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Many agricultural chemicals contain structures that can interact with nitrite and
produce carcinogenic compounds. In Thailand, organophosphate insecticide residues
are frequently detected but not often exceed the Codex Maximum Residue limits
(Codex MRLs) and may result as precursors of mutagens after coming into contact
with nitrite in the stomach. Hence, the main aim of this study was to determine the
mutagenic potential of organophosphate insecticides treated with nitrite. It was also
determined the modifying effects of these insecticides on the mutagen formed during
aminopyrene-nitrite reaction and on the final product of 4-h incubation of
aminopyrine-nitrite reaction in an acid solution using Ames assay with Salmonella
typhimurium strains TA98 and TA100 in the absence of metabolic activation.

The results showed that formulated products of organophosphate insecticides
namely; dimethoate, malathion, palathion and methamidophos treated with nitrite were
not mutagenic toward both strains. In addition, results also showed that all insecticides

have no any modifying effects on the mutagen formed during the aminopyrene-nitrite

reaction and on the final product of 4-h incubation of aminopyrine-nitrite reaction.
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CHAPTER]

INTRODUCTION

Stomach cancer is the most common cancer in Japan, Korea and China.
Mortality from this cancer has gradually decreased over the past decade, possible
following the westernization of these countries (1, 2). However, Forman et al. (3)
revealed that stomach cancer worldwide killed over half a million people each year.
Buiatti (4) and Hoshiyama (5) suggested that food and lifestyle were the risks of the
stomach cancer.

Nitrate and nitrite in many food occur naturally in many leafy vegetables (6).
Nitrite is also used as a preserving agent in certain foodstuffs. Furthermore, it was
established that nitrite was present in human saliva (7). Nitrite presents a toxic hazard
both because of direct toxicity of nitrite and formation of carcinogenic N-nitroso
compounds (8). Mirvish et al. (9) demonstrated that nitrosamines were potent
carcinogens and mutagens. They are formed by the reaction of amines and sodium
nitrite in acid conditions, i.e. under conditions found in the mammalian stomach. Such
N-nitrosation, however, is not confined to only amines, but amide, ureas or carbamate
also reacts with sodium nitrite.

The formation of N-nitroso derivatives from agricultural chemicals and nitrite
was demonstrated since 1975 (10). In vitro (11) and in vivo testing (12, 13) showed the

mutagenic activity of these substances. In carcinogenicity test, tumor formation at
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various sites was demonstrated after ingestion of nitrogenous substances together with
sodium nitrite (14, 15).

It is possible that food may contain detectable amount of residue of
organophosphate insecticides which have possibility to act as precursors of mutagens
in the gastrointestinal tract after being interacted with nitrite since nitrite is a common
additive of some fermented meat products. The use of chemical pesticides increased
dramatically over the last 30 years (16). Today, very few crops are produced on an
economically competitive basis without some pesticides input. A great variety of
pesticides became detectable in the environment with their widespread usage, even
though the actual concentrations were quite low (17, 18).

Organophosphate insecticides were secondly imported to Thailand in 1993

while herbicides were the first (19). They are found widely accepted in agriculture and

horticulture because of their effectiveness. Therefore, it was of great interest to study
the mutagenicity of organophosphate insecticides treated with nitrite in the acid
solution similar to that of human stomach using the Ames test. In addition, the
modifying effects of organophosphate insecticides on mutagen formed during the
aminopyrene-nitrite reaction and on the final product of aminopyrene-nitrite reaction
were evaluated as mutagenicity inhibition or enhancement. The results of this study
provide some information regarding the risk of consumption of diet containing of

insecticides and nitrite.
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CHAPTER I

REVIEW OF LITERATURE

2.1 Nitrite in Food

Nitrite is available either as a natural constituent after reduction of nitrate or as
food additive in meats, fish and cheese. In general, use of sodium nitrite in cured meat
products fixes their color (20), improves their flavor (21), inhibits Clostridium
botulinum growth (22, 23), causes toxin formation (24, 25) and stabilizes lipid against
oxidation (26). The toxic.ologica] significance of nitrates lies in its easy conversion to
nitrite by nitrifying bacteria that may present in foodstuffs, the saliva and in the GI

tract (27).

Post-harvest stprage of vegetable certainly can lead to the accumulation of high
nitrite concentrations. This may arise in part from a failure of endogenous nitrite-
reductase or match nitrate-reductase activity or, more significantly, from microbial
reduction of nitrate. Phillips et al. (28) reported that fresh spinach was stored at room
temperature or under refrigeration (not frozen) accumulated nitrite. Frozen spinach did
not accumulate large amounts of nitrite, but on thawing nitrite concentrations rose
rapidly. Thai Food and Drug Administration’s allowable levels for sodium nitrate and

sodium nitrite as additives are 500 and 125 ppm, respectively (29).
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2.1.1 Toxicity of nitrite

2.1.1.1 Acute toxicity The most important acute-toxic effect of
nitrite administration is an induction of methemoglobin by oxidation of hemoglobin
from the ferrous (Fe*') to the ferric (Fe**) form (30). Oxidation of hemoglobin to
methemoglobin by nitrite ion occurs at different rates for each animal species, but
there is little differences between individuals of the same species. Methemoglobin
does not reversibly bind oxygen, and presence of methemoglobin also influences the
oxygen dissociation curve of residual hemoglobin so that it is less effective in the
transport of oxygen. Normally in most mammals the level of methemoglobin in the
blood is kept at a low level (1-2% of the total hemoglobin) primarily by an enzyme
NADH: methemoglobin reductase (diaphorase) presented in a red cell (Figure 1). A
minor degree of methemoglobinaemia (up to 10%) does not produce toxic symptoms.
High levels of methemoglobin (up to 50%) after administration of nitrite produce toxic
symptoms but not usual death and if the administration of nitrite is stopped the
methemoglobin is rapidly reduced to completely active hemoglobin by the
methemoglobin reductase. Death occurs at 50-70% methemoglobin. In severe case of
poisoning, treatment is by injection of methylene blue or administration of ascorbic by
mouth (31) which causes the reduction of ferric ion and partly restores the active

hemoglobin.
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N3N02

Hemoglobin —p  Methemoglobin

(ferrous) (ferric)

NADH methemoglobin reductase
Methemoglobin + NADH > Hemoglobin + NAD

Figure 1. The formation of methemoglobin by nitrite and the reverse reaction.

2.1.1.2 Mutagenicity of nitrite Nitrite, as nitrous acid, may lead to
mutagen with three mechanisms: (1) deamination of DNA bases by nitrous acid in

viruses containing a single stranded DNA, (2) mutagenesis of organisms with double

stranded DNA by creation of intra- or interstrand cross-links between purine residues
leading to helix distortion and (3) reaction of nitrite with nitrosatable compounds to
form N-nitroso compounds (32).

Sodium nitrite induced reverse mutation in S. fyphimurium and caused
chromosomal aberrations in culture Chinese hamster fibroblast cells (33). Luca et al.
(34) tested the in vivo mutagenic activity of sodium nitrate and found that it induced
cytogenic damage in micronuclei of bone marrow cells in mice and chromosome
aberration in rats. The mutagenicity of sodium nitrite using in vivo and in vitro
experiments was carried out in male rats and mice intragastrically treated twice (at 24-
hour intervals) with nitrite at doses of 1.72, 5.18, 15.55 and 46.66 mg/kg body weight
and in male rabbits treated with the same doses of nitrite administered daily in their
drinking water 3 months. The authors indicated that nitrite induced an increase in

aberrant metaphases in all three species of animal. Likewise, in mice it induced an
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increase in the number of micronucleated polychromatic erythrocytes and a light bone
marrow depression. The in vitro experiments were carried out on BSC-1 and HeLa
cells grown in culture with nitrite in doses of 0.265 and 0.530 mg/ml for 24 h. Both
doses produced significant increase of the percentage of chromosomal aberrations
(35). Negative results were found in a host mediated assay against S. typhimurium at a
host dose level of 150 mg NaNO,/kg body weight (36) and in a mouse micronucleus

test (37).

2.2 Mutagen Occurring from Nitrite Interacting with Some Food
Components.

2.2.1 N-nitroso compounds

Wakabayashi et al. (38) reported that 1-methyl-1,2,3,4-tetrahydro-f-carboline-
3-carboxylic acid (MTCCA), which is a component in soy sauce, reacted with nitrite
in acidic medium and produced a mutagen. In addition, it was reported that the
mutagenicity of MTCCA was strongly increased when it was treated with nitrite in the
presence of alcohol (39). It could be inferred that the unstable mutagen produced from
nitrite treated MTCCA was N-9 nitroso compound which was nitroso-substituted at

the nitrogen in the five-menbered ring of the indole moiety.

Tomita et al. (40) investigated the mutagenic activities of various Japanese
foodstuff treated with nitrite at pH 4.2 for 10 min (37°C) using S. typhimurium TA100
and TA1535. They found that smoke ham, red wine, black tea, soybean pastes and

instant coffee powder gave greatly increasing number of His" revertants when treated
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with nitrite. It was noted that polyamines were ubiquitous (41) and known to produce

potential and direct mutagen in a short incubation period with nitrite (42).

Several substances were shown to catalyze the formation of nitroso
compounds. Lijinky er al. (43) examined that the interaction between nitrite and six
tertiary nitrogen compounds in vitro, usually at 37°C 4 h and at pH between 3.5-5.5,
represented the different types of chemical structure: oxytetracycline (antibiotic),
aminopyrine (analgesic), disulphiram (anticholic), nikethamide (respiratory stimulant),
tolazamide (oral hypoglycemic), and piperine (found in pepper). All of which gave

measurable yields of nitrosamine.

The mutagenicity of nitrite treated with aqueous extract of piper betel L fruits
was demonstrated using S. typhimurium strains TA100 and TA1535 in the Ames test.
The mutagenic components were found to be N-nitrosopiperidine, N-
nitrosopyrrolidine and N-nitrosomorpholine (44). Sasagawa et al. (45) demonstrated
that nitrite-treated indole compounds, which contain nitrogen atom in structure, were
mutagenic on S. typhimurium TA98 and TA100 and Escherichia coli WP2 uvrA/pKM

101 without metabolic activation system (S9).
2.2.2 Non-nitroso compounds

It was reported that reaction between nitrite and non-nitrogen containing
compounds could produce mutagen (46, 47). Hartman et al. (46) found that sorbate
and nitrite exhibited direct-acting mutagen and genotoxic agent when present together
at pH’s mimicking gastric conditions. Two of mutagens were identified as ethylnitrolic

acid and 1,4-dinitro-2-methylpyrrole (nitro compound). Kangsadalampai et al. (47)
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also found that treatment of polycyclic aromatic hydrocarbons (PAHs) with nitrite in

acid solution produced some non-N-nitroso direct-acting mutagens.

2.3 Pesticides

2.3.1 Exposure of insecticides

Human are exposed both directly and indirectly to insecticides. Direct exposure
persons are those who handle insecticides, such as occupational worker of the
insecticide-manufacturing industry, farmers, and home gardeners. Indirect exposure to
insecticides comes mainly from residues in food and in environment (48). As shown in
Figure 2, several populations of individuals may be identified as having possible
exposure to wide range of concentrations of particular agent, including accidental
and/or suicidal poisonings, pesticide workers (manufacturing, mixer/loader,
applicators, harvesting, handling, and so forth), bystanders inadvertently sprayed or

expose to off-target drift from spraying operations, and the general public (49).
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Figure 2. A theoretical dose-effect relationship for acute toxicity comparing the for

potential exposure in terms of occupation, level of exposure, and possible biologic

effects.

2.3.2 Pesticide residues found in Thailand

Dietary intake of pesticides was studied during 1990-1991 in order to evaluate
on exposure of Thai people to the residues in food (17). Raw food samples were
collected from 4 regions of the country, 2 provinces per region and 77 food items per
province. The total of 616 food samples was cooked. It was revealed that total 10
organochlorine and organophosphate pesticides detected in 1990 were DDT
(dichlorodiphenyltrichloroethane), heptachlor, dieldrin, methamidophos, dimethoate,
BHC (lindane), malathion, parathion-methyl, parathion and endosulfan. In 1991,
dieldrin, DDT, methamidophos, heptachlor, parathion-methyl, aldrin, dimethoate,

malathion, chloropyrofos and monocrotophos were found. Carbamate was not detected
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in this study. The amount of each pesticide calculated as average intake per person per

day was lower than that of the acceptable daily intake established by WHO.

Globthong et al.(18) investigated pesticide residues in foods from agricultural
products. Nine hundred and eleven food samples from plant origin were analyzed for
organocholine, organophosphate, carbamate and synthetic pyrethroid. The pesticides
were detected in 47 percent of the samples and among those, 9.5 percent were found to
exceed the Codex Maximum Residue limits (Codex MRLs). Monocrotophos and
cypermithrin residues were frequently exceeded the limits of Codex MRLs. The food
groups in which the residues frequently detected and often exceeded the limits were

fruits particularly berries and small fruits.

2.3.3 Organophosphate insecticides
2.3.3.1 Parathion (O, O—diethyl-O—4-nitrophenyl phosphorothioate)

Molecular weight of this insecticide is 291.3. Parathion is soluble in most
organic solvents and its boiling point is 157-162°C (50). It is used as a board-
spectrum insecticide in agricultural applications on wheat, fruits, vegetables,
miscellaneous field crop, sorghum and cotton (51). The chemical structure of this

insecticide is shown in Figure 3.

Parathion is absorbed through skin, gut and by inhalation. In mice, it was
absorbed twice as rapidly through the gut as through the skin (52). It is metabolized
primary in the liver but also in the brain and lungs (53). Excretion of parathion is

predominant in urine.
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Parathion was not mutagenic in S. typhimurium and E. coli with or without
metabolic activation (54, 55, 56). Harbison et al. (57) demonstrated that intraperitoneal
injection of 4-12 mg/kg body weight parathion on days 12, 13 and 14 of pregnancy to
Swiss-Webster mice caused resorptions and significant reduction in fetal weight. In
rats, intraperitoneal (i.p.) injection of maternally toxic doses of 3 and 3.5 mg/kg body
weight on day 11 of pregnancy resulted in an increased number of resorptions, a
reduced number of fetuses/litter, reductions in fetal and placental weight but no
malformation (58). Parathion was tested on its carcinogenicity in one strain of mice
and three strains of rats by administration in the diet. Although a dose-related increase
in the incidence of adrenal cortical adenomas was observed in the male and female rats
of one strain, the significance of the occurrence of those lesions in the aged rat was not
well understood. A low incidence of carcinomas at this site was observed in each of
the treated groups in animal of both sexes. The other experiments in rats and the
experiment in mice were considered to be inadequaie for evaluation (59). The Codex

committee on pesticide residues established the ADI of 5 pg/kg body weight (60).

2.3.3.2 Malathion
(S-1,2-bis(ethoxycarbonyl)ethyldimethylphosphorodithioate)

Molecular weight of this insecticide is 330.3. Malathion is soluble in most
organic solvents and easily hydrolyzed at the pH above 7.0 and below pH 5.0 (61). It
is used as a abroad spectrum insecticide and acaricide in wide variety of agricultural
and nonagricultural applications, including the control of the lice, flies and mosquitoes

(59). The chemical structure of this insecticide is shown in Figure 3. Malathion is
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absorbed from the gut, respiratory tract and skin (62). It is metabolized rapidly and
eliminated from the human within 24 hours. Excretion of malathion was predominant

in urine (59).

Several mutagenicity tests using microorganism were employed to
assess the mutagenic activity of malathion. Malathion produced low but significant
breakage in E1 plasmid DNA in Escherichia Coli K12 in vitro (63). Relative toxicity
assay, performed in E. Coli and Bacillus subtilis, gave negative result (55, 64).
Negative results were obtained with pure and commercial formulations in the reverse
mutation assay using several strains of Salmonella typhimurium, cither in the presence
or absence of rat liver microsomal preparation (55, 64, 65, 66). Malathion was
ineffective in inducing sex-linked recessive lethal mutations in Dosophila
melanogaster fed solutions containing 0.25 or 0.5 mg/1 of the compound (67, 68). No
dominant lethality was observed in a study in which three groups of 20 mice were fed
malathion for seven weeks at concentrations of 1250, 2500 and 5000 mg/kg in the diet
(55). Malathion was reported to induce a slight increase in the incidence of
chromosome aberrations in the bone marrow cells of rats exposed in vivo (69). In long
term, no evidence of carcinogenicity was found when studies of malathion and its
metabolite malaoxon were tested for carcinogenicity in mice and rats by
administration in the diet. (59). There was no evidence of teratogenicity or
embryotoxicity in rats given maternally tolerated doses of malathion during pregnancy
(70). The Codex committee on pesticide residues established an ADI of 0.02 mg/kg

body weight (60).
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2.3.3.3 Dimethoate
(dimethyl S-(N-methylcarbamoylmethyl)phosphorodithioate)

Molecular weight of this insecticide is 229.28 (71). The chemical structure of
this insecticide is shown in Figure 3. Dimethoate is readily absorbed from mammalian
gastrointestinal tract and is biotranfromed via conversion of the sulfur group to the
oxygen analog, by hydrolysis of the methyl ester groups, and by removal of the
methylamido group (72). It was reported to be 90% excreted through urine and 3%
through the faces by male rat within 48 hours (73).

In vitro mutagenicity tests of dimethoate in microorganisms gave positive
results (74). Dimethoate was proved to be mutagenic in the in vivo studies, e.g. in bone
marrow micronucieus test in mice (75), in bone marrow chromosome (76) and in host-
mediated to mice, chromosome change, numerical aberration, gaps, and breaks
increased significantly in bone marrow cell (77). Result of the dominant lethal
mutation assay was reported to be negative in the mouse under condition, i.e. after an
acute dose 10 mg/kg i.p near the LD50 and after chronic exposure (0.6 ppm, 5 days a
week for 7 weeks) (78). The Codex committee on pesticide residues established an

ADI of 0.010 mg/kg body weight of dimethoate (60).
2.3.3.4 Methamidophos (Phosphoramidothoic acid O,S-dimethyl ester)

Methamidophos is soluble in water. Molecular weight of this insecticide is
141.12. Methamidophos showed its mutagenic potential as evidenced by a positive
response in the micronucleus and chromosomal aberrations assays (79). The author
found that single and multiple intraperitoneal injections (6 and 4.5 mg

methamidophos/kg body weight), oral administration (for 14 consecutive days at a
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dietary level of 1000 ppm) and multiple dermal treatment (with 24 mg/kg body
weight) caused toxicity to marrow. Moreover, the tested concentration of
methamidophos as low as 0.25 microgram/ml induced a high percentage of
metaphases with chromosomal aberrations in cultured mouse spleen cells.
Methamidophos was a weak inducer of sister chromatid exchanges in mouse bone
marrow and cultured mouse spleen cells. The Codex committee on pesticide residues

(1990) established an ADI of 0.004 mg/kg body weight of methamidophos (60).

CH,0, S C,H;0 S

) %—SCH;CONHCH; > g-O- @NO;
CH;O C,H;O
dimethoate parathion
CH; S CH; S H

Q>}§-NH2 &E/‘/-S-(:Z-COOQHs
CH,S CH;O CH,COOC,H;
methamidophos malathion

Figure 3. The structure of organophosphate insecticides in this study.

2.4 Toxicity of Pesticide-Nitrite Interaction

Many agricultural chemicals contain structures that can be N-nitrosated (80,
81). It was found that four tertiary amine pesticides (two dimethylurea derivatives, one
thiuram disulphide and one phosphine compound) were incubated for 4 h at 37°C in
the presence of excess nitrite at pH 3 and formed carcinogenic dimethylnitrosamine

(80). The yields obtained were cycluron 4%, chloroxuron 3%, thiram 9% and dimefox
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22%. Sen et al. (81) indicated that thiram, ziram and ferbam reacted with nitrite to
form detectable amount of dimethylnitrosamine (NDMA). In addition, Eisenbrand et
al. (82) also investigated that ziram, simazin, atrazin carbaryl, propoxur and
benzthiazuron formed N-nitroso compounds on contact with nitrite in acid medium.

Nitrosocarbaryl was found to be a very potent mutagen in Escherichia coli
(83). Lijinsky et al. (84) demonstrated that all six of the nitrosated methylcarbamate
insecticides (nitroso-carbaryl, nitroso-baygon, nitroso-carbofuran, nitroso-landrin,
nitroso-methomyl and nitroso-buxten) gave rise to tumors in the forestomach of rats.
Eisenband ez al. (85) found that nitrosocarbaryl induced local sarcoma at the site of
injection by single subcutaneous injection of 1000 mg/kg to Wistar rats. Single oral
dose of 200-1500 mg/kg produced no tumor in 21 month.

Egert et al. (86) found that isopropylamino-triazine prometryne, the n-dodecyl
guanidine dodine or the N-methylcarbamate carbaryl interacted with excess sodium
nitrite at pH 1, 37°C for 4 h in the presence of hydrochloric acid and acetic acid
produced N-nitroso derivatives. In the studies on mutagenicity, the N-nitroso
derivatives were not or only slightly mutagenic to Escherichia coli K12 or Salmonella
typhimurium TA1538. However, significantly increased mutation frequencies were
seen after metabolic activation by mouse-liver microsomes.

It was found that CFY rats were treated with trimorphamide, (326 ppm),
suspended in sodium nitrite (40 mg/kg) produced N-Nitrosomorpholine (NMOR). By
the using Ames test, NMOR formed in vivo proved to be strongly mutagenic for the

strains TA1538 and TA100, both in presence and absence of S-9 fraction (87).
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Lijinsky et al. (88) reported‘that simultaneous feeding to rats of thiram (500
ppm) with sodium nitrite (2000 ppm) for 4 weeks was found a high incidence of
tumors of the nasal cavity in both sexes. No nasal-cavity tumor was seen in untreated
rats or those given thiram or sodium nitrite alone. A 20% incidence of pa;;illomas of
the forestomach was also seen in the rats of both sexes given the combined treatment.

Adult Swiss mice were treated intragastrically during the last week of
pregnancy with the fungicide dodecylguanidine acetate (dodine, DGA) together with
0.05% sodium nitrite. The incidence of malignant lymphomas, lung adenomas and
hepatomas was 30-70% in females. The first tumor appeared 4 months after delivery in
the FO generation and at 6-7 months in the F1 generation. DGA alone had no effect on
the cancer incidence (89).

Swiss mice at different stages of pregnancy were treated intragastrically with
the pesticide carbendazim together with sodium nitrite. Lymphomas developed in
33.3%, 53.5% and 38.8% of young mice whose mothers were treated in the first week,
the second week and the third week of pregnancy, respectively. Treatment during the
whole period of pregnancy yielded on an average 70.0% malignancy in offspring (90).
Summary of the formation of N-nitroso compounds from pesticides treated nitrite is

shown in Table 1.
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Table 1. Formation of N-nitroso compounds from pesticides treated with nitrite in

dilute HCI solution.

Pesticides

Products

Insecticide groups
1. carbaryl

2. baygon

3. buxten

4. carbofuran

5. landrin

6. methomyl

7. aldicarb

8. propuxur

9. carbendazim
Fungicide groups
10. ferbam

11. dimetfox

12 12. dodine

13. trimophamide

14. thiram

N-nitrosocarbaryl
N-nitrosobaygon
N-nitrobuxten
N-nitrosocarbofuran
N-nitrosolandrin
N-nitrosomethomy!
N-nitrosoaldicarb
N-nitrosopropuxur

N-nitrosocarbendazim

N-nitrosodimethylamine
N-nitrosodimethylamine
N-nitrosododine
N-nitrosotrimophamide

N-nitrosodimethylamine
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Tablel (cont.). Formation of N-nitroso compounds from pesticides treated with nitrite

in dilute HCI solution.

Pesticides Products

15. ziram N-nitrosodimethylamine
Herbicide groups

16. benzthuazuron N-nitrosobenthuazuron
17. simasin N-nitrososimasin

18. atrazin ‘ N-nitrosoatrazin

19. cycluron - N-nitrosodimethylamine
20. chloroxuron N-nitrosodimethylamine
21. prometryne N-nitrosoprometryne

2.5 Aminopyrene-Nitrite Model

1-Aminopyrene is a natural compound produced in human fecal or in anaerobic
incubation of 1-nitropyrene with fecal bacteria (91). 1-Aminopyrene (0.06 and 0.12 p
g/plate) treated with 500 mM sodium nitrite gave positive results for both strains TA98
and TA100 in the absence of metabolic activation. The number of revertants of
untreated 1-aminopyrene (0.12 pg/plate) was 26+11 colonies while the revertants

induced by the nitrite treated aminopyrene was 1814150 colonies on strain TA98 (92).
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Kato et al. (93) found that 1-aminopyrene (0.2 mmole) interacted with sodium nitrite
(0.8 mmole) in 5 ml acetonitrite-water (1:1v/v) at 37 °C and pH 3, for 4 h. The mixture
was analyzed using HPLC and found to contain 1-nitropyrene and unidentified nitro-

compounds.

2.6 The Salmonella Mutagenic Assay (Ames Test)

The simplicity, sensitivity, and accuracy of this method for screening large
numbers of environmental sources of potential carcinogens resulted in their current use
in over 1,000 governmental, industrial, and academic laboratories throughout the
world. The potential of this method for use as a bioassay for the development of safe,
useful chemicals raised many questions about the extension to which this kind of
approach should be used in a program aimed at cancer prevention. McCann and Ames
(94) discussed several aspects of the experimental basis for their current assessment of
the value of the test as a useful predictive tools:

1. The predictive value of the test as an indicator of carcinogenic potential,
including both the strengths and weaknesses of the test at this stage in its developrhent.

2. Current applications of the test method to the problems that were not
approachable using conventional animal testing methods.

3. Some of the environmental chemicals that were pinpointed as potential
carcinogens by the test and the current status of carcinogenicity tests of these

chemicals in animals.
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4. The evidence that the correlation between carcinogenicity and mutagenicity
in the Salmonella test reflected more than a useful coincidence and fitted into a
compelling collection of evidence supporting a central role for somatic mutation in the
initiation of human cancer.

The Salmonella test was first validated in a study of 300 chemicals, most of
which were known as carcinogens (94, 95, 96). It was subsequently validated in
| studies by the Imperial Chemical Industries (97), the National Cancer Center Research
Institute in Tokyo (98), and the International Agency' for Research on Cancer (56).
Nearly 90% of the carcinogens tested were mutagenic in these studies. However,
Ames and McCann (99) estimated the correlation to the about 83%. All the validations
showed that the test failed to detect a few classes of carcinogens such as
polychlorinated pesticides (99, 100, 101). Prior to the initial development of the
Salmonella/ microsome assay, there were several studies that employed bacterial
systems to dctect mutagenic agents (102, 103). However, one of the problems with
these earlier approaches was the use of screening techniques that did not employ
bacterial strains designed to detect broad range of mutagenic mechanism. Therefore,
Ames et al. (104) developed a set of Salmonella typhimurium strains that were
permeable tc a wide range of chemicals and also were partially deficient in DNA
repair.

2.6.1 The Salmonella tester strains

The reverse mutation system of Salmonella typhimurium uses the genetically
well-defined histidine requiring mutants developed by Ames and his colleagues (105).-

The Salmonella histidine reverse mutation is based on the use of several selected
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Salmonella typhimurium strains that revert histidine dependence (auxotroph) to
histidine independence (prototroph). Ames, Durston et al. (105) collected and
characterized a large number of Salmonella typhimurium strains containing mutations
in different gene of the histidine operon (Table 2). They developed the newly
Salmonella tester strains to make them more effective in detecting mutagens that were
not previously detected with the original strains. The standard tester strains contained
other mutations that greatly increased their ability to detect mutagens such as:

- rfa mutation which causes partial loss of the lipopolysaccharide barrier that
coat the surface of the bacteria and increases permeability to large molecules that do
not penetrate the normal cell wall (106).

- uvr B mutation is a deletion of a gene coding for the DNA excision repair
system, resulting in an increase in sensitivity in detecting many mutagans (104, 106).

- R-factor plasmid (pKM 101) The strains containing the plasmid show greatly
enhanced response to chémical shown to be mutagenic and also give clear positive
response to chemical described as weak, borderline or nonmutagens with the original
set of tester strains (95; 107). Furthermore, MacPhee (108, 109) reported that pKM
101 contains genes products associated with error-prone repair which may be
responsible for the enhance sensitively seen in these strains.

Genotypes of the Salmonella typhimurium strains used for mutagenesis testing
are shown in Table 2. The standard tester strains, TA97, TA98, TA100 and TA102
contain the R-factor plasmid pKM 101. These R-factor strains are reverted by a
number of mutagens that are detected weakly or not at all with the non R-factor parent

strains (110, 111). These standard tester strains are recommended for general
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mutagenesis testing. TA98 is derived from TA1538 by an introduction of plasmid

pKM 101. It can detect mutagens that cause frameshift mutation with a DNA sequence

-CGCGCGCG-, which can be reverted to histidine independence by a variety of

mutagens that act by adding or deleting base pairs (112, 113). While TA100, the R-

factor plasmid derivative, and TA 1535 can detect mutagens that cause base-pairs

substitutions. The others Salmonella strains related to these 4 strains but with different

characteristics in terms of DNA-repair capacity cell permeability and the presence of

plasmid pKM 101 also are available and have been described (111, 114).

Table 2. Genotypes of the TA strains used for mutagenesis testing.

Histidine mutation LPS Repair  R-factor
hisD6610 hisD3052 hisG46 hisG428
hisD1242 (PAQD)
=TA88
TA90 TA1538  TA1535 - rfa AuviB -R
[TA97] [TA98] [TA100] - rfa AuviB +R
- TA1978 TA1975 - rfa + -R
TA110 TA94 TA92 - + + +R
- TA1534  TA1950 - + AuvrB -R
- - TA2410 - + AuvrB +R
TA89 TA1964  TA1530 - Agal AuvrB -R
- TA2641 TA2631 - Agal AuvrB +R
- - - [TA102) rfa + +R
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Tester strains in bracket are recommended for general mutagenesis testing. The
notation (+) indicates wild-types genes. The deletion (A) through uvr B also includes
the nitrate reductase (chl) and biotin (bio) genes, whereas the gal strains and rfa/uvr B
strains have a single deletion through gal chl bio uvr. However, some mutagens affect
only one strain of frameshift mutation strains (TA1538 or TA98) or only base-pair
substitution strains (TA1535 or TA100), thus imparting a degree of mutagen class
specificity to the assay. But, many or even most mutagens can affect both types of
strains although the effective dose will often be higher for one type of strain than for

the another (115).

2.6.2 Evaluation criteria for Ames assay

Because the procedures to be used to evaluate the mutagenicity of the test
article are semiquantitative. Each tester strain is specific to each type of mutation such
as frameshift mutation, base pair substitute or oxidative mutation etc. The criteria used
to determine positive effects are, therefore, inherently subjective and based primarily
on the information shown in Table 2. Most data sets should be evaluated using the
following criteria (116).

a. Strains TA1535, TA1537, and TA1538. 1If the solvent control value is
within the typical range for the laboratory, a test article that produces a positive dose
response over three concentrations, with the highest increase equal to three times the
solvent control value, is considered mutagenic.

b. Strains TA98 and TA100. If the solvent control value is within the normal

range for the laboratory, a test article that produces a positive dose response over three



Wauttichai Kattubtim Literature review / 24

concentrations, with the highest increase equal to twice the solvent control value, is
considered mutagenic. Occasionally, a doubling is not necessary for TA 100 if a clear
dose-related pattern is observed over several concentrations.

c. Pattern. Because TA1535 and TA100 are derived from the same parental
strain (G46), and because TA1538 and TA98 are derived from the same parental strain
(D3052), to some extent there is a built-in redundancy in the microbial assay. In
general, the two strains of a set respond to the same mutagen, and such a pattern is
sought. Generally, if a strain responds to a mutagen in nonactivation tests, it should do
S0 in activation tests.

d. Reproducibility. If a test article produces a response in a single test that
cannot be reproduced in additional runs, the initial positive test data lose significance.

The preceding criteria are not absolute and other extenuation factors may enter
into a final evaluation decision. However, these criteria can be applied to the majority
of situations and are presented to aid those individuals not familiar with this procedure.
As the data base is increésed, the criteria for evaluation can be more firmly
established. It must be emphasized that the modifications of the procedure involving
preincubation conditions are necessary for an evaluation of specific chemicals or

classes of chemicals.

2.6.3 The mutagenicity test using Salmonella typhimurium
2.6.3.1 Plate incorporation test
The test is the standard method that has been used to test the mutagenicity of

chemicals. This test consists of combining the test compound and the bacterial tester
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strain in soft agar which is poured onto a minimal agar plate. Positive and negative
controls are also included in each assay. After incubation at 37°C for 48 hrs., revertant
colonies are counted (105, 106, 117). For initial screening chemicals were tested in
concentrations over a three-log dose. And positive or questionable result should be
confirmed by demonstrating a dose-response relationship using a narrower range of
concentrations. For most mutagens, there is a concentration range that produces a
linear dose-response curve and the number of revertants per plate reported for a
mutagen should be taken from the region of the curve. However, a few mutagens such
as 9-aminoacridline, MNNG, diethylsulfate and ethylmethanesulfonate produce
nonliner dose-response curve (110). The compounds that are negative can be retested
using the preincubation method.
2.6.3.2 Preincubation method

Some mutagens, such as dimethyl- and diethy]~nitrosamine'arc poorly detected
in the standard plate incorporation assay and should be tested using a modification of
the standard procedure. The most widely-used test modification is the preincubation
assay first described by Yahagi et al. (118), in which carcinogenic azo dyes are found
to be mutagenic. They incubated the mutagen and bacteria for 20-30 mins. at 37°C and
then added the top agar. The assay has been also used to detect the mutagenicity of 10
carcinogenic nitrosamines (119) and several carcinogenic alkaloids (120). The
mutagenic  activity of aflatoxin B,, benzidine, benzo(a)pyrene and
methylmethanesulfonate has been determined using both plate incorporation and
preincubation procedures and in all cases the preincubation assay is of equal or greater

sensitivity than the plate incorporation assay (121). The increased activity is attributed
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to the fact that the test compound and bacteria are incubated at higher concentration in
the preincubation assay than in the standard plate incorporation test (122).

The preincubation modification can be used routinely or when inconclusive
results are obtained in the standard plate incorporation assay. This assay requires an
extra step and therefore involves more work than the standard test but many
laboratories use it routinely because of the increased sensitivity of some compounds.
Its use in screening assays has been recommended by De Serres and Shelby (123).

2.6.3.3 Spot test

The spot test is the simplest way to test compounds for mutagenicity and is
useful for the initial rapid screening of large numbers of compounds. Ames et al. (124)
have tested 169 different hair dyes for mutagenicity using this method. This test has
several advantages. A few crystals of a solid mutagen or pl of a liquid mutagen can be
put directly on the agar surface, thus eliminating the time-consuming preparation of
solutions of the chemicals to be tested. As the test compound diffuses out from the
central spot, a range of concentrations is tested simultaneously.

This test is primarily a qualitative test and has distinct limitations. It can be
used only for testing chemicals that are diffusable in the agar, and therefore most
polycyclic hydrocarbons and other water-insoluble chemicals are not easily detected
by this procedure. It is much less sensitive than the standard plate incorporation test.
Mutagenicity should be confirmed by demonstrating a dose-response relationship

using the standard plate incorporation test.
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2.6.3.4 Positive control (diagnostic mutagens) In each experiment,
positive mutagenesis controls use diagnostic mutagens to confirm the reversion
properties and specificity of each strain. The characteristic reversion patterns of the

standard strains to some diagnostic mutagens are described by Maron and Ames (125).
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STATEMENT OF THE THESIS PROBLEM

Literature reviews show that nitrite interacted with some food components in
acidic condition and produced mutagens. Methamidophos, malathion, parathion and
dimethoate were frequently detected in food (17, 18). Thus, human food may contain
residues of such compounds and the possibility exists that they tum to be mutagenic
products in the stomach during digestion or during processing since nitrite is a
common constituent of many foods as a preservative of fermented meat. Therefore, it
was of great interest to study the mutagenic potential of the nitrite treated
organophosphate insecticides in acid condition using Ames test and the modifying
effects of organophosphate insecticides on the mutagenicity of 1-aminopyrene-nitrite

model.



Fac. of Grad. Studies, Mahidol Univ. M. Sc. (Food and Nutritional Toxicology)/ 29

EXPERIMENTAL OBJECTIVE

1. To evaluate the mutagenic potential of organophosphate insecticides treated
with nitrite in an acid solution.
2. To evaluate the modifying effects of organophosphate insecticides on

mutagen formed during the aminopyrene-nitrite reaction and on the final product of 4-

h incubation of aminopyrene-nitrite reaction.
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CHAPTER 111

MATERIALS AND METHODS

3.1 Chemicals

3.1.1 Organophosphate insecticides Dimethoate 40% (w/v), malathion 50 %
(W/v), parathion 50% (w/v) and methamidophos 60% (w/v) were kindly provided by
Agricultural Toxic Substances, Division, Ministry of Agriculture and Cooperatives.

3.1.2 Reagents Dimethylsulfoxide, magnesium sulfate heptahydrate, citric acid
monohydrate, di-potassium hydrogen phosphate anhydrous pure, sodium ammonium
hydrogen phosphate tetrahydrate, D(+)-glucose monohydrate, potassium chloride, di-
sodium hydrogen phosphate and crystal violet indicator were obtained through E.
Merck, (Darmstadt, Germany). d-Biotin was purchased from Sigma Chemical Co., (St.
Louis, Missouri, U.S.A). L-Histidine monohydrate and sodium chloride were obtained
from BDH Chemicals Ltd., (Poole, England). Ampicilin sodium was purchased from
Vesco Pharmaceutical Ltd., (Bangkok, Thailand). Bacto agar was supplied by Difco
Laboratories (Detroit, Michigan, U.S.A.). Oxoid nutrient broth No.2 was obtained
through Oxoid Ltd.,(Basingstoke, Hants, England). Sodium dihydrogen phosphate was

furnished by May & Baker Ltd., (Degengham, England).
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Aminopyrene (Aldrich, St. Louis, Missouri, U.S.A.) treated with nitrite was used as a
standard mutagen in this assay. Sodium nitrite and ammonium sulfamate were

purchased from Sigma Chemical Company (St. Louis, Missouri, U.S.A).

3.2 The Bacterial Tester Strains

Salmonella typhimurium strains TA98 and TA 100 were provided by Dr.
Wannee Kusamran, National Cancer Institute, Ministry of Public Health. Overnight
culture of the tester strains TA98 and TA100 were prepared in Oxiod nutrient broth
No.2 at 37°C with shaking. Manipulation of the cultures was done as suggested by

Maron and Ames. (125)

3.3 Nutrient Agar

3.3.1 Minimal agar plate

It contained 30 ml of minimal glucose agar medium consisting of 1.5% Bacto
Difco agar and 2% glucose in Vogel-Benner medium E (Appendix). A sterile petri
dish was used.

3.3.2 Top agar

It contained 0.6% Bacto Difco agar and 0.5% NaCl. It was autoclaved and
stored in a water bath of 45°C. Before use, ten ml of a sterile solution mixture of 0.5
mM L-histidine. HCI and 0.5 mM biotin were added to each 100 ml of the molten agar

and mixed throughly by swirling (Appendix).
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3.4 Mutagenesis Assay

The pre-incubation method of Yahagi e al. (118) was used throughout this
study. For the determination of direct mutagenicity, an aliquot of 0.1 ml of the test
compound was adjusted with DMSO or distilled water to be 0.2 ml, then it was mixed
with 0.5 ml of NaPO,-KCl buffer pH 7.4 and 0.1 ml of fresh overnight culture of tester
strain. The contents were mixed and incubated at 37°C for 20 min. After incubation,
2.0 ml of molten top agar (45°C) was added, mixed well and poured on to a minimal
glucose agar plate. His" revertant colonies were counted after incubation at 37°C for 48
h in the dark. Duplicate tests were carried out for each sample.

For each experiment, positive and negative control plates were included in the
assay. Negative control containing the bacteria and solvent (without test chemical) was
required to establish spontaneous mutation of each tester strain. Treatment of
aminopyrene 0.075mg/ml (0.06, 0.12 and 0.24 pg/plate) with excess of nitrite (500
mM) in acidic condition was used as a positive control. The mutagenicity of each
tested compound was presented as mean + SD number of histidine (his") revertants per
plate. The sample expressing its mutagenicity higher than 2 times of spontaneous
revertants with a dose-response relationship was evaluated mutagenic (123). Partial
killing effects (PK) represented the background lawn, which did not grow to be
revertant colonies and was partially killed because of toxicity of testing chemical.
Background lawn was indicated as PK if its background lawn in the absence of
chemical (control plate) was different from that in the presence of chemical. In the

present study, revertant colonies were not counted if they were determined to be PK.
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3.5 Aminopyrene-Nitrite (AP-NO", model)

| 1-AP treated with nitrite in acidic condition was selected to be the standard
mutagen formation model under acid pH similar to that of the stomach as suggested by
Kangsadalampai et al. (47). The direct mutagens occurred in the AP-nitrite reaction
were classified as compounds capable to induce frameshift mutation as well as base
pair substitution. Briefly explain, 10 or 40 ul 1-AP (0.075 mg/ml) in a tube fitted with
a plastic’ stopper was mixed with 0.74 or 0.71-ml of 0.2 N HCIl sufficient acid to
acidify the reaction mixture to pH 3.0-3.4 and 250 pl of 2 M NaNQ,. The final
concentration of NaNO, was 0.5 M. Each reaction tube was shaken at 37°C for 4 h.
The reaction was stopped by placing the tube in an ice bath. Ammonium sulfamate, (2
M), 0.25 ml, was then added to the reaction mixture in order to decompose the residue
nitrite and the whole was allowed to stand for 10 min in an ice bath. The reaction
mixture was then evaluated for its mutagenicity described above. Based on the
mutagenicity, the concentrations chosen as positive control were 0.06 pg/plate for

TA98 and 0.24 pg/plate for TA100.

3.6 Mutagenicity of Insecticides Treated with Nitrite

Dimethoate and methamidophos were diluted to be 100 mg/ml, while
malathion and parathion were prepared to be 12.5 mg/ml for the testing toward both
strains TA98 and TA100. Dimethoate, malathion and parathion were dissolved in
DMSO before the nitrite treatment while methamidophos was dissolved in distilled

water. Aliquot of each diluted insecticide (25, 50, 100 or 200 pl) in a tube fitted with

43901 | Ikbjagss
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plastic stopper was mixed with 0.550-0.725 ml of 0.2 N HCl containing sufficient acid
to acidify the reaction mixture to pH 3.0-3.4; then, 250 pl of 2 M NaNOQ, was added.
Each reaction tube was shaken at 37 °C for 4 h. The reaction was stopped by placing
the tube in an ice bath. Ammonium sulfamate, (2 M), 0.25 ml, was added to the
reaction mixture in order to decompose the residue nitrite and the whole was allowed
to stand. for 10 min in an ice bath. In this experiment, metabolic activation was not
included in the assay since it was found that the mutagenic products formed during
acidic nitrosation pH 3 were non-N-nitroso direct-acting mutagens (47). Each reaction

tube was evaluated for its mutagenicity as described above.

3.7 Effects of Insecticides on 4-h Incubation of Aminopyrene-Nitrite
Reaction Product

Each insecticide was diluted to the concentrations equal to that of the study in
3.6. Each diluted insecticide (12.5, 25, 50, 100 pl) was added to the test tube
containing 100 pl of 4-h incubation of aminopyrene-nitrite reaction product. The
reaction mixture was adjusted with DMSO or distilled water to be 0.2 ml, then it was

determined for its mutagenicity toward the Ames tester strains TA98 and TA100.

3.8 Effect of Insecticides during the Reaction of Aminopyrene-Nitrite

Stock solution, for this test, of dimethoate and methamidophos was 100
mg/ml, of malathion and parathion was 12.5 mg/ml. Each insecticide (25, 50, 100 or

200 ul) was pipetted into a tube fitted with a plastic stopper and was mixed with 10 pl
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(for tester strain TA98) or 40 pl (for tester strainTA100) of 1-aminopyrene (0.075
mg/ml) and 0.51-0.715 ml 0.2 N HCL. The reaction was started after 250 pl of 2 M
NaNO, was added. Each reaction tube was shaken at 37 °C for 4 h. The reaction was
stopped by placing the tube in an ice bath. Ammonium sulfamate (2 M) was pipetted
0.25 ml to the reaction mixture in order to decompose the residue nitrite and the whole
was allowed to stand for 10 mins in an ice bath. Each reaction tube was evaluated for
its mutagenicity as described above.

Enhancement or inhibition of mutagenicity was determined by comparing the
number of colonies of the experimental plate (containing AP-nitrite reaction mixture
and insecticide) to that of the control plate (containing AP-nitrite reaction mixture).
Using the formula:

Percentage of inhibition = (a-b)/(a-c)x100
Percentage of enhancement = (b-a)/(b-c)x100
where a = number of histidine revertants induced by the positive mutagen ( product of
AP-nitrite reaction); b = number of histidine revertants induced by the positive
mutagen in the presence of insecticide; ¢ = number of revertants of the negative
control (spontaneous reversion).

In the present study, modifying effects of insecticides on mutagen formed from

aminopyrene-nitrite were studied as described by Colomme et al. (126). The data were

analyzed for statistical significance using Student 's t-test. Antimutagenicity was
ranked as follows: more than 60% inhibition: strongly active; 60-40%: active; 40-20%:

weakly active; 20-0%: not active. Enhancement of mutagenicity was ranked in a
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similar way: 0-20% enhanecment: not active; 20-40%: weak enhancement; 40-60%:

enhancement; more than 60%: strongly enhancement.
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CHAPTER IV

RESULTS

To evaluate the direct mutagenicity of the nitrite treated insecticides, four
organophosphate insecticides (dimethoate, malathion, parathion and methamidophos)
were treated with 500 mM sodium nitrite at pH 3.0. The experimental design was
performed accordingly to Equation 1. Furthermore, to elucidate the effects of
insecticides on formation of mutagen during the reaction and on final product of

mutagen, effects of each insecticide on the mutagenicity of AP-nitrite reaction were

indicated by Equations 2 and 3.

37°C,4h
Insecticide + nitrite S Mutagenicity determination (Equation 1)
37°C, 4 h
Insecticide + AP + nitrite  —p  Mutagenicity determination (Equation 2)

37°C,4h
AP + nitrite —% + Each insecticide — Mutagenicity determination (Equation 3)

Mutagenicity of the Insecticides Treated with Nitrite

Table 3 shows that four organophosphate insecticides are not mutagenic toward

both strains TA98 and TA100. After interacting with nitrite under acidic condition,
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dimethoate, parathion, malathion and methamidophos expressed no mutagenicity on
either TA98 or TA100 since the highest concentration of each insecticide treated with
and without nitrite did not equal to twice the negative control. The killing effects of
nitrite treated dimethoate and methamidophos (1600 pg/plate) were shown with
toward both strains TA98 and TA100. Likewise, the killing effects of nitrite treated

malathion and parathion (200 pg/plate) were shown toward both strains TA98 and

TA100.
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The Effects of Insecticides on 4-h Incubation of AP-Nitrite Reaction

Product

The inhibitory effects or enhancing effects of insecticides on the mutagenicity
of AP-nitrite reaction product were detected toward both strains on TA98 and TA100
(Table 4). The insecticides, namely dimethoate and parathion inhibited the
mutagenicity of AP-nitrite reaction product on Salmonella typhimurium TA100;
likewise, malathion inhibited the mutagenicity of AP-nitrite reaction product on
TA100. The mutagenicity of AP-nitrite reaction product was inhibited less than 20% at
all testing concentrations of malathion and parathion on TA100 while the mutagenicity
of AP-nitrite reaction product was inhibited 31% with calculated 800 pg/plate of
dimethoate on TA100.

On the other hand, methamidophos enhanced the mutagenicity of AP-nitrite
reaction mixture product toward both strains TA98 and TA100; while, dimethoate,
parathion and malathion enhanced the mutagenicity of AP-nitrite reaction product on
TA98. The mutagenicity of AP-nitrite reaction product was enhanced to the maximum
of 17% with calculated 800 pg/plate dimethoate and with calculated 1600 pg/plate

methamidophos on TA98.
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Effects of Insecticides during the Reaction of AP-Nitrite.

Data of the mutagenicity of reaction mixture composing of AP, sodium nitrite
and insecticides incubated for 4 h are shown in Table 5. It was suggested that
malathion and parathion reduced the number of colony revertants induced by nitrite
treated AP on both strains TA98 and TA100 while dimethoate and methamidophos
reduced the number of colony revertants of nitrite treated AP on TA100.

Maximum percents inhibition of malathion (25 mg/ml) were 11% with 100
ug/plate on TA98 and 13% with 100 pg/plate on TA 100, while those of parathion
(100 mg/ml) were 12% with 25 pg/plate on TA98 and 17% with 100 pg/plate on
TA100, while those of dimethoate (100 mg/ml) were 12% with 400 pg/plate on TA9S.
There was no dose-response relationship conceming the inhibition activity of
parathion toward both strains TA98 and TA10C as same as methamidophos on TA100
on the AP-nitrite reaction mixture. While, malathion and dimethoate inhibited the
model with dose-response relationship.

On the other hand, the presence of methamidophos or dimethoate in the
reaction mixture enhanced mutagenicity of AP-nitrite reaction mixture on TA98
without a dose response relationship. The mutagenicity of AP-nitrite reaction mixture
was enhanced 21% with 200 pg/plate of (100 mg/ml) dimethoate on TA98 and 5%
with 1600 pg/plate on TA98 and 8% with 800 pg/plate on TA100 of (100 mg/ml)
methamidophos. The toxic effect of dimethoate (100 mg/ml) increased from 1600 p

g/plate with 800 pg/plate on strain on TA100.



M. Sc. (Food and Nutritional Toxicology) /45

Fac. of Grad. Studies, Mahidol Univ.

L¥811 (L3 X4 ,Snoauejuods
- Md g d 002 002
(-)%¢€1 vLFOIT] (%11 8LF663 001 001
(-)%6 11150921 (-)%9 YZIFIS6 0S 0S
(-)%3 S6F69Z1 ()%L YLFEY6 Y4 $T Jw/Bw g7
%0 YPFI9E] %0 901F8001 0 0 uoyye[ew
9F501 vF81
- 3d p 3d 0091 002
- d (+)%61 vSIFSL6 008 001
(%1 VEIF6611 (+)%0¢ 0£7F886 00t 0S
(%11 122FS021 %I 8EF9001 002 sz [u/8woQ |
%0 £SFOVEL %0 9EITFS6L 0 0 ajeoylowp
(%) serduerional (%) ojejdaueronar  (orerd/8r) ,aqn} uonoear
uonesypout SIH JO 'ON uoneoyIpow ,SIH Jo "'ON dojo aunu-Jy  ul
001V.L 86V.L junowry dojo I ap1onasu]

sIU-gV JO uonIesl 3y} Juump sapronoesut (¢O) 2ieydsoydourdio Jo s109]J4 ‘S 9[qe L



Results / 46

Wauttichai Kattubtim

yuswILIdxa JuaIslJIp om) wioy saje(d sjedrdnp Jo SUOHBIASP PIBPUB]STFSUBIW SB Passaidxa ale eje(

‘I 0§Z1 Sem aqn) 31myXIUW UOTJOBAI JO UOHBSONIU JO SWNJOA [B10) PUEB 9qN) UOIIOBII I)LIIU-JV Ul PAPPE Sem SOpIanoasul jo (jr)owm[op ,
109335 JuI[Iy [enred ,

: snoaurjuodg ,

"[O1U0d 9ATIE39U 3] JO SIUBLIDASI JO JOQUINU = 3 (S3PIdNISUL Jo 9oudsald ay) ur usSenw aanisod ayy £q paonpur sjULLISASI

QUIPYSIY JO JoquInu =q :(uonoesl NU-Jy Jo jonpoid ) usSenw aanisod ayy Aq poonpui SIUBLISASI SUIPHSIY JO JOqUINU = B 319YM
001%(2-q)/(e-q) = Juswedteyus jo 98ejuaoiod syussaidar (+)

001x(o-e )/(q-8) = uoniqryur jo a8ejuaoiad syussardar (-) ,

- SIF01 e FLl wﬁOoSwunomw

-  THIFOEYT (+#)%s SSFLYL 0091 002

(-)%s €EIFLOLIL (+)%e LYF6TL 008 001

(-)%8 14524481 (+)%¢€ YSFLEL 00¥ 0s
(-)%L STIF60T1 (+)%¥ 8LFEVL 002 Y4 [w/3w 001
%0 0978621 %0 SFPIL 0 0 soydoprureyjowr
8T601 Fl1T ,Snoauejuods

- Md o 3d 002 002

(-)%L1 61178901 ()% SEIFCI01 001 001

(-)%v1 Z6F6L01 (-)%01 89FEV6 0S 0S
()%C1 9ZI1F6T11 (%1 vSTFIL6 Y4 Y4 [w/3uw g1
%0 TLFYITL %0 L9FO0S01 0 0 uoryered

(%) arejdauenonas (%) arejdpueiionas (sre1d/311) ,9qn) uonoeal
uoneoyIpow SIHJOON  uonedyipow .STH Jo "ON doJjo AmI-Jv

001V.L 86V.L junoury ur Jo jo v opronoasy]

JIU-J v Jo uoinoeal oy} uumnp sapronoasul (JO) areydsoydouresio jo s109554 (1u0)) °S 9[qeL



Fac. of Grad Studies, Mahidol Univ. M. Sc. (Food and Nutritional Toxicology) / 47

CHAPTER V

DISCUSSION

The exposure of Thai people to pesticides in foods, dietary intake of pesticides
was revealed that total 10 organochlorine and organophosphate pesticides detected in
1990  were DDT (dichlorodiphenyltrichloroethane), heptachlor, dieldrin,
methamidophos, dimethoate, BHC (lindane), malathion, parathion-methyl, parathion
and endosulfan (17). In 1991, the pesticide residues found were dieldrin, DDT,
methamidophos, heptachlor, parathion-methyl, aldrin, dimethoate, malathion,
chloropyrofos and monocrotophos while carbamate was not detected in any samples.
The amount of each pesticide calculated as average intake per person per day was
lower than that of the acceptable daily intake established by WHO.

Insecticides and nitrate may be present in fruits and vegetables. Nitrate is
converted to nitrite by nitrifying bacteria (27). Nitrite is also present in human foods as
food additive. Although Elespuru et al. (11) revealed that many of pesticides found
widely used in agriculture and horticulture were approved "safe", it was possible that
insecticides may have the potential to react with nitrite in acid solution to form
mutagens. In the study of Mirvish et al. (9), nitrite could interact with nitrogen
containing compounds and produced N-nitroso products. Kato (93) also revealed that
nitrite could interact with non-nitrogen containing compounds and produced mutagens.

In addition, Kangsadalampai et al. (47) revealed that treatment of nitrite with
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polycyclic aromatic hydrocarbon (PAHs) in acid solution produced some non-N-
nitroso direct-acting mutagens. Hence, in the present study the mutagenicity of four
organophosphate insecticides treated with nitrite in an acid solution was evaluated.

Mutagens in food and the complexity of the mixture in which various forms of
interaction may occur, such as synergism and antagonism exist. In the study of
Donnelly et al. (127), the mutagenicity of benzo[a]pyrene was enhanced by 2-nitro-3,
7, 8-trichlorodibenzo-p-dioxin (2-NTCDD) while Lee et al. (128) found that benzo[a]
pyrene inhibited the mutagenicity of 1-nitropyrene by reducing the nitroreductase
activity involved in metabolic activation. The major product of aminopyrene-nitrite
reaction mixture is nitropyrene (93). It was chosen as a standard model for mutagen in
this study because the interaction of aminopyrene-nitrite could induce mutagenicity in
Salmonella typhimurium toward both strains TA98 and TA100 in absence of metabolic
activation in a similar manner occurring in stomach (47).

The results showed that the formulated product of insecticides (parathion,
malathion, dimethoate and methamidophos) were not mutagenic toward both
Salmonella typhimurium TA98 and TA100 in the absence of metabolic activation. The
negative results of the present study confirmed that of the former experiment done by
Shirasu et al (64). It was stated that malathion was not mutagenic in the Rec-Assay as
well as in the reversion assays on plates utilizing auxotrophic strains of Escherichia
coli (WP2) and on Salmonella typhimurium strains TA1535, TA1536, TA1537 and
TA1538. Hanna and Dyer (129) found that dimethoate exhibited negative mutagenic
responses in the Salmonella typhimurium strain his G46. This strain detects mutagens

that cause base-pair substitution. Fahing et al. (54) also found that parathion gave
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negative result on the Salmonella typhimurium and Escherichia coli with or without
metabolic activation. The mutagenicity of organophosphate pesticides was apparently
dependent of the ability of the compound to alkylate nucleic acids. There was an
evidence that only the methylating agents such as methylparathion and dichlorvos
showed genetic activity; the ethylating ones, such as parathion, malathion and
diazinon, were not mutagenic (130).

The results showed that nitrite treated parathion, malathion, dimethoate and
methamidophos were not mutagenic toward both Salmonella typhimurium TA98 and
TA100. It was indicated that the structures of parathion, malathion and
methamidophos were not classified in amide, carbamate, guanidine and urea groups.
Each of these treated with nitrite formed mutagens (9) Only the structure of dimethoate
contains amide groups which is considered as a possible candidate for formation of
nitrosamide (13). However, the negative result in this study might be obtained
because the concentration (1,600 pg/plate) of dimethoate treated with nitrite was lower
than that (10,000 pg/plate) studied by Seiler et al.

Seiler et al. (13) showed that nitrite treated dimethoate weakly displayed its
mutagenicity on strains his G46 and the number His™ revertants colonies per plate were
80 and 100 at 1000 and 10,000 pg/plate, respectively. However, such positive result
was not produced in the in vivo micronucleus test using oral application of ICR mice.
Explanation for these negative results was proposed. The pH in the mouse stomach
might not be low enough to catalyze sufficient nitrosation of the tested compounds.
They measured the acidity in the stomach of mouse and found pH values between 4

and 5. Thus enough nitroso derivative might not be formed to evoke a genotoxic effect
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in the bone marrow. Further investigation involving the intraperitoneal injection of
nitroso-carbaryl and nitroso-methomyl also led to negative results. Nitroso
compounds, on the other hand, might not have enough time in vivo to reach the target
cells in the bone marrow. Toxic effect found in the study was detected when
dimethoate (1600 pg/plate) was tested. It was indicated that dimethoate used in the
study of Seiler et al (13) was in pure form while that used in the present study was a
formulated product containing inert ingredients and surfactant that could be toxic to
bacteria cells (16).

The results showed that formation of mutagen occurring during the
aminopyrene-nitrite reaction mixture was not different from that in the presence of
insecticides. However, it should be further investigated concerning the effects of
insecticides on stability of aminopyrene and nitrite by determining the amount of
aminopyrene and nitrite after reacting with insecticides because the amount of both
chemicals could affect the formation of mutagens.

Although all insecticides showed negative results towards Salmonella
typhimurium TA98 and TA100 in the absence of metabolic activation, it cannot
conclude that the products after nitrite treatment did not have mutagenic activity.
Further studies using other mutagenic assays should be performed since Ames test
determined any mutagens as point mutations consisted mainly of base-pair substitution
and frameshift mutation. It was possible that compounds may induce changes in the
DNA and these two tester strains, Salmonella typhimurium TA98 and TA100 -could
not detect such alterations. The use of Rec Assay is recommended because this assay

tests DNA damage that is not specific on a locus of gene. Two tester strains of Bacillus
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subtilis are commonly used. The first strain contains DNA repair-proficient (Rec’) and
the other strain contains DNA repair-deficient (Rec). The strain Rec cannot repair
DNA damage and it is sensitive to detect mutagens. The growth inhibition zones for
Rec” and Rec” strains are measured and indicated as mutagen. It was revealed that
captafol, folmet and vamidothion were not mutagenic in Ames test but these

insecticides showed the mutagenicity in Rec Assay (64).
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CHAPTER VI

CONCLUSION AND SUGGESTION

The results revealed that dimethoate, malathion, palathion and methamidiphos
were not mutagenic after interacting with 0.5 M sodium nitrite in an acid solution.
Results also showed that neither on the formation nor on the mutagenicity of
aminopyrene-nitrite reaction product was modified when each insecticide was added.
Although the present study demonstrated that each insecticide treated with nitrite
showed negative results on Salmonella typhimurium but some pesticides (carbamate)
were known to interact with nitrite and produce mutagenicity. Therefore, exposure of
man to pesticides and nitrite should be minimized. The following suggestions should
be taken into consideration.

1. Contamination of pesticide was primarily on the surface, so peeling would
be an effective practice in reducing residue level on fruits and vegetables. Washing
alone would be less effective.

2. Cooking and/or processing could be an additional safety factor as many
residues in food were reduced if the food was eaten after cooking and/or processing.

3. The consumption of food rich in nitrate or nitrite should be minimized.
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APPENDIX

MANIPULATION OF THE TESTING STRAINS

1. Preparation of Stock Solution and Media

1.1 Vogel-Bonner medium E stock salt solution (VB Salt)

Ingredients 1 Litre 2 Litres
Distilled H,0 670 ml 1,340 ml
Magnesium sulfate (MgSO,. 7H,0) 10 g 20 g
Citric acid monohydrate 100 g 200 g
Potassium phosphate, dibasic (anhydrous) 500 g 1,000 g
(K,HPO,)
Sodium ammonium phosphate 175 g 350 g

(NaNH,HPO,. 4H,0)
Add salts to water in the indicated order and allow each salt to dissolve
completely before adding the next. Filter the solutions and then autoclave at 121°C for

20 mins.
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1.2 Minimal glucose agar plate

Ingredients 300 ml 350 ml
Bacto agar 45 g 525 g
Distilled H,0 280 ml 330 ml
VB salts 6 ml 7 ml
40% glucose 15 mi 17.5 ml

Add agar to distilled water in a glass bottle. Then autoclave at 121°C for 20
min. After the solution has cooled down slightly, add sterile VB salts and sterile 40%
glucose. Mix and pour 30 ml into each sterile petri plate. Minimal glucose agar plates

were kept in incubator at 37°C before used.

1.3 Oxoid nutrient broth No.2
Dissolve 2.5 g of nutrient broth No.2 in 100 m! distilled H,O. Transfer 12 ml

of nutrient broth for each flask (covered with sterile gauze). Autoclave at 121°C for

20 mins.

1.4 Top agar

Ingredients 200 ml 300 ml
Bacto agar 12¢g 18 g
Sodium chloride (NaCl) 10 g 15 ¢
Distilled H,0 200 ml 300 ml

Dissolve ingredients in water. Store in a glass bottle. Autoclave for 20 min at
121°C and then add 20 ml and 30 ml of 0.5 mM histidine HC1-0.5 mM biotin into 200

ml and 300 ml of top agar respectively.
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1.5 0.1 M L-histidine HCI stock

Ingredients 100 ml
L-histidine HCI | 2.09 g
Distilled H,0 100 ml

Dissolve 2.096 g of L-histidine HC1 (MW 209.63) in 100 ml distilled water.
Autoclave at 121°C for 20 mins.

1.6 1 mM L-histidine HCl stock

Ingredients 100 ml
0.1 M L-histidine HC1 1 ml
Distilled H,0 99 ml

Dilute 1 m! of 0.1 M L-histidine HC] in 99 ml of distilled water. Autoclave
at 121°C for 20 mins.

1.7 1 mM Biotin stock

Ingredients 100 ml
Biotin 24.43 mg
Distilled H,0 100 ml

Dissolve biotin (MW 244.3) in distilled water. Warm it until dissolve
completely. Autoclave at 121°C for 20 mins.

1.8 0.5 mM L-histidine HCI-0.5 mM biotin

Ingredients 200 ml
1 mM L-histidine HCl 100 mi
1mM biotin 100 mi

Mix and autoclave at 121°C for 20 mins.
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1.9 NaPO,-KCl buffer

Ingredients 330 ml
0.5 M NaPO, pH 7.4 100 ml
1 MKCl 16.5 ml
Distilled H,0 213.5 ml

Mix and autoclave at 121°C for 20 mins.

1.10 1.0 MKCl
Ingredients 1,000 ml
Potassium chloride 74.56 g
Distilled H,O 1,000 ml

Mix and autoclave at 121°C for 20 mins.

1.11 8 mg/ml Ampicillin solution

Ingredients 10 ml
Ampicillin (sodium) 800 mg
0.02N NaOH 10 ml

Dissolve and store at 0°C.

1.12 0.1% Crystal violet

Ingredients 10 ml
Crystal violet 10 mg
Distilled H,O 10 ml

Store at 0°C in glass bottle with screw cap.



Fac. of Grad. Studies, Mahidol Univ. M. Sc. (Food and Nutritional Toxicology) / 73

2. Procedure for Reisolation and Growing Culture

Tester strains, TA98 and TA100 are grown in Oxoid nutrient broth No.2 and
incubated overnight in a 37°C shaking water bath. The growth period should not
exceed 16 hours. These cultures are reisolated by streaking on minimal glucose agar
plates in which the surface were spread with 0.1 ml of 8 mg/ml ampicillin, 0.3 ml of
0.1 M histidine HCI and 0.1 ml of 1 mM biotin. These plates are incubated at 37°C
for 48 hours. After incubation, the 5 single colonies per strain TA98 and TA100 are
picked up and grown in Oxoid nutrient broth No.2 overnight at 37°C in shaking water
bath. Each culture is confirmed genotypes of the strains and kept the cultures as the
source of bacteria for mutagenicity testing. For each 1.0 ml of culture, add 0.09 ml of
spectrophotometric grade DMSO. Combine the culture and DMSO in a sterile tube
and distribute 400 pl of the culture aseptically into sterile cryo tube (Nunc). The tubes
should be filled nearly full and then transferred to a -80°C freezer.
3. Confirming Genotype of Tester Strains

The broth cultures of TA98 and TA100 are used to confirm genotypes in the
following ways.

3.1 Histidine requirement

The his’ character of the strains is confirmed by demonstrating the histidine
requirement for growth on the minimal glucose agar plates enriched with histidine and
biotin.

procedure :

platea  no histidine and biotin

plateb 0.1 ml of 1 mM biotin
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platec 0.3 mlof 0.1 M His-HCI
plated 0.3 mlof 0.1 M His-HC1 + 0.1 ml of 1 mM biotin

Four minimal glucose agar plates are required for each tester strains. Each of
the plates is applied on the surface with 0.1 ml of 1 mM biotin, 0.3 ml of 0.1 M His-
HC, 0.3 ml of 0.1 M His-HCI plus 0.1 ml of 1 mM biotin, and no application (on
plate b, c, d, and a respectively). Make a single streak of each strain across these
plates. Five strains could be tested on the same plates. Incubate them at 37°C for 48
hours. The growing of bacteria on histidine plus biotin plate is the result of histidine

requirement.
3.2 R Factor

The R-factor strains (TA97, TA98, TA100 and TA102) should be tested
routinely for the presence of the ampicillin resistance factor because the plasmid is

somewhat unstable and can be lost from the bacteria.

Procedure : For each tester strain, add 0.3 ml of fresh overnight culture to a
tube containing 0.1 ml of 0.1 M histidine-HCl followed by adding 2.0 ml of molten
top agar containing 0.5 mM histidine-HCL and 0.5 mM biotin. Mix and pour them on
a minimal glucose agar plate. Rotate the plate to distribute the mixtures and allow
several minutes for agar to become firm. R-factor and rfa mutations (see the next
section) are performed in the same plate by dividing the plate into 2 areas, one for R-
factor and the other for rfa mutation. For R-factor, commercial ampicillin disc or filter
paper disc containing 8 mg/ml ampicillin is applied on the surface of the agar by using

sterile forceps. The disc is pressed lightly to embed in the overlay. The plates are
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incubated at 37°C for 24 hours. The absence of the clear zones of inhibition around
the disc indicates the resistance to ampicillin.

3.3 rfa Mutation

Strains having the deep rough (rfa) character should be tested for crystal violet
sensitivity (160).

Procedure : Pipet 0.1% solution of crystal violet to the sterile filter paper disc
(1/4 inch) and tranfer the disc to plates, seed with bacteria (the procedure is similar to
R-factor). Incubated at 37°C for 48 hours. The clear zone appearing around the disc

indicates the presence of the rfa mutation that permit crystal violet to enter and kill

bacteria.

4. Spontaneous Reversion

Spontaneous reversion of the tester strains to histidine independence is
measured routinely in mutagenicity experiments and is expressed as the number of
spontaneous revertants per plate. The revertant colonies are clearly visible in a
uniform background lawn of auxotrophic bacteria. [Each tester strain reverts
spontaneously at a frequency that is a characteristic of the strain. Nevertheless, there
is a variability in the number of spontaneous revertants from one experiment to
another and from one plate to another, and it is advisible to include at least 2-3
spontaneous mutation control plates for each strain in a mutagenicity assay.

Procedure : 0.1 ml of sterile water is added to capped culture tube. Add 0.5
ml of NaPO,-KCl buffer pH 7.4, 0.1 m! of fresh overnight culture of TA98 or TA100,

and followed by 2.0 ml of molten top agar. Mix and then pour on minimal glucose
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agar plate. Rotate plates and leave them to become harden. Incubated at 37°C for 48

hours and the his'revertant colonies were counted.

5. The Response to Standard Carcinogen

Standard mutagens or positive mutagens are used routinely in mutagenicity
experiments to confirm the reversion property and specificity of each strain. The
standard mutagen which is used in these experiment is nitrosoaminopyrene. Tester

strain which highly respond to positive mutagens is collected.

Procedure : 1.157 mg of aminopyrene (MW 217.27) is dissolved in 0.75 ml
of 0.2 N HC1. 0.01 m! of the supematant is pipetted to capped culture tube. Add 0.74
ml of 0.2 N HCl and 0.25 ml of 2 M NaNO,. The final concentration of aminopyrene
is 6.1706 x 10* M and the final concentration of nitrite is 0.5 M. Mix and shake in
water bath at 37°C for 4 hours. Place the tube in an ice bath and add 0.25 ml of 2 M
NH,SO,NH,. Stand it for 10 mins. Pipetted 50 pl and 100 pl of the mixture to each
capped culture tube to test the stock culture TA98 and TA100. Then evaluate their
mutagenicities as described in spontaneous reversion. The characteristic of the stock

culture for TA98 and TA100 as the source of bacteria for mutagenicity is
a. containing R-factor (pKM 101) and rfa mutation.
b. His" requirement.
c. low spontaneous reversion.
d. highly respond to standard carcinogen.

After the characteristic of the culture is tested, the mutagenicity test starts.
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Reference : Maron D. M., Ames B. N. Revised methods for the Salmonella

mutagenicity test. Mutat Res 1983; 113: 173-215.
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