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Tetramethylthiuram disulfide (42-S Thiram), a carbamate

fungicide was studied for its mutagenic potential on the germ

cell stages of wild-type male Drosophila melanogaster. The

mutagenicity was tested using the sex-linked recessive lethal

assay (SLRL). Any lethals induced in the F2 generation were

evidenced by the absence of wild-type males. Although there

was an increase in mutation rates in the 42-S Thiram treated

wild-type males over the control wild-type males, it was not

significantly higher. According to the laboratory conditions

in this preliminary study, tetramethylthiuram disulfide

failed to produce mutagenic effect.
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INTRODUCTION

As human beings we are subjected to a variety of

chemicals from food additives and drugs to pesticides and

other industrial chemicals in the forms of liquids, solids,

dusts, and aerosols. We are exposed daily through such media

as water, food, soil and air. Over 500 chemicals are

introduced to the Council on Environmental Quality each year

adding to the approximately million chemicals presently in

use (Lee, 1976).

There is increasing concern regarding the mutagenic

activity of these environmental chemicals, in particular

commercially prepared pesticides, insecticides, herbicides,

and fungicides. The mutagenic potential, in which a possible

change occurs in the heredity material (i.e. genes or

chromosomes), of chemical agents often overlaps the

carcinogenic activity in which a tumor is produced (Lee,

1976). Thus, present generations of organisms, as well as

their offspring, are potentially threatened by exposure to

compounds that may possess these overlapping properties.

The first convincing evidence for chemical mutagenicity

was established by using Drosophila melanogaster as the test

system. In 1941 experiments were conducted by C. Auerbach

and J. M. Robson to test the mutagenic effects of mustard gas

on the fruit fly. Their conclusive results found mustard gas
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to be highly mutagenic for sex-linked recessive lethal

traits. Their initial findings of 7.3% sex-linked recessive

lethals for mustard gas were later found to be too low; about

24% was observed. However, these experiments, though well

documented, were considered classified information due to war

time secrecy and went unpublished until after the war in

1946. These early experiments opened the door for many other

chemicals to be tested by various scientists (Lee, 1976).

The next three years (1946-1948) I. A. Rapoport

published reports in the Soviet Union of mutagenic effects on

D. melanogaster of formaldehyde, dimethyl sulfate, urethane,

diazomethane, some epoxides, and some unsaturated aldehydes.

By 1951 a list of 314 references was published by I. H.

Herskowitz citing the work of several investigators that had

performed mutagenicity testing of various chemicals on D.

melanogaster (Lee, 1976).

Nonetheless, after Auerbach and Robson's studies, it

remained the popular belief by many in the scientific world

that studies on induced mutation bore no correlation to the

risk hazards of man. This prevailing attitude was explained

in 1958 by J. V. Neel and W. J. Schull in their textbook,

Human Heredity. In it they state, "Much of the work in this

field has been carried out with bacteria and Drosophila. In

the case of the bacteria, the chemical to be tested is simply

added to the nutrient medium in which they are growing. In
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the case of Drosophila, the chemicals are particularly

effective when incorporated into a very fine 'mist'

(aerosol), which presumably is then carried to all parts of

the body by the tracheal system. Moreover, because of the

elaborate mechanisms which maintain the chemical constancy of

the human body during life, it seems unlikely that exposure

to various chemical agents exert a very large influence on

human mutation rates. But the situation with respect to

certain types of radiation which can penetrate the body with

ease is potentially quite different" (Neel and Schull, 1958).

Early attempts to arouse concern for mutagens to the

health risk of man went unsuccessful. But many developments

such as the publication, "Silent Spring", by R. Carson on the

extinction of species, the thalidomide disaster, and other

growing evidence of organisms' response to chemicals caused

the awakening of the scientific community (Ehling, 1982).

The next two decades, following Auerbach and Robson's

study, resulted in the testing of more compounds, better

testing procedures and the expansion of the use of

microorganisms and tissue cultures as the test systems for

mutagenic effects. Finally on September 14, 1966, the

National Institute of Health, the Genetics Study Section, and

Division of Research Grants sponsored a conference at the

Jackson Laboratory in Bar Harbor, Maine. At this conference

four recommendations were proposed as quoted below:
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Recommendation 1: That an up-to-date register of

mutagenic chemicals be kept and the information made

generally available.

Recommendation 2: That tests for mutagenicity be a

routine part, such as toxicity tests now are, of the testing

of chemicals that are used as food or drugs, or to which

large numbers of persons may be exposed for other reasons.

Recommendation 3: That research to develop more

sensitive and cheaper assays of mutagenicity and chromosome

breakage or assays based on organisms more closely related to

man, be encouraged and supported.

Recommendation 4: That the feasibility of genetic

monitoring of the human population for chromosome breakage

and increased genetic disease be explored (Ehling, 1982).

The approval granted to an agency to market their

chemical must first be preceded by screening tests for

qualitative identification of mutagens as stated by

Recommendation 2 of the above conference. There are two

schools of thought regarding the strategy for screening.

Firstly, one school believes that approval should be granted

if satisfactory testing has been completed on in vitro and in

vivo systems. The other school acknowledges approval with

only the in vitro testing. B.A. Bridges first recognized the

need for combined screening, by proposing a three-tier

strategy. Tier 1 of the strategy involved in vitro testing,
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which included the D. melanogaster as a test system. This

tier screened for gene and chromosomal mutations. It was

referred to as the sub-mammalian testing. Chemicals with

negative results were passed and their use approved by the

appropriate authority or testing proceeded to the next level

depending on if the chemical was ingested or accumulated

within the body. After this initial phase the chemical was

passed to subsequent tiers (Rinkus and Legator, 1980).

Tier 2 involved testing on the whole mammalian level for

in vivo detection of gene and chromosomal mutations.

Compounds with negative results in this level were definitely

passed and approved for intended use. On the other hand,

chemicals with positive findings were advanced to Tier 3, the

final step for verification. This tier attempted as closely

as possible to identify the risks to man and evaluate the

counter benefits. The advancement to Tier 3 was for

chemicals in which there was potential value to man and

absolutely no non-toxic substitute available (Rinkus and

Legator, 1980).

The protocol for in vitro system testing alone was first

advocated by W. G. Flamm. His line of reasoning stated that

Tier 1 was sufficient to pre-screen potential genetic events

related to man. Thus, microbes with mammalian metabolic

activation systems were used. Presumptive mutagens found
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positive in this preliminary test were then tested in Tier 2

(Rinkus and Legator, 1980).

Confirmation at level 2 utilizes D. melanogaster and

mammalian in vivo testing. Chemicals with positive results

in Tier 2 were then screened at the third tier similar to the

testing proposed by Bridges (Rinkus and Legator, 1980).

Use of the in vitro systems alone in qualitative testing

had some inadequacies because it had been shown that some

potential mutagens needed to be enzymatically activated by

mammalian metabolism in order to exhibit true mutagenicity.

Thus, false negatives could have resulted by using only one

system instead of the battery testing of both in vitro and in

vivo systems (Rinkus and Legator,1980).

What if a harmful mutagen had slipped through the

screening system undetected? A question posed by one author,

J. W. Drake, was, "If environmental mutagenesis began to

increase the human mutation rate today, how long would we

have to act?" In current conditions an 100% increase in

mutation rates could go undetected for years. Screening

programs to monitor well-defined mutational events in

newborns could detect a 50% increase. But such a proposal

would have limited usefulness since it would not generate the

cause of the mutation increase, thus, identifying only the

crisis without data for resolution. Likewise, the screening

program would also be very expensive to operate. Therefore,
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as present conditions prevail an environmental mutagen that

has slipped through all screening programs would take nearly

a generation to detect (Drake, 1978).

If such a powerful environmental mutagen were

identified, the immediate withdrawal from the market would

still not ensure its decreased concentration in the

environment. Some chemicals have a very long decay life

requiring years or even decades. And even some heavy metal

organic complexes may persist for centuries, not to mention

the already affected germ cells that will remain for another

generation (Drake, 1978).

Out of thousands of chemicals marketed and hundreds

widely used, the average body is probably exposed in at least

milligram quantities, if not larger, to some of these

compounds. With such chemicals already distributed and the

lack of past mutagenicity screening, it is very likely that

some of them already in use are presently mutagenic to humans

(Drake, 1978).

Such thought provoking ideas have led to the founding of

several environmental societies. The need for screening

potential mutagens has created the rise of over 1000

governmental, industrial, and academic laboratories

throughout the world (Fishbein, 1976). Up to date lists of

tested compounds can be obtained from the Environmental

Mutagen Information Center at the Oak Ridge National
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Laboratory in Oak Ridge, Tennessee (Ashburner and Novitski,

1976).

The objective of this study was to identify the

potential mutagenicity of one highly used chemical

tetramethylthiuram disulfide (42-S Thiram) on the germ cell

stages of D. melanogaster.



CHAPTER I

THE TEST COMPOUND: TETRAMETHYLTHIURAM

DISULFIDE

Tetramethylthiuram disulfide ( 42-S Thiram) was chosen

as the compound to be tested in this study. This organosulfur

liquid (C6H12N254) is a white solution with a faint odor

containing 42% Thiram as an active ingredient. It has a pH

of 7.5 and a specific gravity of 1.142 (Gustafson, 1990).

Thiram was first introduced by E. I. Dupont de Nemours and

Company in 1931. "It is produced by the oxidation, using

hydrogen peroxide or iodine, of sodium

dimethyldithiocarbamate, which is obtained by the interaction

of carbon disulfide and dimethylamine in the presence of

sodium hydroxide" (Sinha et al., 1988). According to the

Farm Chemical Handbook of 1989, it is used as a seed

protectant in which it "decreases losses from seed decay,

damping off and seedling blights caused by many seed-borne

and soil-borne organisms. As a fungicide it is used for

certain fungal diseases of apples, peaches, strawberries,

celery, and tomatoes. It is used for large brown patch snow

mold and dollar spot on fine turfs. As a repellent, it

protects fruit trees, shrubs, ornamentals and nursery stock

from rabbit, rodent, and deer predation" (Mortvedt, 1989).

9
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It is commonly produced under the following tradenames:

Fernasan, Fermide, Fermacol, Hexathir, Nomersan, Panoram75,

Polyram-ultra, Pomarsol, Pomarsolforte, Spotrate, Thiram,

Thiride, TMTD, Tripomol, TMTDS, Trimeton, TUADS, Thirasan,

Thirampa, Thiotox, Thiramad and Thiosan. It is also used in

manufacturing as the action accelerator of sulfur in

vulcanizing rubber (Sinha et al., 1988).

Thiram is moderately toxic if ingested. The mammalian

oral LD50 ranges from 350-2500 mg/kg. The oral LD50 to

rabbits is 350 mg/kg. The application of Thiram with a dose

of 50 mg/kg to the skin of rabbits did not have an irritating

effect. It has been shown to be teratogenic when given for

seven to eight days to the hamster at 250 mg/kg suspended in

carboxymethyl cellulose. Prolonged exposure in humans who

had occupational contact imparted ophthalmological changes in

workers age 20-58 years old. These changes included chronic

conjunctivitis with reduced visual acuity, retinal vessel

diameter changes, retinal arterial pressure increases,

corneal sensitivity reduction, and delayed darkness

adaptation (Sinha et al., 1988).

Basic toxicity tests have been performed on Drosophila

melanogaster by Marchal-Segault, Seuge and Lauge at the

University of Paris. The tetramethylthiuram disulfide

fungicide used in their lab came under the name of Pomarsol

and contained 80% Thiram as the active ingredient. Their
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concentration exposure was 2000 ppm: ppm is equivalent to

mg/i. This exposure dose is well under the recommended label

dose for field use. Their results indicated that populations

of D. melanogaster fed on control diets lived for 47 days,

whereas Thiram fed flies had a median life span of 27 days,

resulting in a 42.5% reduction in median lifespan (Marchal-

Segault et al., 1985).

When the effects of the number of progeny flies that

emerged were studied, it was shown that there was a 60%

reduction of progeny when using Pomarsol. Of the surviving

flies, abnormalities were noted such as reduced body size and

leg paralysis (Marchal-Segault et al., 1985).

All of their investigations suggest that Thiram has a

high toxic effect. Extreme excitability was observed within

two days before fly death.

Two factors seemed to greatly affect the persistence of

Thiram; condition of the soil and concentration of the

organosulfur compound. Persistence is defined as "the

residence time of a chemical species in a specially defined

compartment of the environment." In the context of this

definition "compartment" is a phase of environment whether it

be plant tissue, animal, soil, air or water. Firstly, Thiram

mixed with soil showed a half life of 1-2 days. However, if

the fungicide and soil were mixed on the surface of glass

beads, the persistence was increased showing initial
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concentration even after 21 days. The breakdown, therefore,

seemed to be more rapid in unsterilized soil, thus pointing

to the fact that microbial activity played a great part in

its degradation. Also, the pH of the soil seemed to be a

consideration in the persistence. In another study it was

shown to decompose in four to five weeks in sandy soil with a

pH of 3.0-4.0. But in a more neutral soil (pH 7.0) Thiram

persisted for 14-15 weeks. Secondly, the higher the

concentration of Thiram, the longer it persisted in the soil.

One investigator found that at high concentrations (1000 ppm)

Thiram persisted for 105 days (Sinha et al., 1988).

The basis of toxicity for this compound is its

attachment to enzymes or other cellular components within the

cell or on the cell surface, thus inhibiting enzymatic

activity or other important cellular functions. Studies on

the enzymatic activities of most dithiocarbamate fungicides

are limited. However, it has been shown that low

concentrations of Thiram (5 ppm) stimulated the phosphatase,

dehydrogenase, and urease activity in clay soil whereas at 10

ppm it was found to be innocuous. On the other hand, no

effect in organic soil was shown on the dehydrogenase and the

urease activity, while the phosphatase activity was actually

retarded (Vyas, 1988).

The degradation of Thiram can take a variety of pathways

depending on the compartment that it is contained within
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(Figure 1). When Thiram is broken down in fungi and yeasts

by microbes and other reducing agents it produces the

dimethyldithiocarbamate ion (DMDC). This DMDC ion can

readily form heavy metal complexes with such metals as

copper, zinc and iron. Or in other compartments with a pH

less than 7.0 the DMDC ion can also be converted to

dimethyldithiocarbamic acid which eventually is converted to

dimethylamine (DMA) and carbon disulfide (CS2). Yet, in

other microbial organisms such as Saccharomyces arerisiate,

Escherichia coli, the DMDC can form amino and ketobutyric

acids. And for even more diversity, one strain of

Pseudomonas that utilized Thiram as its carbon, sulfur and

nitrogen source degraded it to dithiocarbamate (DTC),

dimethylamine (DMA), formaldehyde, methionine, and elemental

sulfur, Figure 2 (Sinha et al., 1988).
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CHAPTER II

THE TEST SYSTEM: DROSOPHILA

MELANOGASTER

Drosophila melanogaster is often the eukaryotic test

organism of choice for detecting mutagenic effects. This

organism belonging to the Family Drosophilidae in the Order

Diptera, has a genome with a diploid number of eight; three

pairs of autosomes and a pair of sex chromosomes (Jamieson,

1987). Although the female has two X chromosomes and the

male has an X and a Y, sex determination is based on the

balance of autosomes and the number of X chromosomes. This

sex determining system differs in humans in which the

presence or absence of the Y chromosome determines the sex

(Mitchell and Combes, 1984). Using D. melanogaster as the

test organism offers the following advantages.

Firstly, D. melanogaster conducts many of the same

metabolic processes as the mammalian liver (Sobels and Vogel,

1976). Since the 1960's extensive studies have been

conducted revealing that insect microsomes are enzymatically

conducting similar processes as the mammalian liver.

However, insects do not have a specific organ in which the

microsome enzymes are located. Nonetheless, the endoplasmic

reticulum has been found to be the cell organelle center in

16



17

which pesticides and other chemical mutagens are metabolized

(Wurgler et al., 1984). The insect tissues in which the

endoplasmic reticulum executing these enzymatic functions is

most highly developed is the fat body, Malpighian tubules,

and various parts of the gut. In D. melanogaster, the male

germ cells, spermatocytes and spermatids also exhibit highly

developed endoplasmic reticulum, whereas in the mature sperm

it disappears (Rinkus and Legator, 1980).

Secondly, the short life span and the generation time,

10-14 days, makes it possible for a pair to produce a large

number of offspring, thus, generating a sufficient

experimental sample size. The fruit fly life cycle consists

of four distinct stages (Figure 3). It first remains two

days in the egg stage and the next six days in the larval

stage (Flagg, 1981). During the larval stage the worm-like

segmented larvae burrows through the food consuming three to

five times their initial weight, increasing from

approximately 0.05 mg to 2.0 mg (Mitchell and Combes, 1984).

While in the larval stage it molts twice, that is it sheds

its cuticle, spiracles and mouth hooks. The larva is called

an instar before and after the molting takes place, thus it

has three instars. In the third instar period, the

cuticlehardens and becomes the puparium. The fruit fly then

the puparium, metamorphosis takes place in which the pupa

darkens just prior to adult emergence. The adult will force
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its way through the anterior end of the puparium (Flagg,

1981).

After emerging, the female will begin laying eggs in

approximately two days. The male fly will reach virility

about 12 hours after emergence. The adult fly may live up to

several weeks in optimal conditions (Flagg, 1981).

Adult flies are generally 2.0-3.0 mm long with males

being slightly shorter than females. Their bodies are

composed of a head, thorax, and abdomen. Males have certain

phenotypic traits that can easily be seen for the purpose of

sexing. These traits include a heavily melanized rounded

abdomen and an unequivocal pair of dark comb-like bristles on

the forelegs called. sex combs. 'The female, in contrast, has

an evenly colored, more pointed abdomen (Mitchell and Combes,

1984).

The most prominent feature of the fly is its

characteristically distinct eye. Each compound eye is

composed of 700 facets. This trait is very mutable resulting

in various colors and shapes (Mitchell and Combes, 1984).

The third advantage for using D. melanogaster is the

ability to sample the effects of the test chemical on all

stages of gern cell development. Being able to test all

developmental stages is important because in D. melanogaster,

sensitivity to certain chemicals could be stage specific,

being more pronounced in one phase than in another. In fact,
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in most cases, despite the chemical being tested, the stage-

specific sensitivity is greater in spermatids and

spermatocytes. This may have a correlation to the fact that

the endoplasmic reticulum, where the center of drug

metabolism occurs, is most highly developed in these stages

(Wurgler et al., 1984).

Spermatogenesis begins early in the larval stage with

the production of mature sperm being coincidental with adult

hatching. For approximately one month into the adult life

spermatogenesis continues resulting in the testes containing

sperm from all stages of development, however, spermatids and

spermatozoa predominating. The total time it takes for a

spermatogonium to develop into a mature sperm is nine days

(Mitchell and Combes, 1984). The time in days it takes for

spermatogenesis to occur was determined by calculating the

amount of time it takes for the last premeiotic DNA synthesis

to develop into mature active sperm. This calculation was

performed by using radiolabeled 3 H-thymidine precursor.

Consequently, spermatogenesis was shown to elapse over an

eight to ten day interval. Thus, the brooding pattern

established uses a nine day regime (Lee, 1976). The total

sperm length in D. melanogaster has been shown by light

microscope to be 1.76 mm long with a head length of 7-13

micrometers (Jamieson, 1987).

OWN
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Temperature is one important consideration when raising

fruit flies because of its effects on the process of

spermatogenesis. Although, D. melanogaster can be reared at

a temperature between 10 and 28'C, a temperature of 26'C has

been shown to be detrimental to the process of spermiogenesis

where there is ultrastructural abnormalities showing a 50%

viability loss (Jamieson, 1987). In another study, it was

shown that at 31'C 96% of D. melanogaster males and 50% of

the females were sterile (Bursell, 1964).

If normal spermatogenesis occurs however, and the female

is receptive, a single ejaculate can fertilize a female for

life since she has sperm storing capacity (Mitchell and

Combes, 1984). She can then lay as many as 500 eggs in 10

days (Flagg, 1981). Once ejaculation has occurred the

spermatozoa can swim activily to the seminal receptacle

called spermatheca. These post-copulation sperm storing

spermathecae are pouch-like receptacles that extend from the

oviduct (de Wild, 1964). Oogenesis occurs in adult females

with eggs being laid when the female reaches two days old

(Mitchell and Combes, 1984).

The fourth advantage for testing fruit flies is the

relatively simple and inexpensive breeding and test

facilities (Valencia et al., 1984). It takes a minimal

amount of equipment for raising the flies. Culture vials,

plugs, labels and medium are required for housing and



22

feeding. White background index cards, fine camel's hair

paint brush, anesthetic, and a dissecting microscope with a

cool light are necessary for examining them. These articles

can be purchased for a relatively small amount of money

(Flagg, 1981).

The study of chemical mutagenesis is a descriptive

science. It is difficult to analyze the quantitative

relationship between the chemical exposure and the actual

dose that reaches the germ cell line. When referring to

"dose" in the chemical mutagenesis literature one is actually

speaking of exposure to the test organism, i.e. concentration

of chemical in feeding media and length of exposure time. We

cannot assume a true linearity between dose to the germ cell

line and exposure of the chemical mutagen because of the

various considerations of physiological effects and chemical

interactions that occur inside the organism after exposure.

These considerations include enzymatic activation or

degradation of the compound, metabolism and circulation of

the test subject, or transport across cell membranes. Only

the amount of the chemical mutagen that penetrates the germ

cell line can be of genetic importance in heritable mutations

(Lee, 1976).

The only method that can be used with certainty to test

the actual concentration of mutagen in the gonad is the

technology of utilizing radioisotopic tracers to detect the
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minute quantities of the compound in the germinal cells. For

the purposes discussed in this paper the tracer techniques

were not used to calculate the chemical dosimetry. Instead,

descriptive terms such as exposure were used to discuss

chemical mutagenesis. The method of exposure chosen for the

following study was feeding (Lee, 1976).

Of the possible exposure methods, (e.g. injection,

vaginal douches, and inhalation) feeding is considered to be

the most common and simplest route of exposure. In all

feeding procedures, palatability must be considered. Flies

tend to avoid imbibing a distasteful chemical agent. In one

ingestion study, avoidance to feed was tested by using 
1 4C-

labeled sucrose as a feeding media and then measuring the

radioactivity in the fly approximately two and four hours

into the feeding period. When the chemical ethylmethane-

sulfonate was added to the sucrose solution it was noted that

at the fourth hour flies ingested only one-tenth of the

amount of chemically enhanced sucrose solution as the control

flies who were fed on sucrose alone. One way to help deter

the taste rejection behavioral pattern is to starve the flies

in empty vials prior to the feeding period (Lee, 1976).

A second consideration when using the feeding method as

the exposure route is the vapor pressure in surrounding areas

of the feeding surface. Consequently, flies are exposed not

I - -,I ------------
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only via the digestive tract but also the trachea by

inhalation (Lee, 1976).

Many chemicals require metabolic action of an organism

to induce a potential mutagen into an active mutagenic form.

The feeding method allows for maximum opportunity for the fly

to carry out this inducement by metabolic activity. This

perhaps accounts for the greatest advantage in using the

feeding method (Lee, 1976).



CHAPTER III

THE TEST ASSAY:SEX-LINKED

RECESSIVE LETHAL TEST

One of the quickest, most economical and sensitive tests

for identifying substances with mutagenic potential is the

broad spectrum sex-linked recessive lethal test (SLRL). This

test offers three crucial advantages. It is accepted by

environmental authorities such as the U. S. Environmental

Protection Agency Gene-Tox Program as a primary test for

mutagenicity. It has been well validated by serving as the

test for over 200 mutagens and carcinogens. And due to its

wide acceptance and use as a primary test in the laboratory,

the methods have become well standardized. (Mitchell and

Combes, 1984). This classical assay has superior capacity in

discriminating mutagens from non-mutagens in the fruit fly

because it screens for forward mutations on the non-pairing

segment of the X chromosome testing 600-800 loci, which

constitute approximately one fifth of the entire Drosophila

melanogaster genome (Abrahamson et al., 1980).

The theoretical basis of the SLRL test suggests that if

an individual has two recessive alleles for a mutation then

it becomes lethal because there is no dominant allele on the

corresponding homologous chromosome to mask the mutation. If

25



26

the mutation is located in a male on the non-pairing portion

of the X chromosome it is sex-linked and therefore has no

corresponding allele on the Y chromosome. Thus, the

hemizygous males carrying the lethal mutation will die before

maturity. However, female offspring will not die even though

they receive one paternal X chromosome bearing the lethal

because the other X chromosome from the maternal side is

bearing a normal dominant allele. Thus, the female offspring

are heterozygous carriers for the recessive lethal mutation.

These heterozygous carriers will reproduce and pass on one of

their X chromosomes to their progeny where it will be

manifested in 50% of the males (Mitchell and Combes, 1984).

In D. inelanogaster, the sex-linked recessive lethal test

does not involve actual microscopic scoring of the chromosome

aberrations, as in mammalian cytogenetic tests. Instead, it

conveniently utilizes flies with various shapes and eye

colors since the locus for these traits are located on the

non-pairing segment of the X chromosome (Valencia, 1984).

Henceforth, wild-type D. melanogaster males with red,

round eyes are randomly selected as test subjects to be

treated with the chemical agent. They are then mated to Basc

females exhibiting a recessive allele for white apricot

(light orange) eyes and a semi-dominant allele for bar which

shows a phenotypic trait of narrow eyes in the homozygous

condition. The heterozygous condition for the bar trait

1444WW, ,
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results in a kidney shape eye in the female, whereas in the

hemizygous male the bar trait results in a narrow eye since

it is carried as a single gene on the non-pairing segment of

the X chromosome. The X chromosome in the Basc flies carries

an inversion as well as the narrow, apricot eye traits.

Crossing over is prevented by this inversion assuring that

lethals generated by treatment will not be crossed into the

maternal X chromosome. Therefore, certainty can be assured

that the lethals obtained by exposure of the chemical

solution to the X chromosome in the parental male will be the

only lethal transmitted to the F2 males because the inversion

of the X chromosome blocks the lethal from being crossed over

into the maternal line. Thus, absence of wild-type males

with red, round eyes in the F2 generation is indicative of an

induced sex-linked recessive lethal mutation, Figure 4

(Mitchell and Combes, 1984). For a list of other compounds

that have been proven to be mutagenic to the male D.

melanogaster by feeding exposure detected by the sex-linked

recessive lethal test refer to Table 1.

Caution must be taken when one is attempting to

extrapolate mutation rates from animal data to humans. Such

parameters as pharmacokinetic characteristics, ability of

mutagen binding to DNA and protein and DNA repair and

misrepair systems in different organisms may vary markedly

(Wolff, 1978). It is a very complicated process. However,

-1 "41 -, " I I " " 4wpfflwmw, - , '', . I I
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Table 1

COMPOUNDS MUTAGENIC BY FEEDING TO
MALE DROSOPHILA MELANOGASTER

DETECTED BY SLRL

Agent Reference

Formaldehyde Alderson, 1965
Ratnayake, 1970

Benzo [a] pyrene Nguyen et al., 1979

LSD

Thioridazine

Caffeine

Diethyl sulfate

Dimethyl sulfate

Styrene

Simazine

Sodium saccharin

Captan

Folpet

Vann, 1969
Markowitz et al., 1969

Rao et al, 1973

Shakarnis, 1970
Clark and Clark, 1968

Rao and Ramanamma, 1971

Vogel and Natarajan, 1979

Donner et al, 1979

Murnik and Nash, 1977

Kramers, 1977

Kramers and Knapp, 1973

Vogel and Chandler, 1974
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with certain data and calculations, the sex-linked recessive

lethal test utilizing the D. melanogaster has been carefully

manipulated to extrapolate mutation rates to the human race.

Spontaneous mutations arise naturally in D.

melanogaster. If however, the mutation rate of a chemical is

0.2% above the spontaneous rate it can be detected by the

SLRL assay. Approximately, 600-800 loci of the non-

homologous segment of the X chromosome is tested with this

sensitive test. The 0.2% is reflective of the accumulation

of all 600-800 loci. If one calculates the average mutation

frequency per locus by dividing 0.2% by 600 and 800

respectively, it is found that induced mutations can be

estimated to occur at the rate of 3.3 x 10-6 to 2.5 x 10-6

per locus (Lee et al., 1983).

In man the spontaneous mutation rate per locus is

estimated at 5.0 x 10-6 to 5.0 x 10~7. Thus it has been

concluded in a report from the U. S. Environmental Protection

Agency Gene-Tox Program that the SLRL is sensitive enough to

"be run successfully in exposure ranges of the chemicals that

yield mutation frequencies equal to a doubling of the human

mutation frequency" (Lee et al., 1983).
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CHAPTER IV

MATERIALS AND METHODS

Basc virgins were collected and held for approximately

five to seven days in holding jars. The vials were examined

for larvae prior to use to ensure virginity. When sufficient

amounts of virgins had been collected then wild-type

Drosophila melanogaster males began chemical treatment.

Adult wild-type males aged three to seven days were fed

ad libitum for 30 hours on a medium of equal parts of 5.0%

sucrose solution and 42% aqueous tetramethylthiuram disulfide

(42-S Thiram). Red dye was added to the test solution to

observe intake into the gut. Prior to the feeding period,

the males were starved for six hours in empty vials to ensure

immediate uptake of the chemically enhanced solution. The

treatment was administered in standard 75 ml D. melanogaster

vials containing approximately twenty flies each. The bottom

of each vial was completely covered with a 2.1 cm thick,

circular sponge made of pure cellulose that had been

saturated with the test solution. The sponges were

resaturated once with freshly prepared chemical solution

during the feeding period. This method of feeding permits

exposure not only by ingestion, but also by bodily contact

and inhalation.
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The control wild-type male flies were also fed ad

libitum for 30 hours on cellulose sponges saturated with 5.0%

sucrose solution and red dye only. Resaturation of the

sponges with the sucrose solution occurred once during the

feeding period.

Following the 30 hour feeding period the treated and

control wild-type male flies were anesthetized and placed in

individual vials with three virgin Basc females each. The

vials contained standard Formula 4-24 Instant Drosophila

Medium purchased from Carolina Biological Supply Company.

The medium was sprinkled with dry yeast to stimulate the

development of oocytes and guarantee sufficient egg laying

(Wurgler et al., 1984). This first mating between the wild-

type males and Basc females represented the first brood. The

offspring from brood one analyzed the mature sperm at the

time of feeding on the appropriate test solution. Seventy-

two hours following this first mating, the wild-type males

were once again anesthetized and placed in new individual

vials containing three more virgin Basc females. The progeny

of brood two represented the spermatocytes of the wild-type

male at the time of chemical ingestion. Seventy-two hours

after the brood two matings, the wild-type males were

anesthetized for the last time and placed with three more

fresh Basc virgins. Offspring in this brood three

constituted the spermatids and possible spermatogonia at the
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time of feeding, thus providing samples of all the germ cell

stages of spermatogenesis.

Three days after each mating the Basc females of that

brood were transferred into new vials containing Formula 4-24

medium sprinkled with dry yeast to lay more eggs, hence

increasing the offspring. The Basc females were kept in the

second vial for six days and then discarded before offspring

emerged. The wild-type males performed three brood matings.

Each brood consisted of two vials, thus making a total of six

vials of F1 progeny per treated and control male.

As the F1 flies emerged, the females having a red,

kidney shaped eye and carrying one treated X chromosome from

the paternal male was placed individually in vials with one

to three Basc males. They too were raised on standard

Formula 4-24 medium sprinkled with dry yeast. The Basc males

were siblings taken from the same F1 vials as the red, kidney

shape eyed females. Six females from each of three broods

were randomly chosen for these F1 crosses. Each treated and

control wild-type male consequently finished with 18 vials of

his own F2 offspring.

Approximately 14 days following the F1 crosses the F2

progeny were then scored for the presence of the sex-linked

recessive lethal mutation, as evidenced by the absence of

wild-type males having red, round eyes. The vials containing

two or more wild-type males were recorded as non-lethal and
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discarded because it had not resulted in the elimination of

this complete class of males in the F2 generation. The flies

in the vials suspected of bearing a lethal mutation with no

wild-type male flies present were anesthetized and an F2

cross was performed between red, kidney shape eyed females

and three Basc males in individual vials. The F3 progeny

were scored for the absence or presence of wild-type males

approximately 14 days later as the flies emerged. This

extension into the F3 generation determined without a doubt

the presence or absence of a lethal in the treated X

chromosome.

The progeny from both treated and control wild-type

males were grouped separately from the offspring of other

tested and control males in order to ensure proper

identification of the common male which carried the mutation.

All testing and brooding procedures were performed at room

temperature.
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CHAPTER V

EXPERIMENTAL RESULTS AND EVALUATION

Upon adult fly hatching, the treatment vials were

examined for the absence of wild-type males, thus indicating

a sex-linked recessive lethal mutation. It was found that of

312 vials of F2 progeny examined, three did not contain two

or more red eyed males, hence indicative of a lethal

containing vial. Confirmation of the lethal containing vials

was established by re-testing into the F3 generation. No

wild-type males were found in these F3 vials thus classifying

the initial F2 vial has a definitive lethal containing vial.

Offspring in the other vials containing red eyed males were

counted and discarded. Data gathered from the SLRL assay

have been condensed into tabular form. Tables 2-5 list the

raw data.

The 312 cultures are reflective of the number of tested

X chromosomes. The lethal bearing vials are then divided by

the number of tested X chromosomes and multiplied by 100 to

obtain the frequency of lethals.

When this mathematical calculation was performed, it was

found that the frequency of mutation in the tetra-

methylthiuram disulfide fed Drosophila melanogaster was

0.96%. No mutations were recorded for the 107 tested X
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chromosomes in the control group, hence the lethal mutation

frequency was equivalent to 0%. Several decades of testing

wild-type D. melanogaster have indicated that the spontaneous

mutation frequency found in SLRL assays have been on the

order of 0.i%-0.3%. Spontaneous mutation frequencies within

this range are considered acceptable (Lee et al., 1983).

Although, the overall rate of mutation was higher in the

treated group, it did not show a significant increase when

compared to data from the control group.

To determine if the mutation rate in the treated group

was significantly higher than the mutation rate in the

control group the data were subjected to the one-tailed

Fisher exact test with a significance level of alpha 0.05.

When the data were calculated it was found that the mutation

frequency rate was not significantly higher in the

tetramethylthiuram disulfide fed than in control fed

D. melanogaster males (p=0.41) in this preliminary study.

Hence, under the laboratory conditions of this study,

tetramethylthiuram disulfide failed to show true mutagenic

activity.

However, I would suggest further mutagenicity testing

be conducted on this carbamate fungicide before it is

definitively concluded that Thiram has no potential mutagenic

behavior because this introductory experiment was not

considered to be elaborate enough to be able to detect
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induced mutations. According to criteria decided by the

U. S. Environmental Protection Agency Gene-Tox Program, a

test of 7000 X chromosomes in both the treated and untreated

series should be performed to confirm true mutagens (Lee et

al., 1983). An elegant experiment of this size has been

calculated to keep a laboratory of 12 technicians busy for 30

weeks (Wurgler et al., 1984).
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Table 2 Summary of Raw Data--Offspring Number of Treated
Drosophila melanogaster

NUMBER OF OFFSPRING
TREATED FLY

C 2
C 4
C 5
C 9
C12
C13

D 1
D 4
D 9
D12
D11

E 1
E 3
E 4
E 6
E10

Fl1
F 2
F 3
F 5
F 7

BROOD 1 BROOD 2 BROOD 3

561
860
615
679
580
742

575
559
446
577
436

71
366
226
652
393

553
690
624
724
234

679
1103
505
559
661
596

1006
955
700
476
1179

191
966
574
492
0

763
628
691
657
910

994
281
17
1211
605
831

0
0
612
527
659

712
836
0
0
552

580
1309
567
145
795
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Table 3
Summary of Raw Data-- Offspring Number of Control

Drosophila melanogaster

NUMBER OF OFFSPRING
CONTROL FLY BROOD 1 BROOD 2 BROOD 3

CL 1 776 792 698
CL 2 277 810 0
CL 4 0 831 531
CL 5 527 870 553
CL 6 263 652 525
CL 7 495 651 617
CL 9 295 821 589
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Table 4 Summary of Lethal Containing Vials/Total Vials
in Treated Drosophila melanogaster

NUMBER OF LETHAL/TOTAL VIALS
TREATED FLY

C 2
C 4
C 5
C 9
C12
C13

D 1
D 4
D 9
D1O
D11

E 1
E 3
E 4
E 6
E10

Fl1
F 2
F 3
F 5
F 7

BRODn I B1 R D 9

0/6
1/6
0/6
0/6
0/6
0/6

0/6
0/6
0/6
0/6
0/6

0/4
0/5
0/4
0/6
0/4

0/6
0/6
0/6
0/6
0/4

0/6
1/6
0/6
0/5
0/6
0/6

0/6
0/6
0/6
0/6
0/6

0/5
0/6
0/4
0/6
0/0

0/6
0/4
0/6
0/6
0/6

BRnD r = TOTAT

0/5
0/6
0/1
0/6
0/4
0/6

0/0
0/0
0/5
0/6
0/6

0/6
0/5
0/0
0/0
1/4

0/6
0/6
0/6
0/1
0/6

0/17
2/18
0/13
0/17
0/16
0/18

0/12
0/12
0/17
0/18
0/18

0/15
0/16
0/8
0/12
1/8

0/18
0/14
0/18
0/13
0/14

0 Z% k ) kli J-j -L 4 -) L %-J.L X-li-i
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Table 5 Summary of Lethal Containing Vials/Total Vials

in Control Drosophila melanogaster

NUMBER OF LETHAL/TOTAL VIALS

CONTROL FLY

CL 1
CL 2
CL 4
CL 5
CL 6
CL 7
CL 9

BROnD 1

0/5
0/6
0/0
0/5
0/2
0/5
0/6

BROOD 2

0/6
0/6
0/6
0/6
0/6
0/6
0/6

BROOD 3 = TOTAL

0/6
0/0
0/6
0/6
0/6
0/6
0/6

0/17
0/12
0/12
0/17
0/14
0/17
0/18

A- -LA. N-/ % / J-.P L. A-J A A. %.of N--f AoF J-F A. %I lk-.f %.I' A.., N-f A6 & .164-4
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