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Wholesomeness Studies on Gamma-Irradiated Smoked Fish 
Using Short-Term Mutagenicity Assays 

A.M. Dela Rosa and R.B. Banzon 

Chemistry Research Division 
Atomic Research Center 
Phil ippine Atomic Energy Commission 
Don Mari»no Marcos Avenue 
Dil iman, Quezon City 

ABSTRACT 

The e f fec t of gamma i r rad ia t ion on the 
mutagenicity potential o f wood-smoked mackerel 
(RastrelUqer BVJ) was investigated. Smoked 
f i sh were I r rad ia ted with doses of 2 . 0 , 4 . 0 , 
6 . 0 , and 8.0 KGy, and tested for mutagenic 
a c t i v i t y using the Salnonella p la te incorpora
t ion assay, host-medlatea assay, and micro-
nucleus t e s t . The DMS0 extract o f un i r ra 
diated smoked f i s h was found to be mutagenic, 
without metabolic ac t iva t ion , in Salmonella . 
strains TA 100 and TA 104, both sensit ive to 
base-pair substi tut ion mutations. Strains 
TA 98 and TA 97 which are sensitive to frame-
s h i f t mutations showed no mutagenic a c t i v i t y 
towards the same DMS0 extract . Tlje observed 
response towards tne Salmonella strains was 
not affected by i r rad ia t ion 1n the range of 
radiation doses studied. The presence of 
promutagens in the DMS0 extract of unirra
diated smoked f i sh was not detected using the 
host-mediated assay. In another in vivo t e s t , 
however, the same DMS0 extract Induced the. 
formation of nrfcronuclel 1n the bone marrow ce l ls 
of mice. Gamma I r rad ia t ion up to a dose of 
8 .0 KGy did not a f fec t the observed mutagen
i c i t y of wood-smoked f i s h . 

•J. 
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INTRODUCTION 

The technical feasibility of gamma irradiation as a process of 
food preservation and insect disinfestation in the Philippines has 
been amply demonstrated for the past 20 years. Beneficial effects 
such as delay in the ripening of mango (Herrera and Valencia, 1964; 
Lustre et al., 1982; Manalo et al., 1983), inhibition of sprouting 
in agricultural crops (Gonzales et al., 1969; Singson et al., 1978), 
reduction of microbial load in mango (Alabastro et al., 1978), banana 
(Flor et al., 1972), and smoked fish (Gonzales, 1981), extension of 
shelf-life of fish and fishery products (Gonzales et al., 1981; 
Guevarra, 1977; Pablo, 1978), and insect disinfestation (Viado and 
Manoto, 1964; Manoto and Blanco, 1982) have been observed. Within 
the dose range employed in the above studies, changes in the physico-
chemical, nutritional, and organoleptic properties of the food were 
not significant (Herrera and Valencia, 1964; Pablo et al., 1971; 
Bersamln et al., 1973; Gonzales et al., 1981). These studies show 
promise in the application of gamma radiation for the preservation 
of foods. 

Notwithstanding, the commercial application of food Irradiation 
technology has been delayed by the need to demonstrate clearly the 
safety of Irradiated food fcr consumption. There has been concern 
over the possible genetic effects of foodstuffs treated with such a 
powerful mutagenic agent as ionizing radiation. This opncern is 
based on radiation chemical data which show that the Irradiation of food can 
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give rise to complex chemical changes, and the production of mutagenic 
and/or carcinogenic radlolytic compounds cannot be excluded. 

Thus, It Is generally accepted that a clear demonstration of the 
safety of Irradiated food for consumption must precede any commercial 
application of the process. With this end In view, the present study 
alms to establish the toxicological safety of locally Irradiated food
stuffs by using Inexpensive but highly sensitive short-term mutagen
icity assays which Include the Ames Salmonella plate Incorporation 
assay, the host-mediated assay, and the nricronucleus test. These 
assays are complemented, when applicable, with the chemical analysis 
of radlolytic products of food biomolecules (Oela Rosa and Nuguid, 
1985). 

Smoked fish was chosen as the test food because It 1s Indigenous 
to Asia and Is consumed In relatively greater quantity 1n the region. 
It requires a medium-range radiation dose (2.0 - 4.0 KGY) to effect 
she1f-11fe extension and Insect dislnfestation. While studies abroad 
show that smoked food products are mutagenic, no toxicological data 
are available on Irradiated smoked fish. 

MATERIALS AND METHODS 
« 

Smoked Fish 
Fresh mackerel {fia8trelUger «p,) with an average individual 

weight of 30 grams were obtained from the Navotas and Civlte markets. 
A smoked fish manufacturer was contracted to prepare the samples using 
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the following procedure. The fish were eviscerated, washed with water 

to remove blood and slime and soaked tin concentrated salt solution for 

30 minutes. The fish were drained and then suspended In boiling brine 

solution until the eyes turned white. After boiling, the fish were 

dried, arranged on bamboo trays, and wood-smoked for 30-60 minutes 

until the surface turned golden brown. The smoked fish were cooled, 

packed in polyethylene bags, and stored at 4°C prior to Irradiation. 

The smoked fish In polyethylene bags were Irradiated at ambient 

temperature In the Gamma Cell 220 of the Philippine Atomic Energy 

Commission for total radiation dos-s of 0.0, 2.0, 4.0, 6.0, and 8.0 

KGY (0, 20C, 400, 600, and 800 Krads, respectively). The dose rate was 

determined using FeS04 (Fricke and Morse, 1927). 

Extraction Procedures 

Preparation of DMSO extract from smoked fish. The meat of the 

smoked fish was macerated using a mortar and pestle. The slurry was 

extracted with dimethyl sulfoxide (DMSO) at a ratio of 2.0 ml DMSO 

per gram of meat, and centrifuged for 15 minutes at 10,000 RPM. The 

supernatant was decanted and kept 1n the refrigerator until analysis 

time. 

Mutagenicity Assays 

Salmonella plate-lncorporation-assay. The mutagenic activity of 

each extract was assayed according to the method of Ameg and co-workers 

(1975). To 2 ml of the molten top agar at '45°C were added 0.1 ml of 
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an overnight bacterial culture (10 cells/ml) of the Salmonella mutant 

strain, and 50W of the DMSO extract. The colonies of histldine re-

vertants on each plate were counted after a 2-day incubation at 37°C. 

The histidine-'requirang strains Salmonella tyvhimuriun TA 98 

(TA 98),TA 100 (TA 100),TA 97 (TA 97), and TA 104 (TA 104)were kindly 

supplied by Dr. B.N. Ames (University of California, Berkeley, CA). 

In Vivo mutagenicity assays. The contribution of metabolic acti

vation/detoxification processes on the mutagenicity of the DMSO extract 

was undertaken using the host-mediated assay of Legator and Mailing 

(1971). The presence of mutagen(s) in the DMSO extract that can cause 

chromoscme breakage i.pon metabolic activation was determined by the 

micronucleus test according to Schmid (1975). Staining of the micro-

nuclei was performed using the procedure of GolUpudi and Kamra (1979). 

Chemicals 

Thiobarbiturlc acid, L-hist1d1ne and biotin were from Sigma 

Chemical Co., USA; Oxoid nutrient broth, from Oxoid Ltd., ErrgUnd; 

bacto agar from D1fco Co., USA; malondlaldehyde and DMSO from Aldrich, 

Co., USA. All other chemicals were of analytical reagent grade. 

Mammals 

Male and female albino mice were obtained from the Bureau of 

Research and Laboratories, Ministry of Health, Manila, and reared in 

the laboratory. They were given commercial pellet1zed^ehow and water 

ad libitum. 
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RESULTS 

Ames Salmonella Assay 

The dose-response curves of the DMSO extract of smoked mackerel 
(Raetrelliaef an.) are shown in Fig. 1A. For all the standard mutant 
strains employed in the Ames Salmonella test, the number of net re
vertant colonies increased with increase in DMSO extract concentration. 
At higher concentrations, however, the number of revertant colonies of 
TA 96, TA 100, and TA 104 was observed to level off, and that of TA 97 
decreased dramatically, evei. lower than the spontaneous reversion value. 
The decrease 1n revertant colonies was not due to any toxic effect of 
the extract because there was no clearing of the background lawn. In 
fact, there was an observed thickening of the background lawn upon the 
application of a relative extract concentration of 0.25 and higher. 
The decrease in the number of revertant colonies may be due to the 
presence of excess histidine in the medium. When present in concen
trations over 0.5 mM, histidine was observed to cause a thickening of 
the background lawn manifested by a zone of growth around the filter 
disk, thereby masking the formation of the revertant colonies (Table I) 
Yamasaki and Ames (1977) observed the same effect in their mutagen
icity test of urine which they attributed to the presence of extraneous 
histidine from the sample 1n excess of that prescribed by the standard 
method (Ames et al., 1975). 

Table II outlines the results of experiments on the mutagenicity 
potential of the DMSO extract of unirradiated smoked mackerel towards 
four standard Salmonella mutant strains. The mean number of revertant 
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colonies of TA 98 after incubation with different concentrations of 

the DMSO extract of smoked fish was not significantly different from 

the control. The extract was further tested on TA 97, a new mutant 

strain which has replaced T/» 1537 for the detection of frameshift 

mutagens, and which is more sensitive than TA 98 for certain frame-

shift mutagens (Levin et a ! . , 1982a). The DMSO extract exhibited no 

mutagenic activity towards TA 97. The data indicate that, at the 

concentration levels of the DMSO extract used, no direct-acting frame-

shift mutagens are present in the DMSO extract of smoked fish. 

Table I I further shows that the mean number of revertant colonies 

of both TA 100 and TA 104 exposed to different concentrations of the 

DMSO extract are significantly higher than the control. Significant 

mutagenic activity was attained only at higher extract concentrations. 

The tester strains TA 100 and TA 104 detect base-pair substitution 

mutagens with or without metabolic activation. The strain TA 100 has 

been used to detect the metabolic oxidation products of various poly-

cyclic aromatic hydrocarbons (PAHs) (McCann et a l . , 1975). Sato and 

co-workers (1980) discovered that the smoke condensates from some 

brands of joss sticks showed positive mutagenicity on TA 100 even 

without metabolic activation, and they showed that the mutagens are 

formed by the pyrolysls of the constituent materials of joss sticks. 

Yamaguchl (1984) used TA 100 to study the formation of mutagenic un

saturated aldehydes by reactions between saturated aldehydes and amino 

adds in smcked foods. On the other hand, TA 104 detects oxidative 

mutagens including qu1 nones, H~0?, and other hydrcperoxides as well as 
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a variety of aldehydes such as formaldehyde, g lyoxal , and malondial-

dehyde (Levin et a l . , 1982b). The results o f the mutagenicity tests 

wi th TA 100 and TA 104 indicate that , at the concentrations of the 

DMSO extract used, the extract from smoked f i sh contains d i rect -act ing 

base-pair subst i tu t ion mutagens. 

Effect of Gamma I r rad ia t ion on the Mutagenic Ac t i v i t y of Smoked Fish 
Towards the Salmonella Mutant Strains. 

The effects o f i r rad ia t ion on the mutagenic ac t i v i t y of smoked 

f i s h are presented in Fig. IB and Tables I I I - I V . F ig . IB shows the 

dose-response relat ionships between the number of revertant colonies 

of TA 100, TA 104, TA 98, and TA 97 and the concentration of the DMSO 

extract of i r rad iated smoked f i s h . These curves do not d i f f e r from 

those for the same tester strains treated wi th the DMSO extract of un

i r radiated smoked f i s h (Fig. 1A). Signi f icant mutagenic ac t i v i t y of 

i r radiated smoked f i s h was detected only at higher concentrations of 

the DMSO extract used (Table I I I ) . 

Table IV shows the absence of s ign i f icant differences between the 

mutagenicities of unirradiated and i r radiated smoked f i s h . The number 

of revertant colonies of TA 100 does not s ign i f i can t l y vary with 

radiat ion dose. The same number of revertant colonies of TA 98 and 

TA 97 were formed a f te r treatment wi th the DMSO extracts of e i ther 

irradiated or unirradiated smoked f i s h , indicat ing that gamma i r r a d i 

ation does not induce the formation of d i rect -act ing frameshift 

mutagens. The mutation data on TA 104 show some interest ing trends. 
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The mutagenicity 6f smoked f i sh i r radiated at 2.0 KGy is s ign i f i can t l y 

higher than that of samples rradiated at 8.0 KGy. The observed mutagen

ic a c t i v i t i e s , however, do not d i f f e r s ign i f i can t l y from that of the 

unirradiated samples. This observation can be correlated with data 

from the radiat ion chemical studies on the l i p ids of smoked f i sh inasmuch 

as the oxidation products of l i p ids have been found to induce back 

mutation in TA 104 (Levin, et a l . , 1982b). Dela Rosa and Nuguid (1985) 

reported that the concentration of th iobarb i tu r ic acid (TBA)-active 

compounds increases with radiation dose up to 6.0 KGy after which the 

concentration decreases. The data seem to indicate that a dose of 

8.0 KGy could be destroying potent ial mutagenic rad io ly t i c product(s) 

in smoked f i sh that might have been formed at lower radiat ion doses. 

However, the concentrations of the rad io ly t i c product(s) formed might 

not be suf f ic ien t to induce an increase in mutagenicity over that of 

unirradiated smoked f i s h . 

In Vivo Mammalian Mutagenicity Tests 

Table V shows the results of the host-mediated assay on the DMS0 

extract of smoked mackerel. With s, typhimurium G46 as the test 

organism, i t was found that the DMS0 extract did not induce any 

s igni f icant change in the mutation freguency of G46 re la t ive to the 

contro l . The data indicate that the DMSO extract does not contain 

point mutagens that require metabolic ac t iva t ion . However, since the 

strain G46 is speci f ic for base-pair subst i tut ion mutations, the pre

sence of frames hi f t promutagens cannot be ruled out. 
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Table VI shows the results of the micronucleus test on mice fed 

with the DMSO extracts o f unirradiated smoked f i s h . S ta t i s t i ca l 

analysis of the data shows that the mutation frequency in mice treated 

with the undiluted DMSO extract was s ign i f i can t l y higher than the 

mutation frequency in mice treated with DMSO alone. Thus, the DMSO 

extract contains mutagenic compounds that cause chromosome breakage in 

the bone marrow ce l ls of mice. 

The results of the in vivo tests on the effects of i r rad ia t ion on 

the mutagenicity of smoked f i sh are shown in Tables V and V I . The 

host-mediated assay on mice fed with the DMSO extract of i r radiated 

smoked f ish did not reveal any increase i n the mutation frequency o f 

G46 compared with the effect of the unirradiated sample. Moreover, 

there is no increase in the formation of micronuclei in the bone 

marrow cel ls of mice fed with the DMSO extract of i r radiated smoked 

f i sh compared with that of the unirradiated samples. Thus, the data 

indicate that a radiat ion dose of 8.0 KGy did not resul t in the form

ation of rad io ly t ic product(s) that could enhance either the base-peir 

subst i tut ion mutations or chromosome breakage af ter metabolic act iva

t i o n . 

DISCUSSION 

The present report on the mutagenicity of smoked f i sh confirms 

previous studies on the formation of mutagenic substances during the 

cooking of food. Some studies have documented the production of poly-

cyc l ic aromatic hydrocarbons (PAHs) i n both i ndus t r i a l l y and wood-
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smoked food including f i sh (L i j insky and Shubik, 1965; Mossanda et a l . , 

1979). The PAHs in smoked and charcoal-broiled food have been i den t i 

f ied (Panalaks, 1976). Nagao and co-workers (1977) found that the 

charred surface of broi led f i sh contains a considerable amount of frame-

sh i f t mutagens requir ing metabolic ac t iva t ion. The smoked condensate 

obtained from bro i l ing f i s h was found to be mutagenic towards TA 98 

and TA 100. Commoner and associates (1979) showed that mutagens are 

formed at much lower cooking temperature (200°C) or during prolonged 

dehydration by mild heat. Felton and co-workers (1981) recently re 

ported that the extracted organic base f ract ion of ground beef f r i ed 

at 200 C was highly mutagenic upon metabolic act ivat ion on Salmonella 

strains that are sensit ive to frameshift mutations. 

This study has established the presence of d i rect -act ing base-pair 

subst i tut ion mutagens in the DMS0 extract of smoked f i s h . The con t r i 

bution of PAHs and the pyrolysis products on the observed mutagenicity 

of smoked f i sh is not c lear ly established in the present study because 

no mutagenic a c t i v i t y was observed af ter metabolic act ivat ion in the 

host-mediated assay, in the presence of ei ther S-9 mix or by in vi.vo 

metabolic ac t i va t ion , the PAHs and the protein pyrolysates become 

mutagenic toward che Salmonella s t ra ins. Determination of the pre

sence and concentration levels of the PAHs and the protein pyrolysates 

in the smoked f i sh samples may be necessary to evaluate the i r role in 

the observed mutagenicity of smoked f i s h . Moreover, the use of S-9 

mix may be an a l ternat ive to thp host-mediated assay. 

Inasmuch as studies on fresh f i s h i r rad iated at 2.5 KGy showed 

no genetic toxicological ef fect (Kenner et a l . , 1982; Ph i l l ips et a l . , 

1980a; Ph i l l ips et a l . , 19U0b), any Increase 1n mutagenicity a f te r 



PAEC (A) ID 85007 
Page 12 

irradiation of smoked fish must be due to the formation of radiclytic 
products from compounds added to the food by the smoking process. 
These products may either be mutagenic by themselves or need metabolic 
activation, 'hese may also react with the constituents of foods, and 
form potentially mutagenic compounds. It has been reported that the 
same kinds of benzo ( a) pyrene oxidation products implicated in 
mammalian metabolism are obtained in radiation-induced air oxidations, 
and some of these products are weakly mutagenic toward Salmonella tester 
strains (Gibson and Smith, 1979). The radiation dose used in the study 
was 50 KGy. It is not known, however, if these products can be formed 
in the range of radiation doses (1 - 10 KGy) used in the present study. 
The results of the present study reveal that gamma irradiation does not 
alter the observed mutagenic activity of smoked fish in both the Ames 
Salmonella test and the in vivo mammalian tests. Thus, upon irra
diation, either no additional mutagenic products are formed or if there 
are, their concentrations are at such a low level as to cause a signi
ficant increase in the mutagenic activity. Very few studies, in fact, 
have been undertaken to investigate the possible synergistic effects 
of gamma irradiation on foodstuffs with known mutagenic activities 
such as smoked fish. A number of food additives have been found to 
be mutagenic. The interaction of these additives with gamma radiation 
during the radiation treatment of foods merits some investigation. 
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CONCLUSION 

Results of the present study show that wood-smoked f i sh 

(Pastrelliger sv.) exhibits mutagenic ac t iv i ty towards Salmonella 

tester strains TA 100 and 104 without metabolic ac t iva t ion , and induces 

micronuclei formation in the bone marrow of mice. Gamma i r rad ia t ion 

up to a dose of 8.0 KGy does not a f fec t the observed mutagenicity of 

wood-smoked f i s h . 
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TABLE I. EFFtCT OF HISTIOINE CONCENTRATION ON.IHE GROWTH 
AND REVERSION OF AMES TESTER STRAINS-*-7 

Histidine 
Concentration, 

roM 

TA 98 TA 100 Histidine 
Concentration, 

roM 'No. Revertant 
2/ " Colonies-' 

Zone of 
Growth (mm P 

No. Revertant 
Colonies-

Zone of 
Growth (mm) -f 

0.5 29.0 _ 92 _ 

1.0 18.0 - 92 -

10.0 9.0 23.0 63 30.0 

100.0 1.0 41.0 16 43.0 

1/ 
The desired concentration of histidine was mixed in the top agar. 

2/ 
Mean of three plates 

1/ Bacterial growth around the filter paper disc. 
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TABLE I I . MUTAGENIC ACTIVITY OF DMSO EXTRACT OF UNIRRADIATED 
SMOKED FISH TOWARDS SALMONELLA MUTANT STRAINS. 

Relative 
Concentration .of 
DMSO Extract^' 

Number of Revertant Colonies 1/ Relative 
Concentration .of 
DMSO Extract^' TA 98 TA 97 TA 100 TA 104 

1.000 19 * 3a!/ 141 * 2 3 ^ 141 - 39a!/ 410 - 86a!/ 

0.500 247 - 78a 350 - 80b 

0.250 21 - 4a 273 - 101a 122 - 27a 293 - 48c 

0.125 22 - 6a 269 - 101a 94 - 28b 278 - 41c 

0.062 20 - 2a 299 - 115a 79 - 14b 226 - 6Id 

Control - 1 17 - 3a 260 - 60a 77 - 16b 205 - 13d 

1/ The concentrations were indicated by the extent of 
dilution, e.g., 0.062 (lv extract : 8v solvent) 

2/ DMSO 

3/ Mean - SD of at least 3 tests with 3 petri plates per test 
(TA 98, 6 tests; TA 97, 3 tests; TA 100, 6 tests; TA 104, 5 tests) 

4/ Means followed by the same letter under one column are not 
significantly different from each other by Duncan's Multiple 
Range Test (DMRT) at p 4 0.01. 
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TABLE III. MUTAGENIC ACTIVITY OF DMSO EXTRACT OF SMOKED FISH, 
IRRADIATED AT 8.0 KGY, TOWARDS SALMONELLA MUTANT STRAINS. 

Relative 
Concentration 
DMSO Extract i? f 

Number of Revertant Co-loni *y Relative 
Concentration 
DMSO Extract i? f 

TA 98 TA 97 TA 100 TA 104 

1.000 23 i 1 4 ^ 161 - 52a- 7 128 - 37a- 7 462 +- 89ai/ 
0.500 264 t 36a 349 t 36b 

0.250 26 * 8a 244 - 67a 107 - 22ab 326 - 63b 

0.125 • 21 i 7a 289 - 99a 102 - 20ab 263 - 32c 

0.062 21 * 5a 281 - 80a 88 - l ib 255 - 27cd 

Contra l - 7 17 * 3a 260 - 60a 77 - 16b 205 - 13d 

1/ The concentrations of the DMSO extract were indicated by the 
extent of dilution, e.g., 0.062 (lv extract : 8v solvent) 

2/ DMSO 
3/ Mean - SD of at least 3 trials with 3 petri plates per tr ial 

(TA 98, 6 tr ials; TA 97, 3 tr ials; TA 100, 6 tr ials; TA 104, 
5 trials) 

4/ Means of the same letter indications show no significant 
difference at pc0.05 (DMRT). 

5/ Means of the same letter indications show no significant 
difference at p^O.Ol (DMRT). 
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TABLE IV. MUTAGENICITY OF OMSO EXTRACT OF SMOKED FISH 
TO SALMONELLA MUTANT STRAINS AS A FUNCTION OF 
RADIATION DOSE. 

Number of Revertant Colonies — 
TA 98 TA 100 TA 104 

0.0 17 t 3al/ 112 t 10a^ 395 t 75ab^ 
2.0 20 t 4a 113 t 28a 430 t 113a 
4.0 20 ± 6a 110 ± 20a 383 i 67ab 
6.0 15 t 2a 108 t 29a 347 i 60ab 
8.0 14 i 6a 117 t 26a 316 ± 47b 
Control-' 17 i 4a 88 ± 18b 226 ± 63c 

1/ DMSO 
2J Mean - SD of 3 trials with 3 petri plates per trial 
3/ Means followed by the same letter are not significantly 

different from each other by DMRT at p L 0.05. 
4/ Means followed by the same letter are not significantly 

different from each other by DMRT at p L 0.01. 
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TABLE V. RESULTS OF HOST-MEDIATED ASSAY ON MICE FED WITH DMSO 
EXTRAa OF SMOKED FISH USING G46 AS TESTER STRAIN K 

Trpatmpnt Mutation Frequency - 1 

ireatment ( # , ^ , ^ ^ 5 pe r nfsurvivors) 

0.0 KGy 0.72 - 1.15 a^ 

8.0 KGy 0.23 - 0.47 a 

Control - 1 0.07 - 0.04 a 

1/ The re la t i ve concentration of DMSO extrac* 
used was 1.0 (Undiluted). 

2J DMSO 

3_/ Mean - SD of 4 trials with one mouse per trial 
Five plates were inoculated from the exudate 
of each mouse. 

£/ Means followed by the same letter are not 
significantly different from each other by 
DMRT at p <.0.05. 
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TABLE VI. EFFECT OF DMSO EXTRACT OF S««KED FISH ON 
INDUCTION OF MICRONUCLEI FC NATION IN MICE. 

Relative 
Concentration of 
DMSO Extract -' 

3/ Mutation Frequency -
# Micronucleated Polychromatic Erythrocytes 

per thousand Polychromatic Erythrocytes 
0.0 KGy 8.0 KGy 

1.000 

1.5(0 

0.250 

0.125 

Control - 1 

2.5 - 1.3a 

1.4 t o.8b 

1.5 - 0.7b 

1.1 - 0.6b 

2.4 - 1.4a 

1.3 - 0.9b 

0.7 - 1.4ab 

1.1 * 0.5b 

1.1 - 0.6b 

— The concentrations were indicated by the extent of 
d i lu t ion e .g . , 0.5 ( l v extract : lv solvent). 

- 1 DMSO 

3/ + 
- ' Mean - SD of 6 t r i a l s with one mouse per t r i a l . 

Three slides were scored per t r i a l . 
4/ 
- Means followed by the same le t t e r are not s ign i f i can t l y 

d i f ferent from each other by DMRT at p40 .01 . 
5/ 
-' Means followed by the same letter are not significantly 

different from each other by DMRT at p 40.05. 



PAEC (A) ID 85007 
Page 23 

0 . 0 KGy 

w 
EH < 
•J 
cu 
a. 
w 
a. 
u> 
EH z 
< 
« 
> 
w « 
EH 
W 
Z 

250 

200 

150 

B) 8 . 0 KGy 

100 

1 0 . 5 

CONCENTRATION OF DMSO 
EXTRACT 

1.0 
CONCENTRATION OF DMSO 

EXTRACT 

FIG 1 . MUTAGENICITY OF DMSO EXTRACT FROM SMOKED «SH JWgjDS 
FOUR STRAINS OF SALMONELLA TYPHIMUFIUM. THE CONCENTRA
TIONS OF THE EXTRACT WERE INDICATEO BY THE EXTENT OF 
DILUTION E G . , 0.5 ( IV EXTRACT : 1 V SOLVENT). EACH 
POINT IS THE MEAN OF AT LEAST 3 SEPARATE EXPERIMENTS. 
STONT/WEOUS REVERSION VALUES WERE SUBTRACTED (TA 98, 
17; TA 100, 77; TA 97, 260; TA 104, 205) . 


