by preincu-
bation assays using the bacterial tester strains Sal-
monella typhimurium (S. typhimurium) TA98,
TA100, TA1535 and Escherichia coli (E. coli)
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Table 1. Details of the Test Chemicals Used in the Present Study

Chemical Structure CAS No. Boiling Toxicity Reference
point (C)

cis-piperylene* CH3;CH=CHCH=CH, 1574-41-0 44 No mutagenicity 7

trans-piperylene*  CH3CH=CHCH=CH, 2004-70-8 42 No mutagenicity 7

1,4-Pentadiene-3-ol H,C=CHCH(OH)=CH, 922-65-6 26 Weakly mutagenic This study

2,4-Hexadiene CH3CH=CHCH=CHCH3; 592-46-1 82 No mutagenicity This study

Isoprene CH,=C(CH3)CH=CH, 78-79-5 34 No mutagenicity, 6
carcinogenic

1,3-Butadiene CH,=CHCH=CH, 106-99-0 —4 Carcinogenic, mutagenic, 5
genotoxic

*These two are isomers of the 1,3-Pentadiene and in the literature mutagenicity test was reported as 1,4-Pentadiene.

WP2uvrA/pKM101 in the presence and absence of
S9 mix. An assay was also conducted to measure
the mutagenicity for 1,3-butadiene by the gas expo-
sure method.

MATERIALS AND METHODS

Chemicals
Chemical sources: 1,3-Butadiene was from
Takachiho-Shoji Co Ltd. (Tokyo, Japan), 1,4-
pentadiene-3-ol from Aldrich, 2,4-hexadiene, iso-
prene, cis- and trans-piperlylene were purchased
from Wako Pure Chemical industries, Ltd. (Osaka,
Japan). L-Histidine, biotin and agar were also from
Wako Pure Chemical Industries, Ltd. Rat liver S9
and cofactor were purchased from Oriental Yeast
Corporation (Japan). The nutrient broth was from
Oxiod, Ltd. (Basingstoke, Hampshire, England).
Tester Strains The tester strains used in this
study: S. typhimurium TA98, TA100, TA1535 and
E. coli WP2uvrA/pKM101 were provided by Dr. B.
Ames via Matsushima [Japan Bioassay Research
Center (Kanagawa, Japan)]. The culture stocks were
stored at —80°C. The tester strain was freshly pre-
pared by pre-culturing for 10 hr in nutrient broth
(Oxiod no. 2).
Equipment —— Tesmedia plates were obtained
from Wako Pure Chemical Industries, Ltd. (Japan)
and Tedlar bags (10 L) used in the gas exposure test,
were purchased from GL Sciences Inc. (Tokyo, Ja-
pan).
Mutagenicity Testing
For Liquid Chemicals: The mutagenicity experi-
ment was conducted using preincubation assay.” The
chemicals used in this study is evaporated easily, so
we covered the test tube with parafilm [4 inch X
125 ft.roll, American Can Company (Greenwich, CT,

U.S.A.)] during the preincubation. The S9 mix (en-
zyme cofactors) was prepared according to the pro-
cedure of Ames er al.'® Tester strains were
precultured with the nutrient broth and the reaction
mixture containing phosphate buffer/S9, cofactor,
preculture strain and the test chemical (at concen-
trations of 500 ug, 1000 pg, 2000 ug or 5000 ug) was
then preincubated while shaking at 37°C for 20 min.
After shaking the mixture was mixed and immedi-
ately after adding top agar (2 ml) containing histi-
dine/biotin, the mixture was poured onto minimal
glucose agar plates. The positive control used dur-
ing —S9 mix was AF2 (2-(2-furyl)-3-(5-nitro-2-furyl)
acrylamide) for TA98, TA100, and WP2uvrA/
pKM101., and ENNG (N-ethyl-N’-nitro-N-nitro-
soguanigine) for TA1535 strains. The positive con-
trol used during +S9mix was BaP(benzo[a]pyrene)
for TA100, TA98 and for WP2uvrA/pKM101 and
TA1535 was 2AA (2-Aminoanthracene). The com-
bined solutions were vortex mixed and poured on
minimal glucose agar plates. Plates were incubated
at 37°C in the dark for 60 hr and counted using an
automatic laser colony counter [Spiral System In-
strument Inc., Model 500A (Bethesda, MD, U.S.A))].

For Gas Exposure Method: The mutagenicity
test for 1,3-butadiene was conducted according to
Araki et al.'V as follows: The tester strains were
precultured with the nutrient broth. The reaction
mixture contained phosphate buffer, S9, cofactors
and the preculture strain, these were mixed and im-
mediately after adding the top agar containing histi-
dine/biotin, the mixture was poured onto glucose
agar plates. The bacterial plates were placed upside
down without their lids, in a plate holder. The plate
holder was placed in a 10-L tedlar bag through an
opening on one side of the bag made by scissors.
The bag was then closed by folding the opening 2 or
3 times and sealing it with adhesive tape. Air in the
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bag was removed and then the gas was put in with a
test substance at a fixed amount per plate. The bac-
terial plates in the bag were kept at 37°C for a fixed
period. After termination of the exposure (24 hr), the
test substance gas in the bag was removed. The tape
was peeled off, the bag was left to stand for 30 min
and then covered with a lid and incubated for a fixed
time. Then the revertant colonies were counted.

RESULTS AND DISCUSSION

Mutagenicity was conducted by preincubation
assay” to test the toxicity of cis- and trans-
piperlylene, 1,4-pentadiene-3-ol, 2,4-hexadiene and
1,3-butadiene. The tests in each set were conducted
in triplicates three times with four different concen-
trations of each chemical. The results are discussed
for each chemical.

cis- and trans-Piperylene

These are isomers of the 1, 3 pentadiene, they
were tested for bacterial mutagenicity using the S.
typhimurium strains TA100, TA98, TA1535 and E.
coli WP2uvrA/pKM101. The concentrations of the
two isomers used was 500 ug, 1000 pg, 2000 ug and
5000 ug per plate (Fig. 1A and 1B). Cis- and trans-
piperylene did not show any dose related marginal
increase of revertant colonies in the presence or ab-
sence of the metabolic activation by S9 mix. From
these results it is judged that none of the tester strains
is sensitive to the isomers either in the presence or
absence of metabolic activation.

1,4-Pentadiene-3-ol

1,4-Pentadiene-3-ol was tested for bacterial
mutagenicity using the S. typhimurium strains
TA100, TA98, TA 1535 and E. coli WP2uvrA/
pKM101. Concentrations of 1,4-pentadiene-3-ol
used were 500 ug, 1000 ug, 2000 ug and 5000 ug per
plate. The mutagenicity was weakly positive for 1,4-
pentadiene-3-ol in S. typhimurium TA 100 with S9
mix and was pseudopositive in WP2uvrA/pKM101
without S9 mix. The results are shown in Fig. 1C.
In other strains no mutagenicity was observed in ei-
ther the presence or absence of S9 mix. There are no
other reports on this chemical in the literature to
compare or discuss. These results indicate that tester
strain TA 100 is more sensitive to 1,4-pentadiene
(in the presence of S9 mix) than the other strains
used in this study.

2,4-Hexadiene

2,4-Hexadiene was tested for bacterial mutage-
nicity using the S. typhimurium strains TA100, TA9S,
TA1535 and E. coli WP2uvrA/pKM101. Concen-
trations used were 500 ug, 1000 ug, 2000 pug and
5000 ug per plate. The 2,4-hexadiene was not mu-
tagenic and no dose related marginal increase of re-
vertant colonies was observed in the tester strains
used; the results are shown in the Fig. 1D . There
are no other reports on this chemical in the litera-
ture. The result shows that the none of the tester
strains used is sensitive to 2,4-hexadiene.

Isoprene

Isoprene was tested for bacterial mutagenicity
using the S. typhimurium strains TA 100, TA 98, TA
1535 and E. coli WP2uvrA/pKM101. Concentrations
used were 500 ug, 1000 ug, 2000 pg and 5000 ug per
plate. The isoprene was not mutagenic and no dose
related marginal increase of revertant colonies was
observed in the tester strains, the results are shown
in the Fig. 1E. One earlier report also found that iso-
prene was not mutagenic in S. typhimurium and did
not induce sister chromatid exchanges® in mice. The
present results confirmed this, none of the tester
strains used was sensitive to the chemical.

1,3-Butadiene

1,3-Butadiene was tested in the bacterial muta-
tion assay using S. typhimurium TA 1535 with and
without metabolic activation by S9 mix and showed
a positive response. The response was not marginal
in the absence of metabolic activation (S9). The re-
vertant colonies increased in TA 1535 with increas-
ing the concentration of 1,3-butadiene (Fig. 2). Dif-
ferent concentrations of 1,3-butadiene in the tedlar
bag were used as control (only air), 10%, 25% and
50%. The mutagenicity test was conducted with and
without concentrated tester strain culture. The posi-
tive results were more clear with the 10 fold con-
centrated tester strain than with the one not concen-
trated. The S9 mix at different volume (100 ul and
200 ul per plate) did not show much difference in
the revertant colonies. From these results, it is judged
that the concentrated tester strain TA1535 is more
sensitive to 1,3-butadiene than are TA100, TA98 and
WP2uvrA/pKM101 (results not shown). The rever-
tant colonies increased at 25% and decreased with
50% of 1,3-butadiene. This shows that the 50% gas
1s toxic to bacterial strain TA1535, and the meta-
bolic activation decreased at higher concentration
of 1,3-butadiene. Similarly, other studies also
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Fig. 1. Dose Response Curves of the trans-Piperylene, 2,4-Hexadiene, 1,4-Pentadiene-3-ol, cis-Piperylene and Isoprene on S. typhimurium
TA 98 (—l— ), TA 100 (—@—) and TA 1535 (—%—) and E. Coli WP2uvrA/pKM101 (—&—)
A) trans-piperylene B) cis-piperylene C) 1,4-pentadiene-3-ol D) 2,4-hexadiene and E) isoprene.
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Fig. 2. Results of the Mutagenicity of 1,3-Butadiene Assayed by Plate Exposure Method on S. typhimurium in TA 1535
(7250 ul S9/plate; [J 100 ul S9/plate; M 200 ul S9/plate). A: Batceria culture solution not concentrated. B: 10 times concentrated bacteria culture

solution.

showed TA1535 is sensitive to butadiene in the pres-
ence of S9 mix.>'" It is therefore concluded that the
concentrated bacterial strain can be used for the gas
exposure method.

Toxicity of 1,3-butadiene was studied on rat,
mouse, hamster and human beings and a review is
available in the literature.” Toxicity data on other
chemicals which are structurally related chemicals
to 1,3-butadiene: 1,4-pentadiene-3-ol, 2,4-
hexadiene, isoprene, cis- and trans-piperlylene is
scarce in the literature. Detailed studies on these
chemicals relating to carcinogenicity, reproductive
toxicity, chronic toxicity, neurotoxicity, ecotoxicity
and their environmental impact on different species
including human beings has to be explored in fu-
ture.

In conclusion, the mutagenic test was weakly
positive for 1,4-pentadiene-3-ol in TA100 with S9
mix and was pseudopositive in WP2uvrA/pKM101
without S9 mix. The test was very clear for 1,3-buta-
diene in TA1535 (in 10 fold concentration) with
metabolic activation. The results were negative for
2,4-hexadiene, isoprene, cis- and trans-piperlylene.
Negative results in this study do not prove, how-
ever, that these compounds lack toxicity in intact
mammals including human beings. No published
reports are available on the hazards of cis- and trans-
piperlylene, 1,4-pentadiene-3-ol, 2,4-hexadiene to
compare or discuss with the results of the present
study. Further detailed toxicological investigations
are necessary on cis- and trans-piperlylene, isoprene,
1,4-pentadiene-3-ol and 2,4-pexadiene.

Acknowledgements The Science and Technology

Agency and the Ministry of Health and Welfare of
Japan supported this study.

REFERENCES

1) USEPA (1998) Chemical hazard data availability
study: High production volume (HPV) Chemicals
and SIDS testing. Office of pollution prevention and
toxics, EPA, Washington, DC.

2) de Meester, C. (1988) Genotoxic properties of 1,3-
butadiene. Mutat. Res., 195, 273-281.

3) Arce, G. T, Vincet, D. R., Cunningham, M. J., Choy,
W. N. and Sarrif, A. M. (1990) In vitro and in vivo
genotoxicity of 1,3-butadiene. Environ. Health.
Prespect., 86, 75-78.

4) Melnick, R. L. and Huff, J. (1992) 1,3-Butadiene:
toxicity and carcimogenecity in laboratory animals
and in humans, Rev. Environ. Contam. Toxicol., 124,
111-144.

5) Hemmelstein, W. M., Acquavella, F. J., Recio, L.,
Medinsky, A. M. and Bond, A. J. (1997) Toxicology
and epidemiology of 1,3-butadiene. Crit. Rev.
Toxicol., 27, 1-108.

6) National Toxicology Program (1999) Toxicology
and carcinogenesis studies of isoprene in F344/Nrats.
NTP technical report.

7) Leiwen, M. B. and Marth, E. H. (1985) Evaluation
of 1,3-Pentadiene for mutagenicity by the
salmonella/mammalian microsome assay. Mutat.
Res., 157, 49-52.

8) USEPA (1978) Toxic Substances Control Act
(TSCA) PL94-469. Candidate List of Chemical
Substances, Addendum 1, Generic Terms Covering
Petroleum Refinery Process Streams, Washington
DC.



78

Vol. 48 (2002)

9) Yahagi, T., Nagao, M., Seino, Y., Matsushima, T.,

Sugimura, T. and Okada, M. (1977) Mutagenicities

of N-nitrosamines on salmonella. Mutat. Res., 48,
121-129.

10) Ames, B. N., Mccann, J. and Yamasaki, E. (1975)

Methods for detecting carcinogens and mutagens

with Salmonella/mammalian mutagenicity test.
Mutat. Res., 31, 347-364.

11) Araki, A., Noguchi, T., Kato, F. and Matsushima,
M. (1993) Improved method for mutagenicity testing
of gaseous compounds by using a gas sampling bag.
Mutat. Res., 307, 335-344.



