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A Study on High Sensitization of Micro Forward-mutation Aséay

Yukihiko Takagi

Recently the frequency of lung caﬁcer has increased and air
pollution is noticed as one of the causes. Many kinds of mutagens and
caricinogens are present in the natural environment. Mutagens are not
only correlated with caricinogens but also are participants in
hereditary virulence. Mutation assays using hacteriaffgfﬁﬁfsg;
employed to examine these mutagens, because they have the following
merits:

1) It is easy to judge the test results.
2) The cost of the assay is cheaper than that of other tests such
as animal tests.

3) Since large instruments are not needed in the assay, the evalu-

ation of the mutagenicity can easily be made in any locations.



The Ames assay is widely used as a representative of the mutation
assays using bacteria.

Human exposure to mutagens and caricinogens in indoor air is a
matter of concern, since we spend approximately 80% of our time
indoors, either in our homes, workplaces or in schools. [Indoor air
pollution, however, is»influenced not bnly by the influx of outside
air but also by characteristic indoor sources such as smoking, cooking,
heating, etc. Concentration of mutagens indoors fluctuates largely
with many factors. 1t is very important to measure the mutagenicity
of indoor airborne particulates, especially it’s hourly variation and
to monitor the personal exposure to airborne mutagens. The size of
indoor air samples collected for a short time is very small. It is,
therefore, impossible to assay the indoor air samples with the stand-
ard Ames assay, as the Ames assay requires a relatively large sample
size such as outdoor air samples collected from a large volume of air.

Sensitivity of the forward mutation assay ( Skopeck assay ) to

8-azaguanine resistance is nearly the same as that of the Ames assay.



Lewtas(1987) developed a sensitive micro forward-mutation assay using
Salmonella sp.(1) serovar typhimurium strain TM677 by the modification
of the original assay by Skopeck and showed it’s usefulness for the
mutagenicity survey of indoor environment. She confirmed that this
assay is applicable to the measurement of mutagenicity of indoor air
particulates collected.at a flow rate 6f 20 1/min for 24hr. This
assay is presently considered to be the most sensitive developed so
far of ihe mutation assays using bacteria. However, no assays have
been established for detecting muiagenicity of such a small sample
size as indoor air samples collected for a short time under 24ihr.
Therefore, it is necessary to develop a more sensitive mutation ascay
in order to survey mutagenicity of air particulates indoors in more
detail and also to measure personal exposure to airborne mutagens.

The present study was carried out to improve the micro forward-
mutation assay (Lewtas assay) for evaluation of mutagenicity of indoor
airborne particulates which were collected in a short time and air-

borne particulates which were collected by personal air samplers.



The results obtained are summarized as follows.

A highly sensitive ultramicro forward-mutation assay using
Salmonella typhimurium strain TM677 was developed by the modification
of the preincubation step of the micro forward-mutation assay. That
is, the volume of solqtion in the prefncubation step was reduced to
101, 1/10 of that of the micro forward mutation assay. The diffi-
culty due to this volume reduction was overcome by the use of
dichloromethane in solvent exchange for a test sample preparation and
a 100u 1 of newly reduced test vial with a teflon stopper in the pre-
incubation step.

A validity test of the ultramicro forward-mutation assay was
carried out using BaP, 4NQ0O, benzene-ethanol extract from an outdoor
airborne particulates ( collected in Sagamihara city and in Washinton
D.C. ) and indoor airborne particulates ( collected at Azabu Universi-
ty in Sagamihara ). Particulates in air indoors and outdoors were

collected on a quartz fiber filter using low and high volume air



samplers with an air flow rate of 20 and 1000 1/min for 24hr. Organ-
ic components were extracted from the particulates by an ultrasonic
extraction method using benzene-ethanol ( 3:1 v/v ) and dried up under
a reduced pressure. The organic components were stored at -80°C until
use. On the day of the mutagenicity test, the extracts were redis-
solved in dichloromethgne, and subjectéd to mutagenicity assays after
a solvent exchange to dimethyisulfoxide. The ultramicro forward-
mutation assay gave 10 times higher sensitivity than that of the
Lewtas assay ( micro forward mutation assay ) and about 100 times
higher than that of the Ames ( preincubation ) assay. Repeatability
of this assay was nearly the same as that of the micro forward-
mutation assay, that is, the coefficient of variétion of the mutation
frequency for BaP and 4NQO and airborne particulate extracts were
about 10% in the test condition of both the presence and absence of
SOmix.

The ultramicro forward-mutation assay was applied to the measure-

ment of mutagenic activity of indoor air samples collected for 2hr in



general homes in Hong-Kong, Tokyo and Kawasaki-city. It was found
that this assay had the potentiality to measure mutagenicity of air-
borne particulates collected from about 3m3 of air which correspond to
the air volume of 2hr indoor air sampling at a flow rate of 20 I/min.
This aésay was also applied for the measurement of hourly variation
( every 2hr ) of mﬁtagenic activity of.airborne particulates indoors
and outdoors. The results revealed that mutagenic activities indoor
were nearly the same with those outdoors in the night time, but were
enhanced-largely in the day time and that the mutagenic activity in-
doors in the apsence of S9mix was well correlated with human activity.
It was also found that indoor air pollution by carcinogens and mu-
tagens was Iafgely affected by cigarefte smoking and that an air
cleaner proved to be very effective in the reduction of the indoor air
pollution by mutagens from cigarette smoking.

A preliminary survey on personal exposure to airborne mutagens
was performed in order to confirm the utility of the ultramicro for-

ward-mutation assay. Four subjects ( 2 non-smokers and 2 smokers ) in



winter and five subjects ( 3 non-skomers and 2 smokers ) in summer
each carried a personal sampler and collected airborne particulates at
a flow rate of 1.5 ~ 2.0 1/min for 24hr. The results demonstrated

that smoking enhanced remarggbly a personal level of exposure to air-

borne'mutagens. 7 subjects ( 4 non-smokers and 3 smokers ) each
carried a personal sampler everyday for one week in winter. Mutagenic
activity within the same subject changed about 40 times, depending

upon the sampling of the day.
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Fig. 3 Selection of the solution volume in the preincubation step.
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Fig. 5 Comparison of mutation frequency for BaP by the ultramicro forward-mutation
assay and the micro forward-mutation assay.
©: Ultramicro forward-mutation assay
A Micro forward-mutation assay
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Fig. 6 Comparison of mutation frequency for 4NQO by the ultramicro forward-mutation
assay and the micro forward-mutation assay.
©: Ultramicro forward-mutation assay
A: Micro forwvard-mutation assay
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Table 1. Reproducibility of mutagenic activity of BaP(+S9mix)/ 1L g

and 4ANQO(-SOmix)/ng by the ultramicro forward-mutation assay.

Specific mutation_frequency(X10-3)*
Number of test
1 2 3 4 5 average s.d.** c.v.(Q)¥¥x

+S0mix
-S9mix

2.39 2.24 2.45 3.08 2.40 2.51 0.33 13.1
1.10 0.83 0.84 1.00 0.80 0.95 0.10 10.5

%: Specific mutation frequency was calculated from the slope of the initial
linear portion of each dose-response by least squares linear regression method.
¥%: Standard deviation
%% Coefficient of variation
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Tahle 3. Comparison of sensitivity of three mutagenicity assays for airborne
particulate extracts in Sagamihara.

Minimum detectable amount( i g)¥

Ultramicro Micro Ames method
forward-mutation forward-mutation (preincubation)
TMBTT TMBT7 TA100 TAGS
+S9mi x 3 31 205 169
~S9mix 2 18 160 103

¥:Amount of airborne particulate extract which gives twice response of control



Table 4. Reproducibility of mutagenic activity of airborne particulate
extracts in Sagamihara by the ultramicro forward-mutation assay.

Specific mutation frequency(X10-5) of extract(ug)*
Number of test

1 2 3 4 5 average s.d.¥* c.v.(@F¥*
+S9mix 1.43 1.20 1.12 1.00 1.33 1.22 0.17 13.9
-SOmix 6.02 6.60 5.73 5.25 4.77 5.67 0.70 12.3

%: Specific mutation frequency was calculated from the siope of the initial
linear portion of each dose-response by least squares linear regression method.
%% Standard deviation
%% Coefficient of variation



Table 5. Reproducibility of mutagenic activity of airborne particulate
extracts in Sagamihara by the micro forward-mutation assay.

Specific mutation frequency(X10-9) of extract(ug)*
Number of test

1 2 3 4 5 average s.d.¥*  c.v.(F)¥*¥x*
+S9mix 10.3 10.8 8.72 11.7 9.54 10.2 1.2 11.8
-SOmix 14.1 17.9 15.9 17.4 14.2 15.9 1.8 11.3

%: Specific mutation frequency was calculated from the slope of the initial
linear portion of each dose-response by least squares linear regression method.
¥%. Standard deviation
f¥%: Coefficient of variation



Table 6 Mutagenicity of airborne particulates obtained at living
rooms of 3 homes in Hong Kong.

Mutation frequency(x10-4)/m3

Home Date Air voi.(u3) +S%mi x -SOmix

A 10-14 28.8 7.76 & £ 1.22 & 5%
10-15 28.8 2.30 10.82410.39 2.56 5.1145.61
10-16 28.8 22.40 11.54

B 10-17 28.8 8.72 4.60

C 10-25 28.8 10.40 ¥ 29.96 $%
10-26 28.8 4.96 5.62+3.32 17.88 23.6445.22
10-27 28.8 4.38 25.40
10-28 28.8 2.74 21.32

Air vol.: Air volume, %: Average, %¥: Standard deviation



Table 7. Mutagenicity of indoor airborne particulates in Kawasaki.

Mutation frequency(x10-4)/m?

Place Date Air vol.(m3) +S9mix -SOmix

Kitchen 7-18 27.94 10.66 5.06
7-19 27.94 15.40 13.06
7-20 27.92 38.08 *¥% 5.50 X%
7-21 27.92 7.3 7.8444.35 8.80 7.3213.11
7-22 27.82 3.38 6.64
7-23 28.28 7.48 8.42
7-24 28.05 2.52 3.76

Living room 7-18 28.80 6.90 4.90
7-19 28.76 18.42 6.24
7-20 28.80 3.04 « %% 6.90 « ¥
7-21 28.80 3.90 8.34+5.77 13.02 7.4943.24
T7-22 28.78 5.72 5.64
7-23 29.00 14.36 11.04
7-24 28.90 6.02 4.70

Study room 7-18 28.80 15.20 ¥ 13.94 X%
7-19 28.28 9.42 11.6143.13  8.34 10.57+2.97
7-20 28.94 10.22 9.44

Qut door T-21 29.15 2.46 % ¥¥ 9.38 « ¥%
7-22 29.19 1.18 2.2440.71 12.00 9.3744.63
7-23 29.09 2.54 12.08
7-24 29.03 2.76 4.02

Dining room 7-27 28.43 2.32 3.80
7-28 28.54 2.44 1.88
7-29 28.82 10.56 & £¥ 3.38 % $¥%
7-30 28.50 3.00 4.86+2.90 10.20 9.4746.73
7-31 28.80 6.24 16.14
8- 1 28.20 5.12 19.24
8- 2 28.95 4.36 11.62

Air vol.. Air volume, ¥: Average, ¥%. Standard deviation
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Table 9. Mutagenicity of indoor airborne particulates in Tokyo.

Mutation frequency(X10-4)/m3

Number +S9mi x -S9mix

of test Blank 10cig. Blank 10cig.
| 8.0 183.1 9.7 618.4
2 | 16.4 180.9 13.6 760.0

Average 1.7 182.0 11.7 689.2

10cig.: 10 cigarettes smoked
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Table 11 Mutagenicity of organic extracts from particulates collected
by personal air samplers in Sagamihara and Tokyo in winter.

Mutation frequency(X10-4)/m3

Sample +S9mix -SOmix
A 1.4 6.7
B 7.2 20.8
C 13.3 60.6

b 33.9 105.7
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Table 12. Mutagenicity of organic extracts from particulates collected
by personal air samplers in Sagamihara and Tokyo in summer.

Mutation frequency(X10-4)/m3

Sample +SOmix -SOmix
E 3.0 0.5
F 1.4 3.5
G 2.6 1.4
H 6.0 33.4
! 14.1 35.6
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